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1. Introduction 

1.1 Thesis summary 
Title: The role of sex and gender in personalizing medicine: Using novel methods for 

systematic reviews 

Author: Elena Stallings 
 

Thesis supervisors: Javier Zamora and Agustin Albillos 
 

Area of research: Health sciences, Universidad de Alcalá de Henares 
 

Date of admission to PhD program: 29/03/2019 
 

The thesis is presented in the form of a compendium of publications and includes four 

articles published in scientific journals with a good impact factor in general medicine. It also 

includes one article which is currently being considered for publication in a journal. The 

doctoral student was the first author of three of the published manuscripts and also of the 

article awaiting decision by the journal. The student was also the second author of one of 

the published manuscripts. 

Publications arising from this Doctoral Thesis 
 

1. Sex as a prognostic factor for mortality in adults with acute symptomatic 

pulmonary embolism: Protocol. 

López-Alcalde J, Stallings EC, Zamora J, Muriel A, Doorn S, Alvarez-Diaz N, Fernandez-Felix 

BM, Quezada Loaiza CA, Perez R, Jimenez D. Sex as a prognostic factor for mortality in 

adults with acute symptomatic pulmonary embolism. Cochrane Database of Systematic 

Reviews 2021, Issue 1. Art. No.: CD013835. DOI: 10.1002/14651858.CD013835. 

-The Cochrane database of systematic reviews 
 

-Impact factor: 7.890 (2019) 
 

-Publication date: 13th January 2021 
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2. Development and evaluation of a prognostic factor search filter for Ovid 
Medline. 

 
 
 

-Journal of Medical Internet Research 
 

-Impact factor: 5.03 
 

-Publication date: Awaiting decision by journal 
 

3. Sex as a Prognostic Factor in Systematic Reviews: Challenges and Lessons 
Learned 

 
Stallings, E.; Antequera, A.; López-Alcalde, J.; García-Martín, M.; Urrútia, G.; Zamora, J. Sex 

as a Prognostic Factor in Systematic Reviews: Challenges and Lessons Learned. J. Pers. Med. 

2021, 11, 441. https://doi.org/10.3390/jpm11060441 
 

-Journal of Personalized Medicine 
 

-Impact factor: 4.433 (2019) 
 

-Publication date: 21st May 2021 
 

4. Clinical manifestations, risk factors, and maternal and perinatal outcomes of 

coronavirus disease 2019 in pregnancy: living systematic review and meta-analysis. 

Allotey J*, Stallings E*, Bonet M, Yap M, Chatterjee S…..Mofenson L, Zamora J, 

Thangaratinam S; for PregCOV-19 Living Systematic Review Consortium. Clinical 

manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 

2019 in pregnancy: living systematic review and meta-analysis. BMJ. 2020 Sep 1;370:m3320. 

doi: 10.1136/bmj.m3320. PMID: 32873575; PMCID: PMC7459193. 

*Joint first author 
 

-The BMJ (British Medical Journal) 
 

-Impact factor: 30.223 (2019) 
 

-Publication date: 1st September 2020 

https://doi.org/10.3390/jpm11060441


13  

5. Collaborations in times of coronavirus: reflections on a living systematic review of 

covid19 in pregnancy. 

Stallings E, Allotey J, Van Wely M, Thangaratinam S, Zamora J. Collaborations in times of 

coronavirus: reflections on a living systematic review of covid19 in pregnancy. In: 

Collaborating in response to COVID-19: editorial and methods initiatives across 

Cochrane. Cochrane Database of Systematic Reviews 2020;(12 Suppl 1): [77- 

78]. https://doi.org/10.1002/14651858.CD202002 
 

-The Cochrane database of systematic reviews 
 

-Impact factor: 7.890 (2019) 
 

-Publication date: 10th December 2020 

https://doi.org/10.1002/14651858.CD202002
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1.2 Background to project 
This thesis arose from the linking of two separate projects, one studying the sex differences 

in various clinical disorders and the other studying the effects of covid-19 in pregnancy. 

Thus, the overarching theme of the thesis relates to issues involving women’s healthcare. 

SEXCOMPLEX project 

The original inspiration for this thesis came from the SEXCOMPLEX project (grant number 

PIE16/00050). This project aimed to investigate the influence of sex hormones and sex 

differences on the pathophysiology, clinical presentation and long-term course of clinical 

disorders of complex aetiology. Sex and gender medicine is a relatively new discipline, 

especially in Spain. Therefore, this project was considered a pioneering initiative. 

This was the first project I was involved in while working on my PhD. The Cochrane 

systematic review protocol “Sex as a prognostic factor in patients with acute pulmonary 

embolism” was published early in 2020, whilst the systematic review itself is still being 

carried out. 

Preg-COV19 project 
 

During the covid-19 pandemic, I became involved with the preg-COV19 project, which is a 

large collaboration between researchers, mostly from the University of Birmingham and the 

World Health Organization (WHO). In this project we undertook living systematic reviews 

(LSR) involving pregnant and postnatal women at risk, suspected, and diagnosed to have 

COVID-19, and to synthesise the relevant evidence on prevalence, risk factors, mother-to- 

child transmission, diagnosis, and treatment of the disease. I have been leading the section 

of this project related to the identification of risk factors for pregnant women to develop 

COVID-19 and to develop adverse outcomes due to COVID- 19. 

The living systematic review (LSR) “Clinical manifestations, risk factors, and maternal and 

perinatal outcomes of coronavirus disease 2019 in pregnancy: living systematic review and 

meta-analysis” was the first article published from this project. The Cochrane short report 

“Collaboration in times of Coronavirus: Reflections on a living systematic review of COVID- 

19 in pregnancy” was also published from this project describing our experience of this LSR 

during the pandemic. 
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1.3 Precision medicine 
The official definition of precision medicine, defined by the united states national research 

council is as follows: “The tailoring of medical treatment to the individual characteristics of 

each patient…to classify individuals into subpopulations that differ in their susceptibility to a 

particular disease or their response to a specific treatment. Preventative or therapeutic 

interventions can then be concentrated on those who will benefit, sparing expense and side 

effects for those who will not” (1). In other words, it is a term used to describe the 

treatment or interventions focusing on patients based on their individual characteristics, 

such as disease severity, genetic traits or sex and gender. With the advancements in 

technology scientists can now personalise drugs to make them more specific and effective 

for certain populations. This approach is highly effective in improving the prognosis of many 

patients. Precision medicine is a relatively new field of research as it only began to lift off in 

2001 after the completion of the human genome project (2, 3). 

Clinical areas where personalised approaches are promising include cancer treatments, 

cardiovascular diseases, psychiatric disorders, diabetes, and pain. For example, people with 

melanoma who have a certain mutation in the BRAF gene can be targeted with a specific 

drug that aims directly for BRAF (4). With this highly specific treatment, patient prognosis 

significantly increases. Breast cancer is another type of cancer that benefits from precision 

medicine. Breast cancer is generally treated according to biomarkers in the patient such as 

oestrogen receptors or HER2 gene status (5). This allows the drug to specifically target these 

biomarkers, thus improving patient prognosis. Within the same field of research, breast 

cancer, precision medicine has another application. It can also be applied as part of 

prevention methods. Screening women for variants of the BRCA1/2 genes, which give more 

than an 80% chance of developing breast cancer, can allow for preventative surgery and 

other intervention (6, 7). 

Genetic testing has its advantages along with its downfalls as it can be useful in the 

prevention of diseases, but unfortunately there are a lot of diseases that cannot be cured. 

Currently, there are approximately 75,000 different genetic tests available on the market 

(3). This is where the ethical debate of genetic testing enters into precision medicine (8). As 

discussed above, in breast cancer it can be used as a method of prevention, but for other 



16  

diseases such as Huntington’s disease if a genetic variation is detected there is not 

treatment available (9). Therefore, genetic testing in precision medicine is something that 

must be thoroughly considered from all aspects. 

Sex plays an influential role in health and disease and using the characteristic of sex in 

precision medicine can improve outcomes for both males and females (10). Throughout the 

remainder of this thesis introduction I          will discuss further in depth the differences between 

the sexes and how and why sex is an important factor to consider in precision medicine. 



17  

1.4 Sex as a determinant of health 

1.4.1 Determinants of health 

Many factors determine the health of individuals and communities. The range of factors 

that combine to influence health status are known as determinants of health. As can be 

seen in figure 1, they are categorised into five broad areas including policymaking, social 

factors, health services, individual behaviour and biology and genetics (11, 12). The term 

‘determinants of health’ was coined in the 1970s and it refers to the factors that can have a 

significant positive or negative influence on health. Addressing sex and gender as 

determinants of health is a step in the right direction in personalizing medicine. The social 

factors category of the determinants of health is also known as the social determinants of 

health (SDOH). These factors include race, ethnicity, income and wealth, educational status, 

and sex and gender identification (11, 13). 

 
 
 

 

 
 
 

Figure 1: Determinants of health 
 

Medical care has its limits of what it can do and without taking into account the 

determinants of health, key measures of health, such as life expectancy and infant 

mortality, will not improve (14). Studying the determinants of health can improve health 

outcomes for socially disadvantaged populations. For example, children who grow up in a 

neighbourhood that is socioeconomically disadvantaged are more likely to be obese. This is 
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due to the higher number of fast-food restaurants and lower availability of fresh produce 

which leads to poorer nutrition (14). To combat this, health promotion strategies must 

reach beyond just the clinical aspect and look further afield to investigate the deeper 

causes, which are often rooted in SDOH. 
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1.5 Sex and gender terminology 
There is a need to increase literacy around the terms of sex and gender. Most people, 

including many researchers, do not realise that the terms of sex and gender are different 

and therefore use the words interchangeably (15). When researchers are writing an article, 

they prefer to use all of the possible terms to refer to sex (which they think includes 

gender), so as not to be repetitive. However, this is wrong and an incorrect usage of the 

words. This misuse leads to confusion when reading and analysing studies as it is not clear 

whether sex or gender is being studied. The majority of the time the authors will be 

referring to sex, but mistakenly use the word gender. A perfect example is the study by Lee 

2017, where they refer to the “male gender” (16). 

One of the causes of this problem could be that, unlike English, not all languages have 

different terms to refer to sex and gender. For example, in German there are no separate 

words (eg. Geschlecht in german) and the only distinction is made through the context of 

the sentence (17). Thus, the words sex and gender when translated from German, are done 

so identically or interchangeably. This also happens in the Greek language where the two 

terms cannot be distinguished easily as both sex and gender use the same word “φύλο” 

(18). 

The term gender is actually derived from the term G-I/R which refers to gender identity role 

(18). The term “gender” has been spreading through the literature in recent years with 

people mistakenly using it as a synonym for sex. Many times, rats, mice, guinea pigs or 

isolated cells are described using the gender terms (gender, man, woman) (19). This is 

incorrect and not possible. Animals are not seen to have a gender as we cannot judge their 

genders based on the social and cultural roles played, only their biological sex. 

Accurate use of sex and gender terminology is an important step to work through the 

complexities of these words. 
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1.6 Sex differences in health 
The increase of studies on sex and gender differences and the development of sex and 

gender specific medicine represents a significant milestone in the progress of personalizing 

medicine. In order to continue progressing, we must understand that the concepts of sex 

and gender are interconnected, however differ in many aspects. The term distinction 

between sex and gender was introduced by the sexologist John Money in 1955 (17). 

Definition of sex 
 

Sex is the attribute of being male or female in organisms such as humans or other living 

beings that have the ability to reproduce sexually. It refers to a person’s biological and 

physiological characteristics, such as reproductive organs and genetic differences (20, 21). 

The words male and female are used to describe the two different sexes. 

Sex differences between males and females 

Sex determination: 

Sex is determined solely by the presence or absence of a Y chromosome. Genetic factors are 

used to define the sex of an individual. Females have 46 chromosomes made up of 22 pairs 

of autosomes and a pair of Xs, whilst males also have 22 pairs of autosomes, but in contrast 

to females, they have a single X chromosome and a Y chromosome that determines 

maleness (22, 23). These chromosomal factors and other factors further downstream in the 

process, such as the gonadal hormones, directly act on tissues producing sexual differences. 

Gonadal hormones are hormones produced by the primary reproductive organs, which are 

the testes in males and ovaries in females. The major hormones are oestradiol and 

progesterone from the ovaries and testosterone from the testes (22). Hormone levels differ 

between the sexes. Females have higher levels of progesterone whilst males have increased 

levels of testosterone. Males being more prone to physical aggression than females is a sex 

difference, which can be explained by the higher levels of testosterone in males. The most 

obvious physical differences between males and females are the features related to 

reproductive roles (including the endocrine systems, genital and breast organs). Other 

differences include the differentiation of muscle mass and height. 
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Figure 2: Physical sex differences between males and females 
 

Sex differences in health: 
 

Due to sex differences in many diseases, the best course of treatment for illnesses could 

differ between the sexes. Examples of diseases and illnesses influenced by sex include 

breast cancer, osteoporosis, and pulmonary embolism. 

Breast cancer is one of the most common neoplasms worldwide. Although it affects both 

females and males, it is extremely rare in males. Breasts do not develop in the same way in 

males as in females, however males do have a small amount of breast tissue (24). Male 

breast cancer accounts for only 0.6% to 1% of all breast cancer cases (25). Thus, male breast 

cancer is much lesser studied than female breast cancers. Due to this, studies have shown 

that male patients with breast cancer have higher mortality rates than female patients (26, 

27). 

Osteoporosis is a growing worldwide health problem leading to complications such as bone 

fractures. Osteoporosis is a bone disease that causes bones to become weak and brittle, due 

to a decrease in bone density (28). It affects both sexes, but with different incidence rates 

and different ages (29). In general, females start losing bone density at an earlier age and at 

a faster rate than males. Osteoporosis is four times more common in females than in males 

aged 50 years or older (28). 

Pulmonary embolism is a blockage of one of the pulmonary arteries in the lungs. This 

blockage can be caused by a blood clot which travels from another site in the body to the 

lungs (30). There has been a higher incidence of pulmonary embolism in females, compared 
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to males (31). Females also tend to be older than males and females appear to be at higher 

risk for short term mortality after acute pulmonary embolism (31, 32). 
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1.7 Sex inequities in health research 

1.7.1 In the laboratory 

Health care inequities exist throughout the system all the way from the laboratory to clinical 

trials to research positions. To help combat these inequities in the laboratory, in 2016, the 

US National Institute of Health (NIH) started requiring grant proposals to include sex as a 

biological variable in research (33). This means using both male and female animals, cells, 

and tissues in pre-clinical studies. However, this is not always feasible and easy. For 

example, when working with human cell lines it is often not feasible to include cells derived 

from both males and females as such lines were established, in some instances, from 

patients with rare disorders, many years ago (34). 

In most areas of research, male animals are used more often than females and there are 

very few studies that use both males and females. The main reasons for this are cost and 

complexity. To include both male and female animals in an experiment means double the 

financial and human resource requirements (34). Including female animals in studies can 

also be seen as more complex due to their hormonal cycle. It has been suggested that in 

mouse studies four different groups of female mice should be included in order to account 

for the stages of the murine oestrus cycle. It is difficult to justify this approach due to the 

costs and complexity involved (34, 35). 

1.7.2 In clinical trials 

Just like a child is not a small adult and there is a special branch of medicine known as 

paediatrics for children, a female is not a mere copy of a male. There needs to be more 

focus on sex specific medicine to investigate these issues and a starting point is including 

females in all clinical trials. Similarly, like in the laboratories, for decades females had been 

mostly excluded from clinical trials. The principal reason for this was the same as with the 

female lab animals; they were considered to be too complex due to their monthly hormonal 

cycles. There are also a few other possible explanations for the exclusion of females in trials, 

including the fear of causing foetal damage in pregnant women or increased costs due to 

the higher number of participants that must be enrolled to cater for female involvement. 

However, in 1994 this began to change as the NIH mandated that females and minorities be 

included in NIH funded clinical research (35). This was one step in the right direction, but 
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even though females now make up half of clinical trial participants, there are many 

published studies which still fail to conduct a sex and gender-based analysis (SGBA). Due to 

their exclusion from many trials, women remain vulnerable to the adverse effects of 

pharmacological therapies. Thus, women tend to experience higher rates (almost double) of 

adverse events in comparison to men (36). Greater attention is needed in the area of 

studying the frequency and severity of adverse events amongst women trial participants. 

131 million women worldwide give birth annually (37). These pregnant women are at an 

increased risk of infections and other illnesses due to alterations in their immune, 

respiratory, and cardiovascular systems during pregnancy. In relation to the current covid- 

19 pandemic, pregnant women have been almost entirely excluded from therapeutic and 

vaccine trials, even though many of these trials are just repurposing drugs that are already 

used in pregnancy (37). This is not unique to covid-19, this is the case with many illnesses 

when it comes to including pregnant women in trials. However, the pandemic has been 

highlighting the vulnerability of pregnant women when excluded from trials. The difficulty of 

including pregnant women lies in that they are a high-risk population, as there are always 

adverse outcomes in pregnancy. Therefore, even if the drug is repurposed and widely used 

for other conditions, if something goes wrong, the patient could blame the drug and sue the 

manufacturer or university running the trial. 

Females tend to use more medications than males as they suffer more from chronic 

illnesses and they also usually pay more attention to their health (48). Unfortunately, 

females still represent a small percentage (22%) of the participants in the first phases of 

clinical trials (48). For this reason, it is necessary to test drugs in all populations (females, 

males, pregnant women, children) that they may possibly be used in. This ensures the 

appropriate dose regimens and will minimise the likelihood of adverse effects. 
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1.8 Systematic reviews 

1.8.1 Introduction to systematic reviews 

Publications in health research are continuously increasing which makes it difficult for 

clinicians to keep up to date with the best evidence. To address this challenge, systematic 

reviews (SRs) were developed (38). Another reason for SRs is to reduce research waste, 

which is a significant problem as many studies are carried out unnecessarily. SRs help 

prevent such waste by highlighting what is already significantly documented from multiple 

independent sources and what still needs to be researched (39). SRs are also key to making 

informed health choices and informing health policy guidelines. Since they synthesise all the 

studies on a given topic and appraise the quality of evidence of said studies, they are a 

highly significant form of evidence available to health care providers and policy makers (40). 

A systematic review (SR) uses a systematic and explicit method to collect secondary data, 

critically appraise studies, synthesize findings, and answer a specific research question (41, 

42). In 1753 James Lind published the first example of an SR in his paper “A treatise of the 

scurvy” (43). In this piece of work, he aimed to synthesize the evidence on scurvy in an 

unbiased manner. It included a critical and chronological view of what had already been 

published on the subject. He wrote about his search strategy for relevant material, just like 

reviewers do in today’s SRs (43). Nowadays there is wide acceptance of Linds´ idea that 

decisions in healthcare and healthcare policy need to be informed by up to date systematic 

reviews. However, applying this principle is often proven difficult as reviews often reveal 

that more studies are needed, and the information sought is not yet available. 

Although James Lind took an early step in the direction towards SRs, it was not until many 

years later that it was acknowledged that more attention was needed in the area of 

evidence synthesis. The Cochrane Collaboration was founded in 1993 and is responsible for 

regularly updating and maintaining the Cochrane Database of Systematic Reviews (CDSR). 

The CDSR is a journal with a collection of reviews and protocols maintained by various 

review groups (44). It includes 53 review groups and has approximately 30,000 experts who 

volunteer on SRs from around the world. The organisation was named after Archie Cochrane 

who was a field epidemiologist and made his name and reputation through his 1971 

monograph “Effectiveness and efficiency. Random reflections on health services” (45). In 
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this monograph, Cochrane called for an international register of controlled trials and criteria 

to be drawn up to appraise the quality of published research (45). 

1.8.2 Systematic review process 

Once the review topic has been chosen, the next step should be to create a review protocol. 

This protocol should describe the rationale, the hypothesis, and the planned methods for 

the review (46). Protocols aid in detecting modifications made to the methods and also 

selective reporting. The Preferred Reporting Items for Systematic reviews and Meta- 

Analyses for Protocols 2015 (PRISMA-P 2015) exists to act as a guideline in developing the 

SR protocol. It consists of a 17-item checklist (46). 

 

 
 

Figure 3: Systematic review process 
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All SRs, whether Cochrane or not, are based on a specific research question using the PICOS 

format. P is for the population of interest; I is for the intervention being studied or in the 

case of prognostic reviews for the index factor; C is for the comparator or in prognostic 

reviews comparator factors; O is for the outcomes of interest; S is for the setting of the 

studies. All of these elements must be accounted for when formulating the research 

question. SRs can be divided into different types depending on the research question. These 

classifications include effects of interventions, diagnosis, and prognosis. 

After the question is defined, the next stage of a SR is searching for relevant studies. This 

means running searches in databases using key words and MeSH terms from the research 

question. Once the studies are retrieved from the searches, the next task is to screen them 

using the inclusion and exclusion criteria, which was set at the beginning of the review 

process. The eligibility criteria are based on the PICO question. The exclusion criteria are for 

studies that are withdrawn, duplicated, abstract on or of an unrelated topic. An example of 

a list of exclusion criteria is as follows: 1) withdrawn study, 2) duplicated study, 3) wrong 

population (patients not with investigated disease or health condition), 4) wrong 

intervention (not the correct treatment or other type of intervention that we are 

investigating in the SR). It best to write the list of exclusion criteria in certain order, for 

example, the way in which it is done above, as it makes it easier to discard irrelevant 

studies. 

When the studies to be included in the review have been selected, the relevant data must 

be extracted. A data extraction template is drawn up either in excel or in a SR software such 

as Eppi- reviewer or Covidence. Data such as sex, gender, age of participants and details of 

the health condition, details of the intervention and numerical data are extracted. The 

numerical data will then be used in a meta-analysis if possible. 

Then the quality of the studies must be assessed. It is just as important to assess the quality 

of the included studies as it is to analyse the data. Poorly conducted studies can include 

biases from the research methodology. Thus, these studies should be interpreted with 

caution. There are many different tools available to assess study quality and risk of bias. 

These include the following: Cochrane risk of bias (ROB 2), Newcastle ottawa-scale (NOS), 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2), Quality In Prognosis Studies 

(QUIPS) and Prediction model Risk Of Bias ASsessment Tool (PROBAST). The ROB 2 tool 
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should be used to assess quality and risk of bias in randomised clinical trials (RCTs) in 

Cochrane systematic reviews (or others). The NOS is used for non-observational studies of 

cohort and case control studies. The QUADAS-2 tool is used for diagnostic accuracy studies. 

QUIPS should be used in reviews of prognostic factors (47), while PROBAST needs to be used 

with reviews of prognostic model studies (48). 

Once the data has been extracted and quality assessed the analysis can begin and a meta- 

analysis carried out if feasible. Data synthesis can be done narratively and if possible, 

through meta-analysis. If the populations are mixed, and there are enough studies, 

subgroup analyses can be carried out. 

To deal with poor reporting in systematic reviews an international group of experienced 

authors developed the PRISMA (preferred reporting items for systematic reviews and meta- 

analyses) guidelines. The PRISMA guidelines consists of a 27-item checklist and a 4-phase 

flow diagram (49). These guidelines help to ensure consistent and reliable reporting in 

systematic reviews. 
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Figure 4: PRISMA flow diagram example taken from our SR of risk factors, clinical 

manifestations, maternal and perinatal outcomes in pregnant and recently pregnant women 

with suspected or confirmed coronavirus disease (COVID-19). 

 
 

1.8.3 Novel types of systematic reviews 

Prognostic systematic reviews 
 

Prognosis research is a relatively new area of research and is vital for personalizing 

medicine. The PROGRESS (PROGnosis RESearch Strategy) framework was developed in 2013 

by an international group of experts on prognosis research. It classifies prognosis research 

into four main types including: overall prognosis, prognostic factors (PFs), prognostic models 
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and predictors of treatment effect (50-53). Thus, prognostic systematic reviews, either of 

PFs or prognostic models, are also a novel area of research synthesis. 

A prognostic factor is “any measure that, among people with a given health condition (that 

is, a start point), is associated with a subsequent clinical outcome (an endpoint)” (52). A 

prognostic model is “a formal combination of multiple predictors from which risks of a 

specific endpoint can be calculated for individual patients” (53). Prognosis SRs are formed a 

little differently than other types of SR's. Instead of forming the review question using PICO, 

they form the question using PICOTS. The main difference is found in the I, which is the 

index prognostic factor or model in prognostic SR's versus the intervention in other SR's. 

Another difference is in the C as in prognostic factor studies it is the comparative prognostic 

factors (confounders) and in other SR's it is the comparator interventions or placebos. Also, 

the T (timing) and S (setting) are added into the review question for prognostic SR's, which 

means the timing of measurement of the prognostic factor and the setting must be 

considered(54). 

Systematic review speeds 
 

A regular systematic review usually takes from one to three years to complete. However, 

there are times when we cannot wait one year to compile the evidence to inform guidelines 

and clinical practice. Times such as an epidemic or pandemic require evidence to be 

produced fast and efficiently. There are two relatively new types of SR's to deal with this: 

rapid reviews and living systematic reviews. 

Rapid reviews are a form of evidence synthesis in which stages of the systematic review 

process are simplified or omitted to produce results in a timely manner (55). A rapid review 

can cut some corners by, for example, searching in three databases instead of five or six and 

conducting each step of the review by only one reviewer instead of the usual two reviewers 

independently. A rapid review can be carried out in approximately 6 weeks. However, due 

to the omission of certain parts of review stages, a rapid review may be susceptible to bias 

such as sampling bias, choosing studies bias, and obtaining accurate data bias (56). 

A living systematic review (LSR) is a review that is continuously updated over a defined 

period of time. While being updated it maintains the same systematic review rigor and 

methodological quality. This living systematic review format should be used when the 
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current literature is lacking in the review topic, but new evidence will be appearing soon. In 

times of epidemics or pandemics research production can be greatly accelerated. A LSR 

allows access to high quality up-to-date syntheses of this new evidence (57). LSRs are 

associated with practical challenges, as continuous updating requires a lot of resources. A 

larger than normal review team might also be needed in the case of an LSR. 

1.8.4 Search filters 

As previously mentioned, an essential part of any systematic review is the extensive search 

for eligible studies. For many topics and areas of research, such as diagnosis or prognosis, 

studies are not indexed properly and often thousands of irrelevant studies are returned in 

the search. Search filters, or search strategies, are collections of search terms designed to 

aid in this process and to retrieve certain types of records topic. Search filters may be 

designed to retrieve references using a specific study design or by topic or by a different 

feature of the research question. They can be designed to maximise sensitivity (or recall) or 

to maximise sensitivity or precision (and reduce the number of irrelevant records that need 

to be assessed for relevance). Methodological search filters have been proven to be 

particularly effective in identifying intervention studies. A highly sensitive search strategy 

(HSSS) is widely used within the Cochrane Collaboration for identifying randomised trial 

studies in MEDLINE (58). 

There are 4 common methodological key elements within search filter design: identification 

of a ‘gold standard’; search term selection; evaluation of the search filter and validation 

(59). When identifying a gold standard there are two ways of doing so which include hand 

searching for gold standard studies or relative recall. The three most common sources of 

bias in filter development come from: 1) If systematic reviews were used to compile the 

reference set, these SRs must not have used a filter or terms for which they are trying to 

develop the filter 2) The choice of the gold standard records are subject to high bias if they 

are topic specific and not generalizable; 3) The validation of the filter should be carried out 

using a separate reference set (validation set) (60). In order to ensure quality search filters 

being developed, Glanville et al created the search filter appraisal checklist (61). It is 

composed of seven sections and aids researchers in the development process of their filters. 
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1.8.5 Sex and gender-based analysis 

Integration and acknowledgement of sex and gender in all studies as well as in systematic 

reviews is integral for understanding the applicability of evidence. The importance of 

carrying out sex and gender-based analysis and properly considering sex and gender in 

research is slowly being recognized (62, 63). However, evidence suggests that sex and 

gender reporting in Cochrane reviews, among others, is inadequate (64, 65). Reviews do not 

use the terms consistently and often use them interchangeably. There are various ways for 

SR authors to consider sex and gender in their reviews. This includes carrying out a 

subgroup analysis based on sex and gender if sufficient evidence is available, or to at least 

plan for such an analysis in the protocol if there is not sufficient evidence. Authors could 

also note if the included studies have a sex or gender imbalance and how the included 

studies used the sex and gender terminology (64). 

Tools exist to aid in carrying out sex and gender-based analysis and reporting. The Sex and 

Gender Equity in Research (SAGER) guidelines have been created to guide authors in 

preparing manuscripts with consideration for reporting on sex and gender information. The 

guidelines include procedures for reporting sex and gender in study design, data analyses, 

and results (66). Both the sex and gender of participants in studies should be reported, or at 

least the sex, if gender is not available (67). In order for those characteristics to be included, 

researchers and/ or clinicians should ask patients both their sex assigned at birth and the 

gender to which they currently identify with (67). 

To enhance equity, proper sex and gender-based analysis in every study is needed. Without 

it, the evidence is more limited in its applicability. 
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2. Objectives 
2.1 Primary Objectives 

The primary objective of this PhD thesis is to highlight sex inequities in healthcare. 
 

• Through an analysis of risk factors for pregnant women with Covid-19 in a living 

systematic review. 

• By assessing the potential role of sex (being a male or a female) as a prognostic 

factor in patients with pulmonary embolism 

 
 
 
 

2.2 Secondary Objectives 

As a secondary objective I looked at developing novel methods to aid in these reviews of risk 

factors and prognostic factors: 

• Development of a prognostic factor search filter for use in systematic review 

searches. 

• Modification and discussion of tools and methods employed in a prognostic factor 

systematic review. 
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3. 1st Article: Sex as a prognostic factor 

for mortality in adults with acute 

symptomatic pulmonary embolism 

(Protocol) 
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This project started in 2017 but was put on hold various times due to Cochrane and then the 

Covid-19 pandemic. This SR “Sex as a prognostic factor in patients with symptomatic acute 

pulmonary embolism” was the only prognostic review that the Cochrane Collaboration 

accepted worldwide during 2017, which shows that we have the support of the “Cochrane 

prognosis methods group” and that our review, once published, will be considered as a 

“model” for other Cochrane reviewers. The aim of the SR is to synthesize the available 

evidence to determine whether sex is a prognostic factor for mortality in adults with acute 

symptomatic pulmonary embolism. 

By publishing a Cochrane protocol before embarking on our SR we can be sure that all 

methods that we will employ are correct as it has been peer reviewed externally and by 

Cochrane editors. I am leading this SR and it is almost finished, so the preliminary results 

have been mentioned in the discussion and included in the appendices. 
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Objectives 

A B S T R A C T 

This is a protocol for a Cochrane Review (prognosis). The objectives are as follows: 

To determine whether sex (i.e. being a male or a female) is an independent (i.e. autonomous) prognostic factor for predicting mortality in 
adults with acute symptomatic PE. See Table 1 for a formulation of the review question in population, index prognostic factor, comparator, 
outcome(s), timing, and setting (PICOTS) format. 
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B A C K G R O U N D 

Description of the condition 

Venous thromboembolism (VTE) is a common cardiovascular 
disease that involves the formation of a blood clot (thrombus) 
in a vein (Bartholomew 2017). VTE can manifest as pulmonary 
embolism (PE) or deep vein thrombosis (DVT). Pulmonary 
embolism (PE) occurs when venous thrombi dislodge from their 
sites of formation and embolize to the pulmonary artery circulation 
system (Konstantinides 2014). About 50% of the patients with 
pelvic vein thrombosis or proximal leg DVT develop PE, which 
is oNen asymptomatic (Kearon 2012). About 90% of pulmonary 
emboli originate from the lower extremities, with most involving 
the proximal veins (Lee 2016). Acute PE is the most severe clinical 
presentation of VTE (Konstantinides 2014). 

Diagnosis 

Clinical recognition of PE is oNen inaccurate due to the signs and 
symptoms of PE being non-specific. Unfortunately, there is no test 
available that is sensitive and specific enough to confirm or exclude 
an acute symptomatic PE diagnosis. Therefore, in order to diagnose 
the disease it is necessary to combine clinical probability, D-dimer 
results, and imaging testing. In patients assessed for suspected PE, 
it has been shown that adherence to proven diagnostic algorithms 
improves patient prognosis (Kearon 2012; Konstantinides 2014; 
Roy 2006). The clinical probability of the patient having PE is the 
first thing to be assessed and with this information physicians 
can identify patients who require anticoagulant treatment whilst 
waiting on the results of the diagnostic tests. Clinical decision rules 
(CDR) have been proposed that combine items from the patient's 
clinical history, initial examination and sometimes from the chest 
x-rays or laboratory tests. The Wells and Geneva scores are the most 
extensively validated CDRs (Wells 2000). 

Predisposing factors 

PE is now recognised as a complex (multifactorial) disease. It 
involves both environmental exposures (e.g. clinical risk factors) 
as well  as  genetic  and  environmental  interactions.  When  PE 
is associated with precipitating risk factors (such as surgery, 
cancer, trauma, immobilisation, pregnancy, or oral contraceptive 
use), it is classified as provoked or secondary (Kearon 2016a; 
Konstantinides 2014). When there are no precipitating factors, it is 
known as unprovoked (Kearon 2016a), spontaneous, or idiopathic. 
On the other hand, there are several conditions, only present in 
females, that are well-established risk factors for VTE. Relevant 
examples include pregnancy and the postpartum period (James 
2006; Kujovich 2004; Marik 2008; Morris 2010), the use of oral 
contraceptives, which are the most common cause of thrombosis 
in young women (Peragallo Urrutia 2013; Stegeman 2013), and 
hormone replacement therapy (Cushman 2004). 

Risk stratification 

According to the short-term prognosis, PE can be classified as low- 
risk, intermediate-risk or high-risk (Merli 2017). High-risk PE is an 
acute PE with obstructive shock or systolic blood pressure (SBP) 
lower than 90 mmHg. Intermediate-risk PE is an acute PE without 
systemic hypotension (SBP ≥ 90 mm Hg), but with either right 
ventricle dysfunction or myocardial necrosis (Murphy 2018). If a PE 
has none of these severe features, it is called low-risk PE. 

In patients with acute symptomatic PE, initial treatment decisions 
should be driven by their risk of short-term mortality and other 
adverse outcomes. When patients have a high-risk for PE associated 
complications (i.e. haemodynamically unstable patients) they 
need to be admitted to an intensive care unit  (ICU)  and  be 
given early recanalisation (i.e. thrombolysis, percutaneous or 
surgical embolectomy) in addition to standard anticoagulation 
(Konstantinides 2014). In normotensive patients, there is a need 
for further risk stratification in order to diRerentiate patients who 
have a low-risk of early PE complications from those with an 
intermediate-high risk of PE complications. Low-risk PE patients 
may not need to be admitted to hospital, and thus could take 
advantage of either full outpatient anticoagulant therapy or a 
shortened hospital stay. Conversely, intermediate- or high-risk PE 
patients have a higher risk of PE complications due to preserved 
systemic arterial pressure; therefore, these patients could benefit 
from an intensification of therapy (Barrios 2018). Several issues 
should be taken into consideration during risk stratification, 
including the risk of bleeding from anticoagulants or thrombotic 
therapy, the risk of early venous thromboembolism recurrence and 
the consequences of these risks. 

Treatment 

In patients with high-risk PE, the primary cause of death is acute 
right ventricle failure. Therefore, the first stage of treatment is 
providing haemodynamic and respiratory support. The next step of 
treatment is usually anticoagulation for at least three months, as 
this can prevent premature death (Kearon 2016b; Konstantinides 
2014). 

Epidemiology 

PE is relatively common worldwide, and its incidence is increasing 
(Alotaibi 2016; Belohlavek 2013). PE represents the most common 
cause of vascular death aNer myocardial infarction and stroke, 
and is the leading preventable cause of death in hospitalised 
patients (Tapson 2008). No exact worldwide epidemiological data 
are available, and most PE cases are undiagnosed and thus 
untreated (Cohen 2007). In addition, many countries, especially 
those classed as developing countries, lack population-based 
estimates for thrombotic conditions (Wendelboe 2016). However, 
the incidence of PE is estimated to be approximately 60 to 70 per 
100,000 of the general population in Europe (Belohlavek 2013). 
In the US, the frequency of PE increased from 1998 to 2006, with 
the rate of PE detection nearly doubling without any change in 
mortality (Murphy 2017). With better technology, clinicians are 
better equipped to detect previously missed pulmonary emboli, 
but these are not necessarily clinically relevant (Doherty 2017; 
Wiener 2013). The US Centers for Disease Control and Prevention 
(CDC) estimate between 60,000 to 100,000 deaths per annum from 
PE in the US (CDC 2015), which represents 0.4% of all deaths 
in the country per annum (Murphy 2017). The mortality data 
from Australia and the UK show a similar frequency to the US, 
representing 0.2% (Australian Bureau of Statistics 2015), and 0.4% 
(British Lung Foundation 2015; ORice for National Statistics 2013) 
of all deaths, respectively. 

Description of the prognostic factor 

A prognostic factor is a characteristic in people with a given health 
condition (a start point) that is associated with a subsequent 
clinical outcome (an endpoint) (Hemingway 2013; Riley 2013). 
Therefore, prognostic factors distinguish groups of people with 
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a diRerent average prognosis (Riley 2013). The importance of 
prognosis research is increasingly recognised, as chronic health 
conditions and diseases are increasingly common and costly. 

Health equity is the absence of avoidable and unfair diRerences 
in health (Welch 2020). Sex, gender, and sexual orientation may 
contribute to health inequalities and health inequities (Evans 
2003; Welch 2020). 'Sex' refers to "the biological, genetic and 
physiological processes that generally distinguish females from 
males, while 'gender' refers to the roles, relationships, behaviours" 
and other traits that societies ascribe typically to women, men, and 
people of diverse gender identities (e.g. transgender) (CIHR 2012; 
Heidari 2016). 

In this review, we will assess the potential role of sex (i.e. being a 
male or a female) as a prognostic factor in patients with PE. This 
review will not evaluate the association between gender or sexual 
orientation and the outcomes of patients with PE. 

Health outcomes 

We will assess the association between sex (being a male or 
a female) and mortality in patients with PE by evaluating the 
outcomes of all-cause mortality and PE-related mortality. All-cause 
mortality is death from any cause following the diagnosis of PE. 
PE-related mortality is defined as death confirmed by autopsy, or 
those deaths following a clinically severe PE, in the absence of any 
alternative diagnosis (Muriel 2014). 

Why it is important to do this review 

PE is the most common cause of vascular death aNer myocardial 
infarction and stroke, and the leading preventable cause of death 
in hospitalised patients (Tapson 2008). Therefore, the eRective 
management of PE is among the top priorities for improving 
survival rates in patients with thromboembolic disorders. 

Prognostic factor research aims to identify factors associated with 
clinical outcomes in people with a particular disease or health 
condition (Hemingway 2013; Riley 2013). There can be diRerent 
uses of the evidence on individual prognostic factors: 

1. to define modifiable targets for interventions to improve 
outcomes; 

2. to build blocks for prognostic models; and 
3. to determine predictors of diRerential treatment response (Riley 

2013). 

Prognostic factors are relevant to patient management as they 
help to stratify patients by diRerent risk groups, thus helping to 
reduce morbidity and mortality (Riley 2013). The identification of 
prognostic factors is a crucial step within the current drive towards 
personalised medicine (Riley 2013; Trusheim 2007). 

Biological diRerences between the sexes can result in diRerential 
health risks, disease incidence, and health service needs (O'Neill 
2014). Sex diRerences in the presentation and clinical course of 
conditions may dictate diRerent approaches to detection and 
management. Although sex diRerences in arterial disease have 
received substantial attention, there are still very few studies that 
have explored sex diRerences within VTE (Blanco-Molina 2014). 
There are inconsistent data in studies of patients with proven acute 
PE, in regard to the relationship between sex and adverse outcome 
rates. For example, in a study of 276,484 patients with acute PE, 

in-hospital mortality was significantly higher in females compared 
to males (Agarwal 2015). However, in another study, male patients 
were seen to have a higher risk of 30-day death compared to female 
patients (Aujesky 2005). Conversely, three other studies found no 
significant association between sex and prognosis (Jimenez 2010; 
Keller 2019; Panigada 2016). 

Therefore, it is critical to determine if there are sex diRerences 
in the clinical course of patients treated for PE, as this may 
inform diRerent approaches for its detection, monitoring and 
management between males and females. The determination 
of the prognostic value of sex can be particularly important to 
support decisions when the benefit-risk balance of an intervention 
is not clear. Some examples identified in recent clinical guidelines 
(Kearon 2016b; Konstantinides 2019) are as follows: 

• the choice of the  optimal  anticoagulant  drug(s)  and 
regimen (Kearon 2016b), particularly in patients with renal 
insuRiciency and creatinine clearance greater than 30 mL/min 
(Konstantinides 2019); 

• the decision to administer reduced-dose thrombolysis and 
catheter-based reperfusion modalities in patients with 
intermediate- or high-risk PE (Konstantinides 2019); 

• the criteria for selecting patients for early discharge 
(Konstantinides 2019). 

In addition, the predictors of early PE-related death remain to 
be determined, and these predictors would be useful to identify 
possible candidates for reperfusion treatment among patients with 
intermediate-risk PE (Konstantinides 2019). To know the role of 
sex as a prognostic factor in patients with PE is also essential for 
professionals involved in drug discovery and development and for 
authorities responsible for the regulation and implementation of 
drug development programmes. 

O B J E C T I V E S 

To determine whether sex (i.e. being a male or a female) is an 
independent (i.e. autonomous) prognostic factor for predicting 
mortality in adults with  acute  symptomatic  PE.  See  Table  1 
for a formulation of the review question in population, index 
prognostic factor, comparator, outcome(s), timing, and setting 
(PICOTS) format. 

M E T H O D S 

This protocol follows the methods proposed in other Cochrane 
prognosis reviews (Hayden 2014; Skoetz 2017; Westby 2018). 
Moreover, we followed the guidance provided in Riley 2019 and 
the general protocol template of the Cochrane Prognosis Methods 
Group (Cochrane Prognosis Methods Group 2019). Our protocol 
report adheres to the guideline for Preferred Reporting Items 
for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 
Statement (Shamseer 2015). The review report will conform to the 
guidance of the PRISMA Statement (Liberati 2009), supplemented 
with the CHARMS-Prognostic factor checklist (Moons 2014). We will 
also follow the guidance for systematic reviews and meta-analyses 
of prognostic factor studies (Riley 2019). 

Criteria for considering studies for this review 

We have formulated the review question according to the PICOTS 
system. This format is based on the CHARMS checklist and informs 
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the objective and the eligibility criteria for the review (Debray 2017; 
Moons 2014; Riley 2019). See Table 1. 

Types of studies 

We will include any longitudinal study, randomised or non- 
randomised, investigating the prognostic significance of sex in 
adults with PE for predicting mortality. In practical terms, the 
following study designs will be eligible (Foroutan 2020): a) 
observational studies (e.g. cohort studies, case-control studies, 
or database linkage studies); and b) secondary analyses of 
experimental studies (randomised or non-randomised) providing 
evidence regarding prognosis. For an experimental study to be 
eligible, it must have used either the control group alone or the 
entire study cohort adjusted for the intervention. 

We will exclude the following study designs, but we will report them 
in the 'Characteristics of excluded studies' table if the remaining 
eligibility criteria were met: 

• Descriptive studies describing the course of the condition/ 
disease 

• Phase-1 exploratory prognostic studies (‘exploratory 
studies’): studies aimed at investigating all associations, 
usually in univariate analyses, of potential prognostic factors 
and outcomes. These studies are necessary to identify new 
prognostic factors, but they will not be eligible  for  our 
review because they provide the least conclusive information 
regarding the independence of a variable as a valid prognostic 
factor. Moreover, due to the high number of factors explored, 
exploratory studies oNen have widely varying results with 
common spurious associations, which may overstate their 
conclusions (Hayden 2008; Hayden 2014). 

• Other studies reporting univariate associations 
• Phase-3 prognostic studies: studies to understand prognostic 

pathways. We will exclude these studies because our review 
aims to determine the prognostic role of just one factor. 

• Cross-sectional studies 
• Prognostic model studies: 

* Studies to develop a prediction model (independently, if 
it reports any association of sex with any of our review 
outcomes) 

* Studies to validate a prediction model (that is, to validate the 
model in patient data not used in the development process) 

* Studies to evaluate the impact of a prognostic model on 
clinical practice and outcomes 

• Studies evaluating only the interactions between 
intervention and prognostic factors: for example, a 
randomised controlled trial (RCT) or other study reporting only 
treatment eRect modification data 

We will not exclude any study based on sample size, duration of 
follow-up, publication status, publication year or language. We will 
exclude studies that fulfil all our review eligibility criteria, but do not 
assess or report our outcomes of interest (see ‘Selection of studies,’ 
below). 

Appendix 1 details the study design features (i.e. more than the 
reported study design labels) that we have considered to define 
study design eligibility. 

Types of participants 

We will include all adults, hospitalised or not, treated for acute 
symptomatic PE confirmed by objective testing, such as pulmonary 
angiography, ventilation/perfusion lung scan, or another validated 
measurement. 

• Adult: person aged 16 years or older (in many settings, age 16 is 
when patients leave paediatric care and enter adult care) 

• PE: defined as the dislodgement of venous thrombi from their 
site of formation and their embolization to the pulmonary artery 
circulation system (Konstantinides 2014) 

• Acute: the follow-up should start no later than fiNeen days aNer 
diagnosis 

• Symptomatic: at least chest symptoms must be present, such 
as dyspnoea or chest pain 

• Objective testing confirmation: we will consider the following 
as valid examples of objective testing: high probability 
ventilation-perfusion scintigraphy; positive contrast-enhanced, 
PE protocol; helical chest computerised tomography for PE; or 
lower limb compression ultrasonography, positive for proximal 
DVT 

We will include studies regardless if the patients were treated for PE 
or not, providing the diagnosis for PE was confirmed. 

We will exclude studies with at least one of the following 
characteristics. 

• Studies conducted in animals, cadavers or in vitro 
• Studies conducted in females or males only, as they do not allow 

determination of the role of sex 
• Studies conducted with healthy volunteers 
• Studies where all the participants were children or adolescents 

(younger than age 16). We will exclude these studies because 
PE presents clinical and prognostic peculiarities in these age 
groups, as compared with in adults (Navanandan 2019; Zaidi 
2017) 

• Studies where the participants did not have confirmed PE 
• Studies including only a subset of the participants relevant to 

our review question will not be eligible but will be listed in 
the ‘Characteristics of excluded studies’ table if they meet the 
remaining review criteria, but we are unable to extract the data 
of interest. 

Types of prognostic factors 

Index prognostic factor 

We will include studies that assess the role of sex as a prognostic 
factor. Sex, categorised as female or male, relates to a set of 
biological attributes in humans and animals (Heidari 2016). In 
particular, sex refers to the biological, genetic and physiological 
processes that generally distinguish females from males, and is 
associated with features including chromosomes, gene expression, 
hormone function and reproductive/sexual anatomy (Heidari 
2016). We will preferably include studies ascertaining sex by 
genotyping of a blood sample (Clayton 2016). However, we will 
accept any assessment of sex as provided by the study authors. 

The concepts of sex and gender are distinct but interrelated (Doull 
2010). However, this review will not assess the role of gender 
as a prognostic factor. Gender refers to the roles, relationships, 
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behaviours, relative power, and other traits that societies generally 
ascribe to women and men, as well as people of diverse gender 
identities (e.g. transgender persons) (Heidari 2016). 

We acknowledge that 'sex' and 'gender' are poorly described and 
reported in published articles (Doull 2010; Lopez-Alcalde 2019; 
Runnels 2014; Welch 2017). If the reporting is unclear or incorrect, 
we will try to contact the authors for clarification. If no additional 
information is provided, we will generally assume that the study is 
considering sex, unless the authors explicitly state that they have 
evaluated the social aspect. 

Other covariates 

The focus of this review will be on the adjusted prognostic value 
of sex, that is, its prognostic eRect aNer adjusting for other 
covariates. Adjustment for the following key covariates, most taken 
from the scale of the Simplified PESI (sPESI) (Jimenez 2010) for 
mortality in patients with PE, will be of interest: age, history of 
cancer, current cancer, history of chronic cardiopulmonary disease, 
current chronic cardiopulmonary disease, heart rate, systolic blood 
pressure, and O2 saturation. We will consider this list to assess the 
adjustment domain in the 'Risk of bias' tool (see 'Assessment of risk 
of bias in included studies'). 

Please note that we anticipate that we may modify the draN list, 
if and when we find new evidence that justifies any changes. 
Appendix 2 describes the process that we followed in selecting the 
covariates for adjustment. 

Type of outcomes to be predicted, and timing 

We will consider all-cause mortality and PE-related mortality 
measured at diRerent time points, all of them defined as primary 
outcomes. We provide the complete definition for each outcome 
according to the criteria adapted from Saldanha 2014. 



 

Outcome Definition Specific mea- 
surementa 

Specific 
metricb 

Type of 
datac 

Method of Timing 
aggrega- 
tiond Time of 

prognosti- 
catione 

 
 
Over 
what pe- 
riod the 
outcomes 
are pre- 
dicted by 
these fac- 
torsf 

 
 
Minimum follow-up of 
the study participants 
to consider the out- 
come in the review 

 
 

1. All-cause 
hospital 
mortality 

Death from any cause occurring 
at the hospital 

Any, as reported 
by the study au- 
thors 

Value at a 
time-point 

•Dichoto- 
mous 

• Event of 
interest: 
death 

Proportion •Index prog- 
nostic factor 
(sex): to be 
measured at 
the start of 
PE diagnosis 

The 
longest 
follow-up 
provid- 
ed by the 
study au- 
thors 

None 

•Other    
2. All-cause 
hospital 
mortality 
at 30 days 

Death from any cause occurring 
at the hospital during the first 
30 days following the start of PE 
diagnosis 

Any, as reported 
by the study au- 
thors 

Value at a 
time-point 

•Dichoto- 
mous 

• Event of 
interest: 
death 

Proportion covari- 
ates: to be 
measured 
preferably 
at the start 
of PE diag- 

30 days 
from PE 
diagnosis 

All the participants must 
be followed for at least 
30 days after PE diagno- 
sisi 

nosisg    
3. All-cause 
mortality 
at 90 days 

 
 
 

4. Early 
hospital 
mortali- 
ty (during 
the first 48 
hours) 

Death from any cause occur- 
ring at the hospital or after dis- 
charge during the first 90 days 
following the start of PE diag- 
nosis 

 

Death from any cause occur- 
ring at the hospital during the 
48 hours following the start of 
PE diagnosis 

Any, as reported 
by the study au- 
thors 

 
 
 

Any, as reported 
by the study au- 
thors 

Value at a 
time-point 

 
 
 
 

Value at a 
time-point 

•Dichoto- 
mous 

• Event of 
interest: 
death 

 
•Dichoto- 
mous 

• Event of 
interest: 
death 

Proportion 90 days 
from PE 
diagnosis 

 
 
 

Proportion 48 hours 
from PE 
diagnosis 

All the participants must 
be followed for at least 
90 days after PE diagno- 
sisi 

 
 

All the participants must 
be followed for at least 
48 hours after PE diag- 
nosisi 

 
  

5. All-cause 
mortality 
at one year 

Death from any cause occur- 
ring at the hospital or after dis- 
charge during the first year fol- 
lowing the start of PE diagnosis 

Any, as reported 
by the study au- 
thors 

Value at a 
time-point 

•Dichoto- 
mous 

Proportion One year 
from PE 
diagnosis 

All the participants must 
be followed for at least 
one year after PE 

diagnosisi 
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6. PE-relat- 
ed hospital 
mortality 

 
 
 
 

7. PE relat- 
ed hospital 
mortality 
at 30 days 

 
 

8. Early 
PE-relat- 
ed hospi- 
tal mortal- 
ity (during 
the first 48 
hours) 

 
Footnotes: 

 
 
 
 

Death due to PE occurring at 
the hospital 

 
 
 
 
 

Death due to PE occurring at 
the hospital during the first 30 
days following the start of PE 
diagnosis 

 
 

Death due to PE occurring at 
the hospital during the 48 hours 
following the start of PE diag- 
nosis 

 
 
 

Preferably, death 
confirmed by au- 
topsy or death 
following a clin- 
ically severe PE, 
either initially or 
shortly after an 
objectively con- 
firmed recurrent 
event, in the ab- 
sence of any al- 
ternative diagno- 
sis (Muriel 2014)h 

 
Any, as reported 
by the study au- 
thors 

 
 
 

Value at a 
time-point 

 
 
 
 
 

Value at a 
time-point 

 
 
 
 

Value at a 
time-point 

• Event of 
interest: 
death 

 
•Dichoto- 
mous 

• Event of 
interest: 
death 

 
 

•Dichoto- 
mous 

• Event of 
interest: 
death 

 
•Dichoto- 
mous 

• Event of 
interest: 
death 

 
 
 

Proportion The 
longest 
follow-up 
provid- 
ed by the 
study au- 
thors 

 
Proportion 30 days 

from PE 
diagnosis 

 
 
 

Proportion 48 hours 
from PE 
diagnosis 

 
 
 

None 
 
 
 
 
 

All the participants must 
be followed for at least 
30 days after PE diagno- 
sisj 

 
 

All the participants must 
be followed for at least 
48 hours after PE diag- 
nosisi 

aThe specific measurement or technique/instrument used to make the measurement 

bThe specific format of the outcome data from each participant that will be used for analysis (e.g., value at a time-point or change from baseline) 

cType of data: dichotomous, continuous, ordinal, counts and rates, or time-to-event (survival) 

dHow data from each group will be summarised (e.g., mean, percentage/proportion) 

eThe time point from which the outcome will be predicted 

fThe time-point that will be used for analysis 

gWe anticipate that the studies may use different starting points to define the follow-up. For example, from the recruitment, from the diagnosis of PE, from the allocation to 
the study arm, from the admission to the hospital, from the admission to the ICU or from the start of the treatment. We will preferably use the start of the PE diagnosis, but if 
this information is not available, we will consider the time as provided by the study authors. We will assess the impact of this decision by sensitivity analysis. 

hHowever, we will admit any definition as provided by the authors 

iExcept for those participants that died or were discharged within this period 
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We attempted  to  select  a  'Core  Outcomes  Set'  for  this 
review by searching the COMET initiative database (www.comet- 
initiative.org). We found one defined and published set, but this 
focused on trials in children and therefore was not addressing our 
review question. As a consequence, we have selected the outcomes 
listed above based on the following criteria: 

1. the outcome must be critical from a patient perspective; 
2. the outcome must support decision-making in the management 

of patients with PE. 

We chose 'all-cause mortality' as a primary outcome because 
it has the greatest clinical relevance and is the most important 
outcome for individuals with PE. Furthermore, all-cause mortality 
is an objective endpoint and is not susceptible to be biased by 
the outcome assessor. We have also defined diRerent follow-up 
durations because we expect delayed eRects of PE. 

We defined all mortality outcomes as binary variables (dead or 
alive), instead of using survival methods. We took this decision 
as the quality of life of patients in the hospital can be very poor, 
so patients who die in the hospital do not benefit if the duration 
of their survival is prolonged (Schoenfeld 2005); thus, the critical 
outcome is mortality and not patient survival. Secondly, some PE 
patients may be treated in the ICU: survival analysis should be 
avoided in the ICU context (Schoenfeld 2005) because Kaplan- 
Meier survival analysis assumes that censoring is non-informative; 
that is, it considers that the hazard of death remains unchanged 
when a censoring event occurs (Wolkewitz 2014). However, this 
assumption is incorrect in the ICU, as discharged patients are 
usually in a better health condition than patients who stay. The 
assumption that censoring is non-informative therefore generates 
artificially reduced survival plots (Schoenfeld 2005). There are 
statistical solutions to treat discharge as a competing event for 
death in the ICU (Wolkewitz 2014), but we believe that from a 
clinical point of view, the relevant outcome is mortality and not 
survival. 

We will not consider all-cause mortality in the ICU or PE mortality 
in the ICU because they would only be useful if the majority of 
patients were still in the ICU at the time of analysis (Finkelstein 
1994; Schoenfeld 2005). Thus, we will consider all-cause mortality 
to include all deaths at the hospital, inclusive of ICU deaths. 

Setting 

We will  include  studies  involving  patients  with  PE  managed 
in any setting. Summaries of prognosis are not  meaningful 
unless associated with a particular strategy for treatment so that 
prognostic studies can aid decisions about treatment. This implies 
that ideally, prognostic factors should be evaluated either in a 
cohort of patients treated the same way, or in a randomised 
trial (Altman 2001). We acknowledge that combining studies with 
patients with PE managed in any setting assumes that all the 
treatments are equally eRective and that the prognosis of patients 
is independent of the setting. This may not be true. Thus, the 
variation in the eRects of the treatments may be a relevant source of 
heterogeneity in this review. We also acknowledge that diRerences 
in hospital admission rates are likely to be related to the hospital- 
and country-specific availability of hospitals, admission policies, 
insurance systems, and other factors. Therefore, the patients 
admitted may not be homogenous. However, we consider that our 
synthesis will still provide relevant information. Moreover, we will 

try to explore the role of the region where the studies were carried 
out by subgroup analysis. 

Search methods for identification of studies 

Electronic searches 

The Cochrane Vascular Information Specialist aims to identify 
all relevant studies regardless of language or publication status 
(published, unpublished, in press, or in progress). 

The Information Specialist will search the following databases for 
relevant studies: 

• the Cochrane Vascular Specialised Register via the Cochrane 
Register of Studies (CRS-Web); 

• the Cochrane Central Register of Controlled Trials (CENTRAL) via 
the Cochrane Register of Studies Online (CRSO); 

• Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & 
Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid 
MEDLINE®) (1946 onwards); 

• Embase Ovid (from 1974 onwards); 
• CINAHL Ebsco (from 1982 onwards). 

The Information Specialist has devised a draN search strategy for 
MEDLINE which is displayed in Appendix 3.This will be used as the 
basis for search strategies for the other databases listed. 

The Information Specialist will search the following trials registries: 

• The World Health Organization International Clinical Trials 
Registry Platform (who.int/trialsearch); 

• ClinicalTrials.gov (clinicaltrials.gov). 

Searching other resources 

We will screen the reference lists of retrieved included trials and of 
systematic reviews on our topic. 

We will contact experts on the topic (including authors of included 
studies, authors of systematic reviews) to identify any additional, 
unreported or ongoing studies. 

We will handsearch documents of the Organization for the Study of 
Sex DiRerences (OSSD). 

We will use the Web of Science database from Clarivate 
(clarivate.com/products/web-of-science) to track articles that 
have cited the  primary  reference  for  each  study  included 
in this review. We will also search the publisher web sites, 
PubMed (www.ncbi.nlm.nih.gov/pubmed) and the Retraction 
Watch database (www.retractionwatch.com) for retractions and 
comments related to references of included studies. 

We will search for conference abstracts of major symposia from 
2010. 

1. Meetings of the OSSD: 5th edition (2010) to 14th edition (2019) 
2. European Respiratory Society (ERS): 2010 to 2019 
3. International Society of Thrombosis and Haemostasis (ISTH): 

2010 to 2019 
4. American Thoracic Society (ATS): 2010 to 2019 
5. American Society of Hematology (ASH): 2010 to 2019 
6. CHEST congress (CHEST): 2010 to 2019 

http://www.comet-initiative.org/
http://www.comet-initiative.org/
http://who.int/trialsearch
http://clinicaltrials.gov/
http://clarivate.com/products/web-of-science
https://www.ncbi.nlm.nih.gov/pubmed
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7. Acute Cardiovascular Care (ACC): 2010 to 2019 
8. European Society of Cardiology (ESC): 2010 to 2019 

Data collection and analysis 

Selection of studies 

Two of six review authors (BF, CAQL, DJ, ES, JLA, RP), will 
independently check all titles and abstracts for inclusion. We 
will classify the titles and abstracts into four groups: 'obviously 
irrelevant', 'potentially eligible', 'potentially excluded' or 'unclear'. 
We will obtain the full-text version of those records classified as 
'potentially eligible', 'potentially excluded' or 'unclear'. Two of six 
review authors (BF, CAQL, DJ, ES, JLA, RP) will independently 
assess the eligibility of each selected full-text article. We will 
resolve disagreements by consensus. In the case of disagreement, 
a third review author (one of AM, DJ, JLA or JZ) will serve as a 
neutral arbiter. There will be no restriction on language or date of 
publication of the papers. 

If necessary, we will ask the study authors for clarification. If we 
cannot clarify the issues and we cannot exclude the study for any 
reason we will put these studies into 'awaiting classification'. 

We will use the EPPI-Reviewer web-based soNware (Park 2018) to 
implement the selection process. We will complete a PRISMA flow 
chart to describe the selection process (Liberati 2009). We will also 
create tables describing the characteristics of excluded studies. 
These tables will detail the main reason for exclusion for studies 
that a reader might otherwise expect to see included in the review. 

If there are multiple reports of the same study or data sets that 
overlap, we will collate them so that each study (not each report), is 
the unit of interest in the review. We will extract data from the data 
set with the largest sample size, most detailed results and the most 
appropriate follow-up. 

We will exclude studies that fulfil all our review eligibility criteria, 
except the outcomes, i.e. studies in which no outcome of interest for 
the review was assessed or reported. For example, we will exclude 
a phase-2 prognostic study that aimed to determine whether sex 
is an independent prognostic factor for predicting the length of 
stay of patients with PE. We acknowledge that the exclusion of 
studies based on the reporting of the outcomes will hamper our 
evaluation of the risk of bias derived from selective outcome 
reporting. However, we anticipate that including all prognostic 
studies independently of the outcome reported will generate a 
workload that unaRordable to the team resources. On the other 
hand, we will not exclude studies based on their timing. For studies 
reporting several follow-ups for the same outcome, we will choose 
the most appropriate one for analysis. 

Data extraction and management 

Two of five review authors (BF, CAQ, DJ, ES and JLA) will 
independently extract data of each included study. We will use a 
consensus method to agree on the final extraction. A third review 
author (JZ or JLA) will intervene if there are disagreements. A third 
review author (AM) will check the accuracy of the numeric data 
in the review. We will try to obtain crucial missing information or 
clarification from study authors or organisations. If necessary, we 
will translate the included reports. We will examine any relevant 
retraction statements and errata for relevant information regarding 
each included study. 

We will use the CHARMS-PF guidance to extract data (Riley 2019). 
This form adapts the original CHARMS checklist (CHecklist for 
critical Appraisal and data extraction for systematic Reviews of 
prediction Modelling Studies) for prognostic factor studies (Moons 
2014), based on the experience of conducting systematic reviews 
of prognostic factor studies (Riley 2019). We will extract key 
information from each primary study. 

• Dates, country and setting in which the study was conducted 
• Study design 
• Eligibility criteria 
• Participants details 
• Pulmonary embolism diagnostic criteria 
• Treatment details 
• Details of the prognostic factor: 

* Sex definition 
* Sex measurement (for example, self-reported or by 

genotyping of blood sample) 
• Definition of start points 
• Outcomes reported 
• For each review outcome, we will extract the information as 

described in the 'Types of outcome measures' section (Saldanha 
2014) 

• Duration of study follow-up 
• Type of analysis: 

* Explanatory/confirmatory 
* Presence of a valid study registration 
* Presence of a valid protocol 
* Logistic regression/Cox regression 
* Adjustment done for other prognostic factors (if any) to 

estimate the prognostic association 
* The covariates used in the adjusted analysis 
* Age limit used to dichotomise age or other variables (if 

adopted) 
• Association measures for the prognostic factor and each review 

outcome: 
* Type of association measure, e.g. odds ratios (ORs), risk ratios 

(RRs) hazard ratios (HRs) 
* Confidence interval (CI), variance and standard error (SE) 
* Details on any adjustment factors used 
* We plan to extract the unadjusted and the adjusted measure 

of association (if available) 
• Methods used to handle missing data 
• Attrition: 

* Loss to follow-up 
* Reasons 

• Information to assess applicability 
• Information to assess risk of bias 
• Data needed to perform the meta-analyses, such as the 

estimates, and their corresponding standard errors or 
confidence intervals. 

We will use the online EPPI-Reviewer soNware (Park 2018), to 
build the data extraction templates and extract the data. We will 
pilot the data extraction form with five studies for usability. We 
will summarise the information retrieved in a table detailing the 
characteristics of each included study. 
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Transformations of reported data and assumptions made 

The two key elements that must be extracted from each primary 
study to estimate the eRect of a prognostic factor with a meta- 
analysis are the prognostic factor eRect estimate and its precision 
(that is, the SE or the 95% CI) (Riley 2019). If needed, we plan 
to undertake transformations of reported data to use data from 
as many studies as possible. Thus, we will attempt to restore the 
missing information and to standardise the data to our desired 
format. 

To convert the data, we plan to follow the guidance described 
in Westby 2018 ('Measures of association' section), Riley 2019 
('Methods to restore the missing information upon data extraction' 
section), and the Cochrane Handbook Section 7.7 (Higgins 2011) 
and Section 12.5.4 (Schünemann 2011). If needed, we will perform 
the conversions with the calculator available in Review Manager 
5.3 (Review Manager 2014). Before concluding that the necessary 
information to calculate a prognostic association is not available, 
we will consult Cochrane Prognosis Methods. 

We will present the associations consistently, that is, associations 
above one will indicate a worse prognosis for women (higher 
mortality). If necessary, we will recalculate the associations to be in 
the same direction. 

As stated below in 'Type of measure of association', we will 
attempt to consider the OR and its 95% CI as the common 
measure of prognostic association in all the studies. We will also 
try to convert the combined OR to an absolute risk reduction 
(ARR) to facilitate its interpretation. To compute the ARR from 
an OR, we will use the Absolute Risk Calculator provided by 
the Health Information Research Unit at McMaster University 
(hiru.mcmaster.ca/AbsoluteRiskCalculator). We will also obtain the 
lower and upper limits of the CI 95% of the ARR by applying the 
same formula to the lower and upper confidence limits of the 
adjusted OR. 

Assessment of risk of bias in included studies 

Tool to assess the risk of bias 

We will use the QUIPS (Quality In Prognosis Studies) tool to assess 
the risk of bias (RoB) (Hayden 2013; Riley 2019). The tool has six 
domains (with signalling questions related to each domain that can 
inform judgments of RoB in prognostic research): 

1. Study participation 
2. Study attrition 
3. Prognostic factor measurement 
4. Outcome measurement 
5. Adjustment for other prognostic factors 
6. Statistical analysis and reporting 

For each study, we will label the six domains for each prognostic 
factor-outcome combination. Therefore, we will assess the RoB per 
outcome. We will make a judgement for each domain choosing one 
of the following options (Riley 2019): 

• Low risk: the criterion is adequately fulfilled in the study 
• High risk: the criterion is not adequately fulfilled in the study 
• Moderate risk: there is not suRicient information provided to be 

able to make a clear judgement on the RoB. 

We will detail and justify judgements on RoB in a 'Risk of bias table' 
for each included study. We will also generate RoB graphs and 
figures. 

Overall assessment of the risk of bias and incorporation into 
analyses 

All the tool domains will be 'key domains' for RoB. Thus, we 
will summarise the RoB for each prognostic factor-outcome 
combination in two diRerent manners, 'within each study' and 
'across studies' (Higgins 2011). 

 
 

Interpretation Risk of bias for each prognostic factor-outcome combination 

 
Within each study across different Across studies 
domains 

Low risk of Plausible bias unlikely to se- Low risk of bias for all key domains Most information is from studies at low 
bias riously alter the results risk of bias 

Moderate risk Plausible bias that raises Moderate risk of bias for one or more Most information is from studies at low 
of bias some doubt about the results key domains (and no domain is rated or moderate risk of bias 

as high risk) 

High risk of Plausible bias that seriously High risk of bias for one or more key The proportion of information from 
bias weakens confidence in the 

results 
domains studies at high risk of bias is sufficient 

to affect the interpretation of results 

 
 

We will describe the RoB among the included studies in the results 
section. Also, we will consider the RoB across studies for each 
prognostic eRect estimation, as part of the determination of the 
quality of the evidence with the GRADE system (Guyatt 2011). 

 
We will meta-analyse studies independently of their RoB, but we 
will explore the eRect of this decision by carrying out a sensitivity 
analysis. 

http://hiru.mcmaster.ca/AbsoluteRiskCalculator
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Procedure to assess the risk of bias 

Two of five review authors (AM, BF, DJ, ES, JLA) will independently 
appraise all the domains of the QUIPS tool for each included 
study. We will agree on the final judgements for each domain via 
consensus. A second review author (JLA or JZ) will intervene if 
there are disagreements. A third review author (AM) will check the 
final decisions. If the study report does not provide information 
for a domain, or this information is not clear, we will follow a 
three-stage process. First, we will consult other publications that 
may have used the same data set (which is frequent in prognostic 
studies based on large existing cohorts) (Riley 2019). Second, if we 
cannot solve the doubt, we will attempt to contact the authors 
for clarification. Third, if we do not clarify the issue, we will make 
judgments based on the available information and the consensus 
between the review authors. We will not be blinded to study 
authors, institution or journal of publication. 

As suggested in Riley 2019, we will define in advance criteria to 
assess the signalling items and domains for our specific review 
question, as this will probably facilitate reproducibility in our 
judgements. In particular, we will use our data extraction template 
in EPPI-reviewer (Park 2018) to define the following key aspects, 
many of them already pre-defined in this protocol: 

1. Study participation 
2. Attrition 
3. Definitions of suRiciently valid and reliable measurement of the 

index prognostic factors (see 'Types of prognostic factors') 
4. Definitions of suRiciently valid and reliable measurement of the 

outcomes (see 'Types of outcomes') 
5. The core set of other (adjustment) prognostic factors that are 

deemed necessary for the primary studies to adjust for (see 
'Comparator prognostic factors' and Appendix 3). 

Measures of association to be extracted 

Type of measure of association 

We will attempt to consider the OR and its 95% CI as the measure 
of prognostic association in all the studies. We have chosen this 
measure because we anticipate that the OR will be the most 
common measure used in the primary studies: it is the only 
measure for dichotomous outcomes that can be estimated from 
case-control studies, and OR is obtained when logistic regression 
is used to adjust for confounders (Reeves 2011). If results from 
multivariable analyses in the primary studies are reported in 
another form, we will attempt to convert these to ORs at a particular 
time point (See 'Data extraction and management' above). If we 
find a study reporting a hazard ratio (HR), we will not attempt to 
convert the HR to OR and we will perform meta-analysis based on 
HRs. 

Adjusted prognostic effect estimates 

We will extract the adjusted measure of association for each study 
and prognostic eRect estimate. We acknowledge that the studies 
providing the adjusted prognostic eRect of a particular factor can 
diRer in the set of adjustment covariates or in the cut-oR used to 
dichotomise the covariates. This makes the interpretation of the 
meta-analysis challenging (Riley 2019). We agree that age, history 
of cancer, history of chronic cardiopulmonary disease, heart rate, 
systolic blood pressure, and O2 saturation will be the core set of 
adjustment factors for each review outcome. 

If a study provides adjusted estimates but not adjusted for our 
minimal set of adjustment factors, we will meta-analyse the study, 
but we will 'penalise' the estimate as part of the RoB assessment 
(we will assess the impact of this decision by sensitivity analysis). If 
less than four of the key factors are adjusted for in the study, it will 
be assessed as high risk of bias in the adjustment domain of the risk 
of bias tool. However, if four or more of the key factors are adjusted 
for, the study will be defined as low risk of bias for this domain. If 
the study only adjusted for PESI/sPESI but did not detail for which 
individual factors they had adjusted, we will mark the RoB domain 
as moderate. 

If the same study presents diRerent estimates for the same 
outcome, each of them adjusted for diRerent factors, we will extract 
for meta-analysis the estimate that has adjusted for the maximum 
number of our key covariates. If there are several estimations, all 
of them having adjusted for our key covariates, we will consider 
the estimate adjusted for more of our key covariates in total. We 
assume that this will minimise the risk of confounding bias in the 
estimation. 

Concerning the dichotomisation of our key covariates, we will 
accept any cut-oR used by the primary authors. We acknowledge 
that diRerent cut-oRs for the same covariate will occur among 
studies and that this situation may aRect the prognostic estimate 
obtained in our review. Thus, we will perform sensitivity analysis 
to assess the impact of our decision by excluding studies that have 
adjusted for PESI (or PESI simplified) measured as a categorical 
variable. 

Direction of the associations 

We will present the associations consistently, that is, associations 
above one will indicate a worse prognosis for women (higher 
mortality). See 'Data extraction and management' for how we will 
recalculate associations to be in the same direction. 

Unit of analysis issues 

The prognostic factor (sex) and outcome (mortality) will both be 
considered at the patient level. Thus, we do not anticipate that 
there will be unit of analysis errors (Deeks 2011). However, in 
the case that we find any unit of analysis error which cannot 
be handled, we will meta-analyse the estimation, but take into 
account the associated RoB as part of the domain 'Statistical 
analysis and reporting' of the RoB assessment. 

Dealing with missing data 

We plan to include all the studies that investigated the role of sex as 
a prognostic factor in patients with PE regardless of the presence of 
missing data. We plan to contact study authors to request missing 
data. For all the review outcomes we will consider the follow-up 
to start aNer PE diagnosis. However, if the study reports only the 
follow-up from other time points, such as the start of the treatment 
or the start of the symptoms, we will use this data for the analyses. 

We acknowledge that the presence of diRerent strategies in the 
included studies to handle missing participant data may introduce 
heterogeneity in the results. We plan to repeat the meta-analysis to 
assess the eRect of excluding studies that did not adopt multiple 
imputation techniques to deal with missing values. 
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Assessment of heterogeneity 

We expect that heterogeneity between the included studies will be 
common (Riley 2013). We plan to synthesise all the associations 
found about the prognostic eRect of sex with mortality outcomes in 
patients with PE. We do not expect to meta-analyse the prognostic 
within relevant subgroups. However, we will assess the presence of 
heterogeneity following a two-step process. 

• Assessment of clinical and methodological heterogeneity 

We plan to meta-analyse all the studies regardless of their clinical 
characteristics and their study design (as we plan to evaluate 
a potential association and not causation). However, we will 
attempt to use subgroup analyses to explore possible causes of 
heterogeneity that are clinical or methodological (see 'Subgroup 
analysis and investigation of heterogeneity'). 

• Assessment of statistical heterogeneity of the results 

We will assess the statistical heterogeneity across the meta- 
analysed results considering the following factors: 

• Identification of heterogeneity 
* Visual inspection of the prognostic  eRect  estimates: 

we will  display  graphically  the  results  of  clinically 
and methodologically comparable studies with forest 
plots, and we will assess the possibility of statistical 
heterogeneity visually. 

* The Chi2 P value: we will use the chi-squared test for 
identifying heterogeneity (Chi2 P value < 0.10 will be 
significant) (Deeks 2011). 

• Quantification of heterogeneity 
* Use of the I2 statistic: the IZ statistic describes the 

percentage of the total variation across studies that is 
due to heterogeneity rather than sampling error (chance) 
(Higgins 2003). We will define an IZ estimate greater 
than or equal to 50% and accompanied by a statistically 
significant Chi2 P value as evidence of substantial 
statistical heterogeneity (Chapter 9. Cochrane Handbook) 
(Section 9.5.2; Deeks 2011). 

* Use of the Tau2 and the 95% prediction interval: we will 
also measure the heterogeneity using the estimate of 
between-study variance (Tau2) in a random-eRects model, 
as reliance on the IZ statistic in assessing heterogeneity 
may be misleading (Rucker 2008). We will also report 
an approximate 95% prediction interval indicating the 
potential true prognostic eRect of a factor in a new 
population (Riley 2011; Riley 2019). 

We will try to explain heterogeneity by conducting subgroup 
analyses (if the number of studies found is suRicient). See 
'Subgroup analysis and investigation of heterogeneity'. 

Assessment of reporting biases 

We plan to examine the presence of 'small-study eRects', that is, the 
presence of a systematic diRerence in prognostic eRect estimates 
for small studies and large studies (Riley 2019; Sterne 2011). We will 
assess publication bias for each meta-analysis (if the meta-analysis 
includes at least ten studies) by: 

• Visual inspection of the funnel plot: we will interpret as a strong 
potential for small-study eRects the apparent asymmetry of the 
funnel plot with a higher proportion of smaller studies in one 
particular direction (Riley 2019). 

• Use of test for asymmetry; we will also test for asymmetry at the 
10% level using the Peters' test for ORs (Peters 2006; Riley 2019; 
Sterne 2011). 

• Interpretation of small-study eRects: we will interpret the 
presence of small-study eRects with caution as it may be due 
chance, heterogeneity, publication bias and selective reporting. 
All these situations are frequent in prognosis research (Kyzas 
2007a; Kyzas 2007b; Riley 2019) and it is diRicult to disentangle 
them (Riley 2019). We will consider that small-study eRects 
are caused by heterogeneity rather than by publication bias 
if the smaller studies used fewer adjustment factors for the 
analysis. This may explain why these small studies presented 
larger prognostic eRects. 

Data synthesis 

Data synthesis and meta-analysis approaches 

We plan to combine the results from individual studies in a meta- 
analysis to provide a pooled prognostic eRect estimate only if the 
following criteria are met: 

• there are enough studies (at least two studies); 
• the studies are suRiciently homogeneous: 

* the studies are clinically similar in terms of population and 
sex measurement; 

* the studies are  methodologically  similar:  we  will 
consider that all phase-2 prognostic factor studies are 
methodologically comparable studies to determine a 
prognostic association (independently of their design). 
However, we plan to explore if the study design explains 
heterogeneity (see subgroup analysis); 

* the outcomes are measured at similar follow-up points; 
* the outcomes are measured with similar measurement tools; 
* the studies have the same type of prognostic eRect estimate 

measure, that is, an OR and 95% CI (or, at least, this 
information can be obtained); 

* the prognostic eRect estimate has been adjusted for at 
least one factor (independently of the factors considered for 
adjustment). If a study presents the unadjusted measure only 
(raw data), we will not include this data for analysis. 

Statistical model for meta-analysis 

We will not assume a common (fixed) prognostic eRect of sex on 
mortality. We anticipate that the prognostic eRect estimates will 
vary among studies due to several reasons, in particular, due to the 
presence of diRerent study populations, designs, prognostic eRect 
measures (OR and RR), unavailability of SE, diRerent time points 
and measurement of the outcomes, various sets of adjustment 
factors and due to missing data (Riley 2019). Thus, we will assume 
that there is not a single underlying prognostic eRect to estimate 
and therefore the heterogeneity among the study eRects cannot 
be explained by chance alone and follow a distribution across 
studies (Deeks 2011). However, we still consider that the underlying 
clinical questions will be similar enough and pooling will be 
meaningful if the extra uncertainty due to that heterogeneity is 
adequately represented (Cornell 2014). Therefore, we will apply 
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a random-eRects model, which is an approach for meta-analysis 
that incorporates study-to-study variability beyond what would be 
expected by chance (Cornell 2014), and that allows for unexplained 
heterogeneity across studies (Riley 2019). 

The DerSimonian and Laird (DL) method is the most commonly 
used random-eRects model, and is available in Review Manager 5 
statistical soNware (Review Manager 2014). However, this method 
has long been challenged (Veroniki 2019) because it produces a 
95% CI that is too narrow (and P values that are typically too 
small) under two circumstances that this review will probably 
meet: a small number of studies and the presence of substantive 
diRerences among study estimates (Cornell 2014; Riley 2019). 
Therefore, we plan to use the Hartung-Knapp-Sidik-Jonkman 
(HKSJ) method for random eRects meta-analysis, as it has shown 
to consistently result in more adequate error rates than the DL 
method, especially when the number of studies is small (IntHout 
2014). However, we will take into consideration that even with the 
HKSJ method, extra caution is needed when there are less than 
six studies of very unequal sizes (IntHout 2014). We plan to use 
the Cochrane Review Manager 5 soNware (Review Manager 2014) 
for organising the text of the review. We will use the 'metareg' 
command in Stata to perform the meta-analysis with the HKSJ 
method (Harbord 2008). 

We plan to combine results in a meta-analysis independently of 
their RoB and the factors considered for adjustment. However, we 
will assess the impact of this decision by sensitivity analysis. We 
also plan to evaluate the influence of the statistical model used 
to pool data on the prognostic eRect estimate (see 'Sensitivity 
analysis'). 

If we find relevant unexplained statistical heterogeneity, we will 
still meta-analyse the data, but we will downgrade the certainty 
of the prognostic eRect estimate as part of the GRADE assessment 
(see below). If we detect that the meta-analysis is inappropriate 
for other reasons, we will not combine results. However, we will 
undertake a narrative analysis of studies, providing a descriptive 
presentation of results with supporting tables. 

If there are enough studies, we will follow the guidance in Riley 
2019, which states that if restricting the analysis to the subset of 
studies at low RoB resolves previous issues of small-study eRects, 
then it gives even more credence to focus conclusions on the meta- 
analysis results based only on the studies with low risk of bias. 

Presentation of results 

For the meta-analysis of each prognostic eRect estimate we plan to 
provide the pooled estimate based on the random-eRects approach 
(the average prognostic eRect of sex), its Hartung-Knapp 95% CI, 
the I2, the estimate of Tau2 (between-study variance) and the 95% 
prediction interval for the prognostic eRect in a single population, 
as done in Westby 2018 and suggested in Riley 2011 and Riley 2019. 

An OR larger than one will suggest that female sex is associated 
with higher odds of mortality. For relative eRects, we will define 
the clinical importance of the observed prognostic associations as 
follows: small: OR < 1.2; moderate: OR between 1.2 and 2; large: OR 
> 2. For absolute risk diRerences, we will consider an absolute risk 
of 5% (50 per 1000) as the threshold for identifying an important 
prognostic factor. 

The meaning of OR is diRicult to understand (Boissel  1999; 
Deeks 2011; Sackett 1996; Sinclair 1994). Moreover, ORs tend to 
be interpreted as RRs by clinicians (Deeks 2000). This can be 
misleading, as the OR is similar to the RR for outcomes with a 
low incidence (< 10%), but the OR exaggerates the eRect when 
the incidence of the outcome increases (Zhang 1998). This may 
be the case in our review, because all-cause mortality in patients 
who are treated for PE is 30% in high-income countries (Klok 
2010; Ng 2011), while the PE-related mortality in patients treated 
for PE is estimated between 2% and 10% (Belohlavek 2013; den 
Exter 2013; Konstantinides 2016). To facilitate interpretation of the 
results, we will undertake each meta-analysis based on ORs, and 
express the meta-analysis as an OR. However, the 'Summary of 
findings' table(s) will also present illustrative comparative risks and 
the absolute risk reductions (ARR) for the eRect of the prognostic 
factor. To calculate the ARRs we will consider a range of diRerent 
prevalences of the prognostic factor (being a female) and diRerent 
risks of the outcome in the entire cohort. See 'Transformations of 
reported data and assumptions made' for details on the formula we 
will use to convert the data. 

Subgroup analysis and investigation of heterogeneity 

We plan to investigate if the following prespecified factors can 
explain heterogeneity If there are at least two studies per subgroup: 

• Assessment of clinical heterogeneity 
* Mean participants' age: less than 45 years versus older than 

45 
* Setting: patients managed at the hospital versus patients 

managed at the outpatient setting 
* Measurement of the prognostic factor (sex): measured at 

the start of PE diagnosis versus measured at the start of PE 
treatment 

* Treated for PE: participants treated for PE versus 
participants not treated for PE. It is estimated that in Europe 
around 30% of PE-related deaths occur before receiving 
any treatment for PE (Belohlavek 2013). Moreover, these 
numbers can be even higher in low resource settings 
(Wendelboe 2016) 

* Reperfusion treatment for PE: patients who received 
reperfusion treatment for PE (thrombolysis or surgical 
embolectomy) versus patients who did not 

* Haemodynamic status: stable versus unstable (as defined 
by the study authors) 

* Geographic region: Europe and North America versus other 
regions 

• Assessment of methodological heterogeneity 
* Study design: experimental studies versus cohort studies 

versus case control studies 
* Study design: experimental studies versus observational 

studies 
* Risk of bias: studies with high RoB versus studies with low or 

moderate RoB 

Sensitivity analysis 

We plan to undertake the following sensitivity analysis if there are 
suRicient studies. 

• We will repeat the meta-analysis to assess the eRect of including 
only studies with prospective assessment of outcomes. 
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• We will repeat the meta-analysis to assess the eRect of including 
only observational studies. 

• We will repeat the meta-analysis to assess the eRect of excluding 
the studies that the Index prognostic factor (sex) was measured 
at the start of PE treatment (instead of diagnosis). 

• We will repeat the meta-analysis to assess the eRect of 
excluding studies that have used routinely collected hospital 
administrative databases. 

• We will repeat the meta-analysis to assess the eRect of 
excluding studies that have adjusted for PESI (or PESI simplified) 
measured as a categorical variable. 

• We will repeat the meta-analysis to assess the eRect of excluding 
studies with high RoB. 

• We will repeat the meta-analysis to assess the eRect of excluding 
studies that have provided an adjusted estimate but that did not 
adjust for all our core set of covariates. 

• We will repeat the meta-analysis to assess the eRect of excluding 
studies that did not adopt multiple imputation techniques to 
deal with missing participant data. 

• We will repeat the meta-analysis to assess the eRect of using a 
fixed-eRect model. 

• We will repeat the meta-analysis based on the DL method. 

Conclusions and summary of findings 

We will assess the certainty of the body of evidence for each 
prognostic eRect estimation according to the recommendations 
of the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) working group (GRADE 2013). We will use 
the adapted GRADE approach for questions on prognostic factors 
(Foroutan 2020; Huguet 2013; Iorio 2015; Westby 2018). GRADE 
initially considers evidence from phase 2 studies as high certainty. 
However, this initial certainty of evidence can be modified, based 
on the following criteria: 

• Criteria for downgrading confidence in the prognostic eRect 
estimate: RoB, inconsistency, imprecision, indirectness and 
publication bias 

• Criteria for upgrading confidence in the prognostic eRect 
estimate: large eRect 

We will consider that the best evidence regarding a prognostic 
factor normally comes from observational studies (cohort studies, 
registries, or database linkage studies). Thus, we will provide an 
initial high-certainty rating to the body of the evidence based 
on these studies (Foroutan 2020; Iorio 2015). On the other hand, 

the certainty of the evidence for secondary analyses of RCTs will 
be probably lower due to the presence of restrictions of patients 
relevant for our review questions (Foroutan 2020). We will assess 
these restrictions as part of the assessment of indirectness with 
GRADE. 

We will not consider the phase of investigation of studies in our 
assessment of the strength of the evidence available, as only phase 
2 studies will be eligible. 

We will use GRADEproGDT soNware (GRADEpro-GDT 2015) to create 
'Summary of findings' tables with the main results of the review, 
including the certainty of the body of evidence related to each 
outcome. All the review outcomes are critical for decision making, 
so they will be included in the table. The 'Summary of findings' 
table will contain all decisions to down- or upgrade the certainty 
of the evidence with footnotes, and provide explanations to help 
the reader's understanding of the review where necessary. Two 
review authors (JLA, ES) will assess the certainty of the evidence 
found for each outcomes. Another review author (AM) will check the 
assessments. We have included a template 'Summary of findings' 
table in Table 2. We will create one table for each of the main 
comparisons of the review (if there are more than one). 
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Table 2. DraK 'Summary of findings' table (Continued)  
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Table 2. DraK 'Summary of findings' table (Continued) 

sus 
male) 

 

 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 
95% confidence interval) is based on the assumed risk in the comparison group and the relative eFect of the intervention (and its 95% CI). 
Abbreviations: 
CI: confidence interval; OR: odds ratio; PE: pulmonary embolism 
GRADE Working Group grades of evidence: 
High certainty: Further research is very unlikely to change our confidence in the estimate of eRect. 
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of eRect and may change 
the estimate. 
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of eRect and is likely to change 
the estimate. 
Very low certainty: We are very uncertain about the estimate. 

 
 

A P P E N D I C E S 

Appendix 1. Study design features 

There is no standardised nomenclature for non-randomised studies (NRS), and this can cause problems when defining the types of studies 
to include in a systematic review and when deciding on the eligibility of the primary studies (Lopez-Alcalde 2018; Polus 2017; Reeves 2011; 
Tugwell 2017). We consider here explicit study design features (not only the study design labels) to define the design eligibility. Moreover, we 
will take these features into account when assessing studies for selection. The Cochrane Non-randomised Studies Methods Group (NRSMG) 
(Reeves 2011), proposes to define items 1 to 5. We will also consider additional criteria relevant for prognostic studies (items 6 to 9). 

1. Unit of allocation (individual or group level): not applicable as there is no allocation of an intervention in our review question 
2. Comparison: between two groups of participants (males and females) 
3. Method of allocation of study participants to groups (randomised or not randomised): not applicable as there is no allocation of 

an intervention in our review question 
4. Prospective or retrospective character of each study part: any. We will also include studies that did not describe if they were 

prospective or retrospective (as these aspects are rarely reported): 
a. Identification of participants: prospective, retrospective or unclear 
b. Assessment of baseline: prospective, retrospective or unclear 
c. Evaluation of outcomes: prospective, retrospective or unclear 
d. Generation of hypothesis: prospective, retrospective or unclear 

5. Variables to assess the comparability between study groups: 
a. Potential additional prognostic factors 

i. For a study to be eligible, we will require that the study has tried to determine the adjusted prognostic value of sex - that is, 
its prognostic value independently of other existing prognostic factors such as age, or history of cancer. Thus, for a study to 
be eligible it should have taken into consideration additional prognostic factors (apart from sex) by using a particular design 
approach to control for confounding, or by using a specific method to measure and adjust for confounding in the analysis. We will 
not require the consideration of specific covariates, the use of a particular design approach to control for confounding, or the use 
of a particular method to measure and adjust for confounding in the analysis. Our data extraction and risk of bias assessments 
will consider the covariates that were measured, controlled (by the study design) and adjusted (by the analysis). See below 
'Comparator' and Appendix 2 for additional prognostic factors 

b. Baseline assessment of outcome: not applicable, as we will not require this criterion for inclusion 
6. Temporal sequence: we will only include longitudinal studies, that is, studies that collect data over a period of time. Thus, we will 

exclude cross-sectional studies (studies that collect data only once and in one short period of time). We considered admitting cross- 
sectional studies for two reasons. First, our review question does not aim to test a causal association between sex and the outcomes. 
Second, we know the temporal sequence as the potential prognostic factor (sex) always comes before any outcome. However, we 
excluded cross-sectional studies because they do not allow the assessment of the proper temporal sequence for the study covariates. 

7. Phase of prognostic factor investigation: phase 2-confirmatory. That is, explanatory research aimed to confirm an independent 
association between a potential prognostic factor (sex) and the outcome of interest. A phase-2 study seeks to measure the independent 
eRect of a prognostic factor while controlling for other factors (Hayden 2008; Hayden 2014), and is recognisable by its objective 
statement that outlines a specific prognostic factor of interest (Hayden 2008). 

8. Follow-up period to measure the outcome: as defined for each outcome (see below). 
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9. Data sources used in the study: studies will be eligible independently of their data origin (data collected exclusively for research 
purposes or based on administrative databases). For example, a phase-2 prognostic study based on a database obtained for a 
randomised controlled trial would be eligible. On the other hand, we acknowledge that there is an ongoing controversy about the 
accuracy of administrative databases for the identification of PE cases (Burles 2017); these studies will be eligible as well, but we will 
assess the impact of this decision by sensitivity analysis. 

Appendix 2. Key covariates for the adjustment of mortality estimates in patients with pulmonary embolism 

We identified the key covariates for adjustment both from non systematic review of the literature, and in discussion with clinicians of the 
review team according to the following process. 

 
 
 

 

Step Method Potential additional prognostic fac- 
tors 

Source 

 
 

1. Preliminary search- 
es to identify potential 
prognostic factors on 
mortality in patients 
with pulmonary em- 
bolism 

1. PubMed search:“pulmonary em- 
bolism”[Title]) AND “prognostic fac- 
tor”[Title] 

2. Embase search: 'prognostic factor':ti 
AND 'pulmonary embolism':ti 

3. Initial discussion with review team 
members 

Red cell distribution width Sen 2014 

Right ventricular dysfunction (RVD) Cho 2014 

Glomerular filtration rate Gibietis 2019 
 

Hyponatremia Scherz 2010 
 

Leukocytes Jo 2013 
 

 

SIRS Jo 2013 
 

 

2. Identify prognostic 
models for mortality 
in patients with pul- 
monary embolism 

We considered the factors considered 
in the simplified PESI prognostic mod- 
el (Jimenez 2010) 

• Age 
• History of cancer 
• History of chronic cardiopulmonary 

disease 
• Heart rate 
• Systolic blood pressure 
• O2 saturation 

Jimenez 2010 

 
 

3. Prioritisation of ad- 
ditional prognostic 
factors in GRADEPro 
GDT (GRADEpro-GDT 
2015) 

a. We circulated the preliminary list of prognostic factors to our systematic review team. 

b. The review authors commented on the factors already listed and/or added new ones to the list. 

c. The review team received a new revised list and were asked to prioritise the factors, ranking them from 1 
to 9, with 1 being of least importance and 9 of the highest importance. 

d. We sent a new list of potential prognostic factors to group the factors according to their relative impor- 
tance (1 to 3 points: not relevant; 4 to 6 points: important; 7 to 9 points: critical). 

e. We asked the review team to confirm the final list of key additional prognostic factors. 
 

 

4. Final decision We agreed the final list of covariates 
 

 
 

Appendix 3. MEDLINE search strategy 

1 Pulmonary Embolism/ 

2 Thromboembolism/ 

3 Thrombosis/ 

4 exp Venous Thromboembolism/ 
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5 exp Venous Thrombosis/ 

6 ((vein* or ven*) adj thromb*).ti,ab. 

7 (blood adj3 clot*).ti,ab. 

8 deep vein thrombosis.ti,ab. 

9 (lung adj3 clot*).ti,ab. 

10 (DVT or VTE).ti,ab. 

11 peripheral vascular thrombosis.ti,ab. 

12 post-thrombotic syndrome.ti,ab. 

13 pulmonary embolism.ti,ab. 

14 (pulmonary adj3 clot*).ti,ab. 

15 (thrombus* or thrombopro* or thrombotic* or thrombolic* or thromboemboli* or thrombos* or embol* or microembol*).ti,ab. 

16 venous thromboembolism.ti,ab. 

17 or/1-16 

18 exp Sex Factors/ 

19 exp Sex Characteristics/ 

20 exp Sex Distribution/ 

21 exp Sex/ 

22 exp Sex Ratio/ 

23 exp Women's Health/ 

24 exp Men's Health/ 

25 boy*.ti,ab. 

26 female*.ti,ab. 

27 gender.ti,ab. 

28 girl*.ti,ab. 

29 male*.ti,ab. 

30 maternal.ti,ab. 

31 men.ti,ab. 

32 postnatal.ti,ab. 

33 pregnan*.ti,ab. 

34 sex.ti,ab. 

35 women.ti,ab. 

36 or/18-35 

37 17 and 36 

38 exp Mortality/ 

39 exp Follow-Up Studies/ 
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40 exp Incidence/ 

41 exp Survival Analysis/ 

42 prognos*.ti,ab. 

43 predict*.ti,ab. 

44 course*.ti,ab. 

45 "disease history".ti,ab. 

46 mortality.ti,ab. 

47 outcome*.ti,ab. 

48 or/38-47 

49 37 and 48 

50 exp animals/ not humans.sh. 

51 49 not 50 
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After carrying out a preliminary search in Medline for studies to be included in the “Sex as a 

prognostic factor in patients with symptomatic acute pulmonary embolism” review and also 

after carrying out another PF SR I realised that it was necessary to create a search filter for 

prognostic factor studies. To my knowledge, a filter for PF studies does not yet exist. There 

are general prognosis filters available such as the Haynes clinical queries filter in PubMed, 

but these are not specific for prognostic factors and end up retrieving a lot of studies that 

are not relevant. 

Prognostic factor systematic review searches that are carried out without the use of a 

prognostic filter can retrieve up to 110,000 studies that must be manually screened. In the 

SR of pulmonary embolism our search retrieved 113,000 references. In our PF SR on sepsis 

the search retrieved 30,000 before we decided to add a general prognosis filter. This many 

references to screen is not feasible when you have a small research team and limited 

resources to carry out the project, so, the development of the PF filter arose from the 

necessity to reduce the number of references to screen to a more manageable size for 

systematic reviewers. 
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Abstract 
 

Background: Systematic reviews (SRs) are valuable resources as they address specific clinical 

questions by searching and summarizing all existing relevant studies. However, finding all 

information to include in systematic reviews can be challenging. To facilitate a comprehensive 

identification of studies, methodological search filters have been developed to find articles related to 

specific clinical questions. To our knowledge, no filter exists for finding studies on the role of 

prognostic factor (PF). We aimed to develop and evaluate a search filter to identify PF studies in Ovid 

MEDLINE that has maximum sensitivity. 

Methods: We followed current recommendations for the development of a search filter by first 

identifying a reference set of PF studies included in relevant systematic reviews on the topic, and by 

selecting search terms using a word frequency analysis complemented with an expert panel 

discussion. We evaluated filter performance using the relative recall methodology. 

Results: We constructed a reference set of 73 studies included in six systematic reviews from a larger 

sample (91 reviews). After completing the word frequency analysis using the reference set studies, 

we compiled a list of 80 of the most frequent methodological terms. This list of terms was evaluated 
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by the Delphi panel for inclusion in the filter, resulting in a final set of 8 appropriate terms. The 

consecutive connection of these terms with the Boolean operator OR produced the filter. We then 

evaluated the filter using the relative recall method against the reference set, comparing the references 

included in the SRs with our new search using the filter. The overall sensitivity of the filter was 

calculated to be 95%, while the overall specificity was 41%. The precision of the filter varied 

considerably, ranging from 0.36 to 17%. The NNR (number needed to read) value depends on the 

total number of hits in the search and varied largely from 6 to 278. 

Conclusions: We developed a search filter for OVID-Medline with acceptable performance that 

could be used in systematic reviews of PF studies. Using this filter could save as much as 40% of the 

title and abstract screening task. The specificity of the filter could be improved by defining additional 

terms to be included, although it is important to evaluate any modification to guarantee the filter is 

still highly sensitive. 

Keywords: prognostic factor, search filter, systematic review 
 

Introduction 
It is essential to carry out a systematic and extensive search for any type of systematic review. 

However, searches can often retrieve an overwhelming number of studies (1, 2). To overcome this, 

methodological search filters have been developed to find articles related to specific clinical 

questions. A search filter is a pre-defined combination of search terms combined into a search strategy 

using the “AND” Boolean operator. Dozens of search filters exist for retrieving randomized 

controlled trials (RCTs) (3, 4). These filters have been successful in reducing the number of 

references needed to screen in systematic reviews, however this is difficult to reproduce for 

prognostic factor studies, as the literature pertaining to non-interventional studies is more variable. 

Unlike RCTs, non-interventional investigations have heterogenous, non-standardized study designs 

(5). These studies also suffer from poorer indexing of terms, thus making them more difficult to find 

in the database. Due to these limitations, the use of filters in diagnostic or prognostic studies is not 

widely recommended (6-8). 

Prognosis research focuses on identifying variables that allow the estimation of the possibilities of 

improvement or worsening in a given health problem. This area of clinical research is becoming 

significantly more important, as throughout the world, people are living longer, but with more chronic 

health conditions and diseases. Prognosis research can be classified into four different themes or areas 

of research: fundamental prognostics, prognostic models, stratified medicine, and prognostic factors 

(9-12). A prognostic factor (PF) “is any measure that, among people with a given health condition 

(that is, a start point), is associated with a subsequent clinical outcome (an endpoint)” (11). Generic 

filters exist for finding prediction and prognosis studies such as the Haynes broad filter, Ingui filter 
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and the Yale prognosis and natural history filter (13). These published prognostic search filters have 

lower sensitivity and precision than other types of search filters such as those for medical intervention 

studies (14). While carrying out various PF systematic reviews we explored the possibility of using a 

PF filter (15, 16), however, to the best of our knowledge, no filter exists for these studies. The aim of 

this paper is to develop and evaluate a search filter for prognostic factor studies to be used in SRs. The 

main objective of the filter is to achieve maximum sensitivity so as not to lose any relevant studies 

when using the filter, while maintaining specificity to make the search more efficient. 

Methods 
 

We developed a search filter partially based on methods described by Rietjens et al., Sampson et al., 

and also on the criteria of the filter appraisal tool developed by Glanville et al (17-19). The completed 

filter appraisal checklist is available as supplementary material. We completed the study in three 

phases as outlined below: 

1. Identification of a reference set (relative recall) 

2. Search term selection 

3. Filter evaluation 
 

1. Identification of a reference set (relative recall): 
The first step of search filter development is to create the reference set list, which is most often 

referred to as the gold standard (20). The reference set is a known set of studies that are relevant to 

the general type of studies under review, in our case, prognostic factor studies. We used the relative 

recall method, which involves replicating the searches of systematic reviews and using the included 

studies in these reviews as the reference standard (19). Relative recall is useful as it allows for the 

inclusion of a broader range of journals and publication years than otherwise could be included 

practically by manual searching (7, 19). This approach is also more generalizable to topics that are 

important for our filter, as the literature is spread across a broad range of journals. 

We searched for prognostic factor systematic reviews and only included those which: carried out a 

search on Ovid MEDLINE, did not include a prognosis filter or prognosis terms in the search strategy, 

and that used a search strategy that was publicly available and reproducible. Additionally, we made 

sure that the SR´s were related to different topics to allow for generalizability. 

2. Search term selection: 
Frequency analysis 

 
Search term selection was partially based on the objective method used by Rietjens 2019 (18). A word 

frequency analysis of PF articles was carried out using the free online software systematic review 
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accelerator. We separately analyzed the language of both the included and excluded studies of the SRs 

used for relative recall to create two distinct lists of terms. 

Calculate chi square values 
 

Chi square values were calculated for terms generated from the word frequency analysis. From this, 

we determined the significance of the difference in relative frequencies of the terms in positive studies 

(the studies that are included in the review) and negative studies (studies not included in the review). 

As expected, given the small number of studies included, all terms showed non-significant results. 

Thus, we complemented this frequency analysis with a Delphi panel of experts to reach a consensus 

on the terms selected for the filter. 

Delphi Panel 
 

The Delphi panel consisted of 15 members of various specialties, in particular systematic reviewers, 

statisticians, clinicians and information retrieval specialists. Each panelist had to evaluate the 

appropriateness of including each term in the filter. We used the RAND definitions of agreement to 

classify the terms as appropriate, neutral or inappropriate for use in the filter and also to decide 

whether this qualification was agreed on by a majority of the panel members (21). The Delphi method 

consisted of three rounds, the first two being individual ratings and the last round was a panel meeting 

where a discussion took place on the ratings given to each term. The most relevant methodological 

terms were extracted from the frequency analysis and made into a list of 80 terms. This list was given 

to the panel to rate on a scale of 1-9, with 1 being the least appropriate for inclusion and 9 being most 

appropriate. The terms scoring between 7 and 9 on the Delphi were defined as potentially eligible for 

inclusion in the filter (21). The consecutive connection of these terms with the Boolean operator OR 

produced the final search strategy (filter). 

3. Filter evaluation: 
An essential component of the search filter development process is the evaluation of how well the 

search filter performs in retrieving relevant records in a systematic review. To carry out the evaluation 

the filter was combined using the Boolean operator AND with the broad search strategy for Ovid 

MEDLINE that was used in each included SR. 

During the evaluation we tested the sensitivity, specificity, precision, and number needed to read 

(NNR) of the filter. We used table 1 below to guide us in the evaluation: 
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Table 1: Table to calculate sensitivity, specificity, precision and NNR of the filter. 
 

 Reference set articles Non-reference set articles 

Retrieved A (True Positive) B (False Positive) 

Not retrieved C (False Negative) D (True Negative) 

 
Sensitivity is the number of references in the reference set retrieved by the filter as a proportion of the 

total number of references in the bibliography (22-24). If the search had low sensitivity, it would miss 

a large proportion of relevant articles. In contrast, a highly sensitive search is constructed so that it can 

pick up most of the relevant articles. It was calculated by: (A/(A+C)) x 100 

 
Specificity is the number of references that are not relevant and are not retrieved as a proportion of the 

total number of non-relevant references (22, 24). It was calculated by: (D/(B+D)) x 100. 

 
Precision (or positive predictive value PPV) is the number of relevant records retrieved as a 

proportion of the total number of records retrieved by the filter (22, 24). It was calculated by: 

(A/(A+B)) x 100 
 

The number needed-to read (NNR) is a measure of the usability of the filter, as it indicates how many 

records a searcher must screen for each relevant record retrieved (22-24). In the context of searching, 

NNR refers to the number of references that have to be manually screened to find one additional 

relevant article. A relatively high NNR means a lot of references would have to be checked, thus 

having important resource implications in terms of time and cost, whereas a low NNR means that 

relevant articles can be identified quicker without having to check large numbers of titles and 

abstracts. It was calculated by: (1/precision) x 100 

 
The measure of workload saved is the percentage of studies that could be screened but can be saved 

by using the filter. When using the filter, as compared to without the filter, less articles should be 

retrieved thus saving workload during the screening process. It was calculated by: 

((C+D)/(A+B+C+D)) x 100 
Table 2 provides a summary of the different performance measures and formulas used in our study. 
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Table 2: Summary of performance measures and formulas 
 

Performance measure Formula 

Sensitivity (A/(A+C)) x 100 

Specificity (D/(B+D)) x 100 

Precision (A/(A+B)) x 100 

Number needed to read (NNR) (1/precision) x 100 

Workload saved ((C+D)/(A+B+C+D)) x 100 

 
We computed a pooled average of sensitivity, and specificity over the 6 reviews used for evaluation 

by means of a random effects meta-analysis of proportions using Stata v. 16.0. 
 

Results 

1. Identification of a reference set (relative recall): 
As outlined in figure 1, our search on PubMed yielded ninety-one SRs of prognostic factors of various 

topics. We excluded eighty-five SRs due to not having a publicly available and reproducible search 

strategy, not having carried out a search on Ovid MEDLINE, or for having used prognosis terms in 

the search strategy. Finally, we formed our reference set with six SRs that met all of our criteria (25- 

30). Each reference set included between 3 and 22 studies, with a total of 73 studies included in the 

reference set as a whole. The prognostic factors assessed in these reviews were the following: 

symptoms of depression, protease activity, sarcopenia, interstitial pneumonia, controlling nutritional 

status score, and interim PET results. 

Figure 1. Flow diagram of reference set search 
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2. Selection of search terms: 
After completing the word frequency analysis, we compiled a list of 80 of the most frequent 

methodological terms in the prognostic factor reference set. This list of terms was evaluated by the 

Delphi panel for inclusion in the filter. At the end of the last round of the Delphi we had a list of 8 

terms which were deemed appropriate and agreed upon by the panel to include in the filter. We 

consulted the information retrieval specialists from the Delphi panel about the best way to combine 

them using MeSH and free text title/abstract terms. We truncated the terms prognostic (prognos*) and 

predictive (predict*) to be as inclusive as possible in the search. The consecutive connection of these 

terms with the Boolean operator OR produced the final search strategy (filter) and it is shown below 

in table 3. 

Table 3: Terms included in prognostic factor filter 
 

1 exp Risk/ 

2 risk.tw. 

3 exp Cohort Studies/ 

4 cohort.tw. 

5 exp Prognosis/ 

6 "prognos*".tw. 

7 "predict*".tw. 

8 exp Incidence/ 

9 incidence.tw. 

10 exp Survival Analysis/ 

11 survival.tw. 

12 "causal factor".tw. 

13 course.tw. 

14 or/1-13 

 
 

3. Filter evaluation: 
We evaluated the filter using the relative recall method with the six systematic reviews in our 

reference set. The filter was added to the end of the search strategy of each SR using the Boolean 

operator “AND”. The complete search strategy was entered into Ovid MEDLINE and the number of 

references retrieved was recorded and downloaded into Endnote. To measure the performance of the 

filter we compared the references retrieved from the original search in the review with our new search 

using the filter. The performance of the filter in each review is shown in table 4. 
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Table 4: Results for sensitivity, specificity, precision, NNR and NNS of the filter evaluated in 

each review. 
 

Study Number of 

included 

studies in SR 

Number of studies 

retrieved in 

original SR search 

Sensitivity 

(%) 

Specificity 

(%) 

Precision 

(%) 

NNR Workload 

saved (%) 

Kamiya 12 120 100 46 17 6 42 

Pinheiro  
3 

 
1314 

 
100 

 
37 

 
0.4 

 
278 

 
37 

Westby  
16 

 
784 

 
31.25 

 
70 

 
2 

 
47 

 
70 

Aldin 22 5562 100 35 0.6 164 35 
Yang 13 565 100 44 4 26 41 
Takagi 7 100 100 14 8 12 13 

Note: SR- systematic review; NNR- number needed to read. 
 

The filter had a sensitivity of 100% in all reference sets except for Westby 2018, which had a low 

sensitivity of 31%. As can be seen below in figure 2, the filters overall sensitivity was calculated to be 

95% (95% CI 69%-100%). 

Figure 2: Sensitivity of the filter in various systematic review searches. 
 

The specificity varied from 14-70%, with the highest performance of specificity being in Westby 

2018 and the lowest in Takagi 2019. As seen below in figure 3, the overall specificity was calculated 

to be 41% (95% CI 29-43%). The precision performance also varied considerably ranging from 0.4 

(30) to 17% (29). The NNR value varied largely among reviews ranging from 6 to 278. Time saving 

was substantial ranging from 13% (Takagi) to 70% (Westby). 
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Figure 3: Specificity of filter in various systematic review searches 
 

 
Discussion 

Main findings 
We aimed to develop and test a search filter for finding studies about the role of PFs in Ovid 

MEDLINE. Overall, the obtained filter showed an excellent sensitivity to retrieve studies from a 

reference set constructed from studies included in relevant systematic reviews in the field. Specificity 

was much lower with an overall combined specificity of 41%. Precision ranged from 0.36 to 17%, but 

it is important to note that efforts to optimise recall has a direct impact on the screening burden (total 

number of references retrieved) and may not be an appropriate indicator to measure performance of 

approaches focusing on sensitivity. Resulting from these statistics, the number of references required 

to screen to retrieve a relevant article varied hugely, from 6 to 277. We calculated that, when using the 

filter, the screening workload would be lower in all reference sets (13 to 70%). 

Out of the six reviews in which we tested the filter, Westby 2018 was the only review where the filter 

was not effective in retrieving all of the reference set studies. It was a Cochrane review on protease 

activity as a prognostic factor for healing wounds (25). After examining the studies that weren´t 

retrieved, we observed that they did not use any of the search terms attributable to prognosis and their 

approach was not obvious for usual prognostic factor studies. Those studies had terms such as 

influence or associated that could make them in some way related to prognosis. Another possible 

explanation for the low sensitivity in Westby 2018 could be that the review authors were generous or 

lenient with the studies that they included in the review. When examining the flow diagram of Westby 

2018, they screened a lot of full texts (10% of the titles and abstracts screened were passed on to the 

full text stage). In comparison, most of the other reviews in the reference set only passed on 2-3% of 



10  

studies to the full text stage, thus they were seemingly stricter with the prognostic factor study criteria. 

When we added our filter to the other systematic review strategies, the sensitivity was 100%, as all 

included studies were retrieved. 

Comparison with available prognosis filters 
There are a few published filters for prognosis studies which focus on prognostic models and 

prediction rules. We compared our prognostic factor filter with the Haynes broad prognosis filter (31): 

(incidence[MeSH:noexp] OR mortality[MeSH Terms] OR follow up studies[MeSH:noexp] OR 

prognos*[Text Word] OR predict*[Text Word] OR course*[Text Word]). We chose this filter as a 

comparison since it is the one that is most available to people who use PubMed. In general, the filter 

is known to have a sensitivity of 90% and specificity of 80%. We evaluated this filter in our reference 

set. As can be seen below in table 5 the filter was less sensitive overall than our PF filter (74% 95%CI 

(0.45 - 0.96)), but it was more specific (0.63 95%CI (0.51 - 0.74)). All of the SR´s in our reference set 

had a similar precision performance as the Haynes filter. This is because the reference sets had very 

low numbers of included studies and this statistic is dependent on this. More workload can be saved 

using the Haynes filter, but that is at a risk of losing potentially relevant studies to include in the 

review. 

Table 5: Results from Haynes sensitive broad filter in our reference set 
 

Study Sensitivity 

(%) 

Specificity 

(%) 

Precision (%) NNR Workload 

saved (%) 

Kamiya 2019 75 63 18.4 5 59 

Pinheiro 2015 100 67 0.7 146 67 

Westby 2018 13 87 1.9 52 87 

Aldin 2019 80 56 1.5 68 56 

Yang 2019 92 62 5.4 19 60 

Takagi 2019 86 35 9.1 11 34 

Note: NNR- number needed to read 

Strengths and limitations 
Our relative recall references included various topics, thus allowing us to evaluate the filter over many 

different clinical situations. If the references in the reference set are from one area only it can lead to 

subject bias in the filter (working well in some subjects, but not others). Through using the relative 

recall method, we were able to ensure that each study in the reference set was in fact a prognostic 

factor study. It can be difficult to decipher prognostic factor studies from other studies at times, so 

since we were using studies that were included in prognostic factor systematic reviews, we could be 

assured that they were truly prognostic factor studies. 
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When developing the protocol for this study, we realized that there were many different methods that 

researchers have used in the past to create a search filter. We examined all the published methods and 

weighed up our options before deciding on which methods to follow. If we had more resources, time, 

and manpower available there are more robust methods that we could employ in the future. These 

other methods include creating a larger reference set of PF studies or creating a traditional gold 

standard through manually searching for studies. 

Implications for research 
This filter has a high sensitivity so we can be assured that the risk of missing a study is very low. 

However, as we noted with the studies in Westby 2018 (25), not all PF studies include typical 

prognostic words, so we still need to think carefully about what kind of studies we might be searching 

for and if they will include the correct terms. The use of the filter in search strategies could decrease 

the number of studies needed to be manually screened. Many times, search strategies for PF 

systematic reviews yield large numbers of studies from the search, for example 20,000-100,000 

references. Thus, it can take a lot of time (6-8 weeks) and resources to screen through them all, 

making the NNR an important statistic. This PF filter needs to be evaluated in rapid reviews, as time 

constraints in these reviews make efficient searches even more necessary. 

Conclusions 
To the best of our knowledge, no search filter exists for locating PF studies in Ovid MEDLINE, nor in 

any other online database. Our filter had a high sensitivity of 95% overall in the systematic reviews in 

which we tested it. Its specificity on the other hand, was lower at 41% overall. Our aim was to create a 

sensitive filter as we feel the most important part of search filter development is to not lose any 

relevant studies in the search. Further research is still needed on this topic to increase the specificity 

of the filter, while keeping its high sensitivity. 
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During the process of carrying out a SR on sex as a PF in patients with sepsis (65) and writing 

the protocol for the Cochrane PF review, I gained significant experience in PF reviews and 

dealing with sex as the PF. I wrote this article to give insights into the challenges we 

encountered when conducting SRs of sex as a PF and to describe how we overcame these 

obstacles. For the methods of these reviews we modified various sections to facilitate sex as 

a PF, such as the PF section of CHARMS-PF (used for data extraction), certain sections of 

QUIPS (for risk of bias), and we extracted data on the sex and gender terms used throughout 

the studies. 

I hope to see more systematic reviews of sex as a PF being published in the future and hope 

this article will be useful to authors in adjusting their methods appropriately. Realizing the 

importance of studying sex as a PF is a critical step in the right direction towards precision 

medicine that will help reduce healthcare inequities and benefit both males and females 

alike. 



 

Journal of 
Personalized 
Medicine 

 

 

Article 

Sex as a Prognostic Factor in Systematic Reviews: Challenges 
and Lessons Learned 
Elena Stallings 1,2,*   , Alba Antequera 3     , Jesús López-Alcalde 1,2,4,5, Miguel García-Martín 2,6     , 
Gerard Urrútia 2,3 and Javier Zamora 1,2,7 

 
1 Clinical Biostatistics Unit, Instituto Ramón y Cajal de Investigación Sanitaria, 28034 Madrid, Spain; 

cochrane.madrid@ufv.es (J.L.-A.); javierza@gmail.com (J.Z.) 
2 CIBER Epidemiología y Salud Pública (CIBERESP), 28029 Madrid, Spain; mgar@ugr.es (M.G.-M.); 

GUrrutia@santpau.cat (G.U.) 
3 Sant Pau Institute for Biomedical Research (IIB Sant Pau), 08041 Barcelona, Spain; AAntequera@santpau.cat 
4 Faculty of Health Sciences, Universidad Francisco de Vitoria, 28223 Madrid, Spain 
5 Institute for Complementary and Integrative Medicine, University Hospital Zurich, University of Zurich, 

CH-8091 Zurich, Switzerland 
6 Department of Preventive Medicine and Public Health, University of Granada, 18010 Granada, Spain 
7 WHO Collaborating Centre for Global Women’s Health, Institute of Metabolism and Systems Research, 

University of Birmingham, Birmingham B15 2TT, UK 
* Correspondence: elenastallings.pubhealth@gmail.com 

 
 
 
 

check for 
updates 

 
Citation: Stallings, E.; Antequera, A.; 

López-Alcalde, J.; García-Martín, M.; 

Urrútia, G.; Zamora, J. Sex as a 

Prognostic Factor in Systematic 

Reviews: Challenges and Lessons 

Learned. J. Pers. Med. 2021, 11, 441. 

https://doi.org/10.3390/ 

jpm11060441 

 
Academic Editor: Mary V. Seeman 

 

Received: 28 March 2021 

Accepted: 18 May 2021 

Published: 21 May 2021 
 

Publisher’s Note: MDPI stays neutral 

with regard to jurisdictional claims in 

published maps and institutional affil- 

iations. 

 

Copyright: © 2021 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license (https:// 

creativecommons.org/licenses/by/ 

4.0/). 

Abstract: Sex is a common baseline factor collected in studies that has the potential to be a prognostic 
factor (PF) in several clinical areas. In recent years, research on sex as a PF has increased; however, 
this influx of new studies frequently shows conflicting results across the same treatment or disease 
state. Thus, systematic reviews (SRs) addressing sex as a PF may help us to better understand 
diseases and further personalize healthcare. We wrote this article to offer insights into the challenges 
we encountered when conducting SRs on sex as a PF and suggestions on how to overcome these 
obstacles, regardless of the clinical domain. When carrying out a PF SR with sex as the index factor, 
it is important to keep in mind the modifications that must be made in various SR stages, such as 
modifying the PF section of CHARMS-PF, adjusting certain sections of QUIPS and extracting data on 
the sex and gender terms used throughout the studies. In this paper, we provide an overview of the 
lessons learned from carrying out our reviews on sex as a PF in different disciplines and now call on 
researchers, funding agencies and journals to realize the importance of studying sex as a PF. 
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1. Introduction 
People are living longer, with one or more health problems; prognosis research is thus 

vital for explaining and predicting future clinical outcomes in people with existing health 
conditions. Prognosis research aims to summarize and predict relevant outcomes such as 
death, recovery, recurrence, disability, or quality of life. In the past 10 years, research on 
prognosis has rapidly increased [1–4] along with many novel studies and new methods 
being developed. However, results from different studies are often contradictory, making 
it difficult to assess a specific prognostic factor (PF). This is where systematic reviews 
come into play. Nevertheless systematic reviews of PFs have received little attention by 
scientists to date. In clinical medicine, we are starting to see a transition from a universal 
medicine that has a one-size-fits-all approach to personalized medicine. Personalized 
medicine is a unique individualized approach to treatment based on a patient’s diagnosis 
and prognosis [5]. This intertwinement has led to theragnostics, which is the connection 
of diagnosis and therapeutics addressed to people on an individual basis [6]. This novel 
connection can provide better prognoses relying on specific features, i.e., PFs. Genetic 
information plays an important role in theragnostics and pharmacogenetics—which is the 
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study of how people respond differently to drug therapies based on their genes—and helps 
to individually tailor treatments [7]. There are underlying genetic mechanisms to most sex 
differences in disease [8], which suggests that sex is an excellent candidate as a PF. 

Research on PFs is becoming more widespread, and its importance in clinical practice 
is gradually being recognized. A PF “is any measure that, among people with a given 
health condition (that is, a start point), is associated with a subsequent clinical outcome (an 
endpoint)” [9]. Therefore, PFs can distinguish groups of people with a different average 
prognosis. PF research has a wide variety of applications related to both clinical and public 
health research [9]. For example, for many cancer patients, tumour grade at the time of 
diagnosis is a prognostic factor, as each group of patients with the same tumour grade 
should have broadly similar outcomes [3]. Also, a high body mass index (BMI) is a PF 
for worse outcomes in patients diagnosed with COVID-19 [10]. Similarly, male sex is a 
poor PF in non-small-cell lung cancer [11,12] and in gastric cancer, as females experience a 
better survival rate [13]. On the other hand, female sex is a poor PF for mortality in acute 
myocardial infarction [14,15]. Thus, minimal clinically relevant differences associated with 
patients’ sex may have a great impact on the understanding of disease processes, the appli- 
cability of the findings to specific patient groups, and the planning of future research [16]. 
Sex refers to the biological, genetic, and physiological processes that generally distinguish 
females from males, while gender refers to the roles, relationships, behaviours, and other 
traits that societies typically attribute to women, men, and people of diverse gender iden- 
tities (e.g., transgender people) [17]. Sex is, with age, the most common baseline factor 
collected in the context of randomized and non-randomized studies, regardless of whether 
a study addresses a therapeutic, etiologic, diagnostic, or prognostic topic. Therefore, sex 
has clearly the potential to be evaluated as a PF in almost all clinical areas [8,10,11]. This 
issue is typically assessed in primary studies but is generally not a considered topic in 
systematic reviews. 

Systematic reviews (SRs) are the cornerstone of evidence-based medicine as they play 
a major role in summarizing the available body of evidence and in identifying knowledge 
gaps [18]. Accordingly, addressing sex-related findings in systematic reviews is important 
to better guide clinical practice and tailor patient care to provide the optimal treatment 
for different sexes. In contrast, in primary studies or systematic reviews, not considering 
how meaningful such differences between sexes are can lead to poorer healthcare quality, 
limiting the generalizability of study results and promoting inequities. In recent years, 
research on sex as a PF has increased [1–4]; however, this influx of new studies frequently 
shows conflicting results across the same treatment or disease state. 

Sex differs from other PFs in that it is difficult to verify through tests and it generally 
does not change over time. We have written this article to offer insights into the challenges 
we encountered when conducting SRs on sex as a PF and to provide suggestions on how 
to overcome these obstacles, regardless of the outcome or clinical domain. We carried out 
two systematic reviews on sex as a PF. The first review studied the prognostic role of sex 
on mortality outcomes in sepsis [19], while the second one looked at the role of sex in 
the prognosis of patients with acute pulmonary embolism [20]. In the current paper, we 
will comment on the lessons learned from these two reviews and, in the methodological 
challenges section, we will present three SRs studying sex as a PF, providing examples 
and making comparisons. Our objective is to discuss the methodological challenges we 
encountered and reflect on the lessons learned in carrying out these reviews. Therefore, 
future systematic reviewers will be able to learn from our experiences and use the same 
framework whilst investigating sex as a prognostic factor. Primary researchers will also 
be able to benefit from this paper, as they will understand the difficulties that reviewers 
encounter when trying to synthesize this type of studies. For example, authors may become 
aware of what terms should be used in abstracts and titles to maximize the likelihood of 
their study being captured in review searches. 
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2. Importance of Sex as a PF and Its Demarcation from Gender 
Sex is a biological attribute that is associated with physical and physiological features in- 

cluding gene expression, hormone function and reproductive and sexual anatomy [17,21,22]. 
Sex, typically assigned at birth based on the appearance of external genitalia, is defined 
as female, male, intersex, etc. However, it is often mislabelled as gender. Sex and gender 
are interconnected but vastly different. In comparison to sex, gender refers to the socially 
constructed roles, behaviours and identities of female, male and gender-diverse people [22] 
and to the terms men and women or boys and girls. Both sex and gender play roles as 
prognostic factors in various illnesses (cardiovascular disease, sepsis, cancer) [15,19,23]. 
Therefore, it is important to distinguish between them when studying sex or gender as a 
prognostic factor. 

Many differences exist between the sexes, mostly due to genetics and hormones 
(different levels of androgens and oestrogens). Many illnesses are characterized by a 
higher incidence in one sex versus the other. For example, 99% of people diagnosed with 
breast cancer are females [24]. In the same manner, four times more females than males 
are diagnosed with osteoporosis [25]. Other illnesses will occur at the same rate in both 
sexes, but they can manifest differently according to sex. For example, in schizophrenia, 
the disease usually starts at an earlier age and with severer symptoms in males [26]. In 
myocardial infarctions, again the first myocardial infarction is experienced at a younger 
age by males than by females, and females tend to present with symptoms of nausea 
and shortness of breath instead of the usual chest pain. These sex differences in disease 
incidence and in diagnosing illness also predict differences in prognosis. Just as differences 
have been found in the manifestation of myocardial infarction in females, it has also been 
found that females tend to have poorer outcomes [27–29]. Similarly, in our review, we 
found an independent prognostic impact of sex on mortality, although in this case the 
certainty of evidence was very low [19]. 

Prognosis research has increased in the past decade, and the same can be said of 
sex and gender research [1–4]. However, in general, there are not many SRs on PFs. For 
example, when we searched the Cochrane database of systematic reviews, we found 
three completed PF SRs [30–32]. In comparison to intervention reviews, which is the 
more traditional review type with thousands of reviews completed, this is a novel area 
of research and evidence synthesis. Thus, taking into consideration that so few reviews 
have been published on PFs and sex separately and that both areas of research are rapidly 
developing, it is understandable that there is a lack of SRs on sex as a PF. However, we did 
find a few SRs evaluating the role of sex, such as Bougouin et al., Giuliano et al. and Kim 
et al., in various illnesses, and thus we were able to compare and contrast these reviews 
and review the methods that they used [33–35]. 

3. Methodological Challenges 
3.1. Search and Selection 

A search of reviews on sex as a PF retrieves thousands of references; therefore, it is 
important to use a search filter. We added a sex and gender filter (“sex factors” OR “sex 
distribution” OR “Sex characteristics” OR “Sex ratio” OR sex OR “women’s health” OR 
“men’s health”) OR TITLE: (boy* OR male* OR girl* OR female* OR gender OR women 
OR men OR sex) to the search strategy in an attempt to narrow down the search field. By 
adding the filter, the number of studies retrieved from the searches was reduced by 20%. 
In combination with searching electronic databases, we also hand-searched conferences. 
For conferences on sex and gender, we found the congress “Organization for the study 
of sex differences”. We hand-screened 8 years of abstracts from this conference and did 
not retrieve any study that met all inclusion criteria. While retrieving unpublished studies 
from conference abstracts is considered good practice in systematic review development, it 
is important to consider the expected large number of results from the electronic database 
searches. Thus, we encourage review authors to choose to extend their search to conference 
proceedings based on their resource availability. 
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When screening studies, both sexes must be included for a study to be eligible for 
inclusion, as it is impossible to measure the prognostic significance of sex while only looking 
at one sex. As mentioned above, sex refers to genotypic, phenotypic and physiological 
characteristics, including chromosomes, gene expression, hormone levels and reproductive 
and/or sexual anatomy [17]. In our reviews, we accepted any assessment of sex and 
evaluated the appropriate use of the terms sex and gender when applicable. We were 
aware that the terms 'sex' and 'gender' are poorly described and defined in the majority 
of published articles. Thus, when no additional information was provided, if it was clear 
that the authors were referring to sex but mistakenly used the terms for gender, we assumed 
that the study was considering sex. If the authors explicitly stated that they evaluated the 
social aspect, then we considered that they were evaluating gender and not sex. 

3.2. Data Extraction 
For data extraction, we used the CHARMS-PF (critical appraisal and data extraction 

for systematic reviews of prediction modelling studies for prognostic factors) template [9]. 
CHARMS-PF is a checklist of key data to be extracted from primary PF studies. It is 
based on additions and modifications of the original CHARMS data extraction sheet for 
prediction modelling [36]. In the CHARMS-PF extraction sheet, there is a section created 
for PFs (index and comparator factors). In this section, we extracted the PF definition and 
method of measurement of the PF. We accepted any definition of sex (our PF of interest) 
and any method of sex measurement given by the authors. The timing of PF measurement 
does not matter when studying sex in primary studies or reviews, as it is not normally 
a temporal variable that may change. We extracted information on the use of the terms 
sex and gender in each study to evaluate if the terms were being used adequately in the 
primary studies. These data are important to extract and take note of, as the lack of literacy 
surrounding the terms for sex and gender should be highlighted in SRs. 

Bougouin et al. did not use CHARMS for data extraction [33]. However, CHARMS, 
is relatively new (2014) and was only published a year before the publication of this 
review [36]. Thus, the authors may had previously planned their data extraction methods 
in a protocol and did not change them. However, they did extract the adjusted data, though 
they did not extract many data on gender, their prognostic factor of interest. Giuliano et al. 
did not mention the use of CHARMS but created their own data extraction template [35]. 
Kim et al. also did not use CHARMS, as it was not yet published [34]. 

3.3. Risk of Bias Assessment 
A critical step in carrying out a systematic review is assessing the risk of bias of the 

included studies. Tools used to measure quality are ROB and ROB2 for randomized trials 
and PROBAST for prediction model studies [37–40]. To assess the risk of bias in PF studies, 
the “Quality in Prognosis Studies” (QUIPS) tool was created [41,42]. The tool consists 
of several prompting questions within six different domains, each domain being judged 
on a three-grade scale. Hayden et al. determined six key domains for the risk of bias 

appraisal included in PF studies: study participation, study attrition, PF measurement, 
other prognostic factor adjustment, outcome measurement and analysis and reporting [42]. 

We used an amendment to the QUIPS tool proposed by Aldin and colleagues [30] 
using four categories (low, moderate, high and unclear risk) instead of the initial three 
categories (low, moderate and high). In SRs of sex as a PF, the unclear category may be 
especially relevant, since some signalling items of QUIPS, such as those related to PF 
domains with a high likelihood of lack of sex definition, have a limited value for the 
assessment and rating. Therefore, rating as unclear risk may be the fairest alternative. 
Following on from the rating amendment, we also made some slight modifications to the 
QUIPS sections to adapt it for sex as a PF, which are highlighted in Table 1. Some items 
were particularly hard to differentiate, and a learning phase was required to increase the 
interrater agreement. 
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Table 1. QUIPS modifications for studying sex as a prognostic factor. 
 

Domains QUIPS QUIPS Modified for Sex as PF Comments 
 

The regular QUIPS refers to a 
description of the baseline sample 

 
 

1. Study participation 
 
 
 
 
 

2. Study attrition 

 

Description of the baseline study 
sample 

 
 
 
 
 

Adequate description of 
participants lost to follow-up 

Baseline number and 
characteristics of participants by 
sex are clearly described and 
reported separately for males and 
females 

 
 

 
Key characteristics of participants 
lost to follow-up are provided 
separately for males and females 

in general (both sexes combined); 
however, we specified that it was 
necessary to have the participants 
characteristics described by sex. 
Example: Females (N): race of 
females (N), obesity in females 
(N). Males (N): race of males (N), 
obesity in males (N). 

The key characteristics of the 
lost-to-follow-up participants 
must be recorded by sex. N of 
females and N of males per 
characteristic. However, this was 
never reported. 

The authors must provide an 
3. Prognostic factor measurement Clear definition or description of Clear definition or description of 

sex 
adequate definition for the 
prognostic factor, in this case 
sex 1. 

 
Adequately valid and reliable 
method of measurement 

 
Continuous variables reported or 
appropriate cut points used 

Same method and setting of 

We do not anticipate specific sex 
Not applicable measurement for this type of 

research question. 

Sex measurement is not a 
continuous variable. 

We do not anticipate method and 
measurement used in all study 
participants 

Not applicable setting measurement for this type 
of research question. 

 
Adequate proportion of the study 
sample had complete data 

 
Appropriate methods of 

We do not anticipate missing data 
Not applicable of sex measurement for this type 

of research question. 

We do not anticipate missing data 
imputation were used for missing 
data 

Not applicable of sex measurement for this type 
of research question. 

 
 

4. Outcome measurement No differences in this domain. 

5. Adjustment for other 
prognostic factors 

6. Statistical analysis and 
reporting 

 
No differences in this domain. 

 
No differences in this domain. 

 
 

1 We considered an adequate definition as listing any of the following: sex for biological characteristics; gender for socially constructed 
roles, behaviours, and identities; females or males for sex; women or men for gender. 

 
In contrast, Bougouin et al. did not use QUIPS for quality assessment, but again this 

could be due to the short time frame between QUIPS and the review being published [33]. 
Giuliano et al. used QUIPS to assess the risk of bias of the included studies; however, they 
did not mention any modifications being made to the tool [35]. Kim et al. did not use 
QUIPS in their assessment of risk of bias, as it was not yet published [34]. 

3.4. Data Analysis 
The studies incorporated in a systematic review of sex as a PF need to be similar in 

terms of population (ages, ethnicity, etc.), index factor measurement (sex) and outcome 
measurement (how the outcomes are measured, for example, mortality in 30 days, 90 days, 
etc.): a meta-analysis must combine the results from sufficiently homogenous individual 
studies to provide a meaningful pooled prognostic effect estimate. If the studies are 
not homogenous in design, we may carry out a subgroup analysis or meta-regression. 
Studies may report the crude association between PF, sex, and the outcome or the adjusted 
association, where one adjusts for the contribution of other PFs compared to the index 
factor (here, sex). However, we did not require the consideration of the complete core 

Not applicable 
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set of additional PFs. In our experience, if the researchers adjusted for at least one of 
our pre-defined confounding factors, then the study was valid for inclusion in the review 
and the meta-analysis. Deciding the pre-defined confounding factors was complicated, 
as sex is a factor that is present from birth; therefore, it is complex to define what is a 
confounding factor of sex. To make a list of the most important confounding factors, we 
created a Delphi panel of reviewers and clinicians to decide on which factors to include. 
Our data extraction and risk of bias assessments considered the confounding factors that 
were measured, controlled for (by the study design) and adjusted for (in the analysis). 

An additional part of the analysis in reviews studying sex as a PF is to analyse the 
sex/gender terminology used. To judge if the terms sex and gender were used correctly 
in the primary studies, we conducted a frequency analysis of the results. In our SR on 
sex as PF in patients with sepsis, we included 13 studies [19]. No primary study included 
in our review defined sex correctly. Twelve of the included studies in our review had an 
inadequate use of sex and gender terms, using all the terms interchangeably throughout 
the study. The correct usage of terms was unclear in the remaining study, as it used the 
term gender and all the related terminology for gender; however, from the study context, it 
could be presumed that the study authors were in fact referring to sex [43]. 

In some SRs, there are discrepancies and interchangeability of the sex and gender 
terms. The correct terms for sex are male and female, and those for gender are boy, girl, 
man or woman. Many published reviews use the word gender when referring to sex, thus 
making it confusing for readers. Authors feel that they are being repetitive and do not 
realise that sex and gender are two distinct terms. For example, in Bougouin et al. and 
Kim et al., the authors use the terms gender, men and women consistently but in reality, 
they are discussing topics related to sex, not gender [33,34]. In Kim et al., the authors state 
“women tend to have smaller coronary arteries than men” [34]. This is a sex difference, not 
a gender difference and should instead read “female patients tend to have . . . than male...”. 
Likewise, Giuliano et al. talk about sex differences whilst referring to men and women. In 
other parts of the paper, they also use the terms male and female, thus making their usage 
of the terminology incorrect and inconsistent [35]. 

4. Concluding Remarks 
The role of sex in human health and medical research continues to be understudied, 

as sex-based medicine is often viewed as a specialist niche instead of being central to all 
medical research [16]. We must bring sex- and gender-based analysis to the forefront of 
research and base future research around it. Systematic reviews evaluating the role of sex 
as a PF fosters rigorous, reproducible, inclusive and responsible science. 

When carrying out a PF SR with sex as the index factor, it is important to keep in 
mind the adaptations that must be made in various SR stages. This is outlined in Table 2 
below and includes modifying the PF section of CHARMS-PF, adjusting certain sections 
of QUIPS and extracting data on the terms sex and gender used throughout the studies. 
The lack of literacy regarding the sex and gender terms needs to be addressed, as this is a 
widespread problem among researchers. It is especially important that researchers wishing 
to study and publish sex and gender research understand the differences between these 
concepts and use the correct terminology. This lack of understanding can have serious 
implications in prognosis research, such as creating confusion among investigators and the 
general public. 

There are methods available to rigorously synthesize the role of sex as a PF. We hope 
to see more systematic reviews of this kind in the future. In this paper, we have provided 
an overview of the lessons we learned from carrying out our reviews on sex as a PF 
in different disciplines and we now call on researchers, funding agencies, journals and 
research institutions to acknowledge the importance of studying sex as a PF. Realizing this 
importance is a critical step in the right direction towards precision medicine that will help 
reduce health inequities and benefit both males and females alike. 
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Table 2. Summary of challenges and solutions in a systematic review evaluating the role of sex as a 
prognostic factor. 

 

Challenge Solution 

1. Search and selection Too many references retrieved 

 
 
 

Sections of CHARMS-PF not 

Add a sex and gender search 
filter to the search 

Take the following into 
consideration: 

Accept any definition of 
sex and any method of 
sex measurement given 
by authors 

2. Data extraction totally compatible with sex as 
a prognostic factor (PF) 

Timing of PF 
measurement is not 
important, as sex is not 
normally a temporal 
variable that may change 
Extract data on the use of 
the terms sex and gender 

Sections of QUIPS not 
compatible with sex as a PF 

 
Deciding the confounding 
factors for sex as a PF 

 
Sex and gender terms used 
inadequately and 
interchangeably in many 
primary studies 

Specific modifications in 
QUIPS tool as listed in Table 1 

Delphi panel (expert input) to 
aid in this decision-making 
process 

 
Analyse the sex and gender 
terminology used in primary 
studies 
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In March of 2020 most of the world went into lockdown to control the transmission of 

coronavirus (Covid-19) which was spreading rapidly around the world. By April 2020, 

projects were paused due to the urgency of the pandemic, allowing the PregCOV19 project 

(https://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx) 

priority. In the PregCOV-19 project, we are conducting a series of living systematic reviews 

(LSR) involving pregnant and postnatal women at risk, suspected, and diagnosed to have 

COVID-19 according to recommended methods. The PregCov19 team is continuously 

updating the findings, by incorporating relevant new evidence as it becomes available. In 

September 2020 we published the LSR on clinical manifestations, risk factors, and maternal 

and perinatal outcomes of coronavirus disease 2019 in pregnancy including 77 studies in 

total. In March 2021 the BMJ published our first update of the LSR which now includes 192 

studies. We will continue to publish our LSR updates every 5-6 months as new evidence 

becomes available for inclusion. I have included the original BMJ manuscript as an appendix 

and the updated manuscript within the thesis body for comparison purposes. 
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AbstrAct 
Objective 
To determine the clinical manifestations, risk factors, 
and maternal and perinatal outcomes in pregnant and 
recently pregnant women with suspected or confirmed 
coronavirus disease 2019 (covid-19). 

Design 
Living systematic review and meta-analysis. 

Data sOurces 
Medline, Embase, Cochrane database, WHO COVID-19 
database, China National Knowledge Infrastructure 
(CNKI), and Wanfang  databases from  1  December 
2019 to 6 October 2020, along with preprint servers, 
social media, and reference lists. 

stuDy selectiOn 
Cohort studies reporting the rates, clinical 
manifestations (symptoms, laboratory and 
radiological findings), risk factors, and maternal and 

perinatal outcomes in pregnant and recently pregnant 
women with suspected or confirmed covid-19. 

Data extractiOn 
At least two researchers independently extracted the 
data and assessed study quality. Random effects 
meta-analysis was performed, with estimates pooled 
as odds ratios and proportions with 95% confidence 
intervals. All analyses will be updated regularly. 

results 
192 studies were included. Overall, 10% (95% 
confidence interval 7% to 12%; 73 studies, 67 271 
women) of pregnant and recently pregnant women 
attending or admitted to hospital for any reason 
were diagnosed as having suspected or confirmed 
covid-19. The most common clinical manifestations 
of covid-19 in pregnancy were fever (40%) and 
cough (41%).  Compared with  non-pregnant women 
of reproductive age, pregnant and recently pregnant 
women with covid-19 were less likely to have 
symptoms (odds ratio 0.28, 95% confidence interval 
0.13 to 0.62; I2=42.9%) or report symptoms of fever 
(0.49, 0.38 to 0.63; I2=40.8%), dyspnoea (0.76, 0.67 
to 0.85; I2=4.4%) and myalgia (0.53, 0.36 to 0.78; 
I2=59.4%). The odds of admission to an intensive 
care unit (odds ratio 2.13, 1.53 to 2.95; I2=71.2%), 
invasive ventilation (2.59, 2.28 to 2.94; I2=0%) and 
need for extra corporeal membrane oxygenation (2.02, 
1.22 to 3.34; I2=0%) were higher in pregnant and 
recently pregnant than non-pregnant reproductive 
aged women. Overall, 339 pregnant women (0.02%, 
59 studies, 41 664 women) with confirmed covid-19 
died from any cause. Increased maternal age (odds 
ratio 1.83, 1.27 to 2.63; I2=43.4%), high body mass 
index (2.37, 1.83 to 3.07; I2=0%), any pre-existing 
maternal comorbidity (1.81, 1.49 to 2.20; I2=0%), 
chronic hypertension (2.0, 1.14 to 3.48; I2=0%), 
pre-existing diabetes (2.12, 1.62 to 2.78; I2=0%), 
and pre-eclampsia (4.21, 1.27 to 14.0; I2=0%) were 
associated with severe covid-19 in pregnancy. In 
pregnant women with covid-19, increased maternal 
age, high body mass index, non-white ethnicity, any 
pre-existing maternal comorbidity including chronic 
hypertension and diabetes, and pre-eclampsia 
were associated with serious complications such 
as admission to an intensive care unit, invasive 

RESEARCH  

WhAt is AlreAdy knoWn on this topic  
Pregnant women are considered to be a high risk group for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and the potential 
adverse effects of the virus on maternal and perinatal outcomes are of concern 
In non-pregnant populations admitted to hospital with coronavirus disease 
2019 (covid-19) the most common symptoms are fever, cough, and dyspnoea, 
reported in more than two thirds of individuals 
Advancing age, high body mass index, non-white ethnicity, and pre-existing 
comorbidities are risk factors for severe covid-19 in the general population 

WhAt this study Adds  
Pregnant and recently pregnant women with covid-19 diagnosed in hospital are 
less likely to have or manifest symptoms of fever, dyspnoea, and myalgia than 
non-pregnant women of reproductive age 
Pregnant and recently pregnant women are at increased risk of admission to an 
intensive care unit, receiving invasive ventilation and extra corporeal membrane 
oxygenation treatment, compared with non-pregnant women of reproductive age 
Risk factors for severe covid-19 in pregnancy include increasing maternal age, 
high body mass index, non-white ethnicity, pre-existing comorbidities, and 
pregnancy specific disorders such as gestational diabetes and pre-eclampsia 
Pregnant women with covid-19 are more likely to experience preterm birth and 
their neonates are more likely to be admitted to a neonatal unit 
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ventilation and maternal death. Compared to pregnant 
women without covid-19, those with the disease had 
increased odds of maternal death (odds ratio 2.85, 
1.08 to 7.52; I2=0%), of needing admission to the 
intensive care unit (18.58, 7.53 to 45.82; I2=0%), and 
of preterm birth (1.47, 1.14 to 1.91; I2=18.6%). The 
odds of admission to the neonatal intensive care unit 
(4.89, 1.87 to 12.81, I2=96.2%) were higher in babies 
born to mothers with covid-19 versus those without 
covid-19. 

cOnclusiOn 
Pregnant and recently pregnant women with covid-19 
attending or admitted to the hospitals for any reason 
are less likely to manifest symptoms such as fever, 
dyspnoea, and myalgia, and are more likely to be 
admitted to the intensive care unit or needing invasive 
ventilation than non-pregnant women of reproductive 
age. Pre-existing comorbidities, non-white ethnicity, 
chronic hypertension, pre-existing diabetes, high 
maternal age, and high body mass index are risk 
factors for severe covid-19 in pregnancy. Pregnant 
women with covid-19 versus without covid-19 
are more likely to deliver preterm and could have 
an increased risk of maternal death and of being 
admitted to the intensive care unit. Their babies are 
more likely to be admitted to the neonatal unit. 

systematic review registratiOn 
PROSPERO CRD42020178076. 

reaDers’ nOte 
This article is a living systematic review that will 
be updated to reflect emerging evidence. Updates 
may occur for up to two years from the date of 
original publication. This version is update 1 of the 
original article published on 1 September 2020 (BMJ 
2020;370:m3320), and previous updates can be 
found as data supplements (https://www.bmj.com/ 
content/370/bmj.m3320/related#datasupp). When 
citing this paper please consider adding the update 
number and date of access for clarity. 

 

introduction 
Since the first report (December 2019) of the novel 
coronavirus disease 2019 (covid-19) caused by 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the number of confirmed cases and 
associated mortality and morbidity have increased 
rapidly.1 2 Pregnant women are considered a high 
risk group because of concerns about the effect of 
covid-19 on them during and after pregnancy, and 
on their neonates.3 Quantification of the rates of 
covid-19, its risk factors, clinical manifestations, and 
outcomes is key to planning clinical maternal care and 
management in an evolving pandemic scenario.4 

Publications on covid-19 in pregnancy have risen 
steeply through individual case reports, case series, 
observational studies, and systematic reviews. Since 
the publication of our first version of the living 
systematic review on covid-19 in pregnancy,5 over 
150 reviews have been published in this area,6-11 with 
many more registered in PROSPERO.9 12 Early reviews 

 
mostly included case reports and case series that were 
often inappropriately meta-analysed providing biased 
estimates.13 Subsequent reviews differed little from 
each other, often including similar primary studies, 
many with duplicate data. These reviews became 
quickly outdated as new evidence emerged. Moreover, 
the sampling frames in primary studies have varied, 
ranging from universal SARS-CoV-2 testing for all 
pregnant women admitted to hospital14 15 to symptom 
based testing.16 17 Testing strategies have also differed 
within and between countries, with diagnosis in 
many early studies based on epidemiological risk 
assessment and clinical features without confirmed 
SARS-CoV-2 infection, which need to be considered in 
the analysis.18 Limitations in the external and internal 
validity of studies make it challenging for guideline 
developers and policy makers to make evidence based 
recommendations for the management of pregnant 
and recently pregnant women with covid-19. 

We started this living systematic review in April 2020 
to determine the clinical manifestations of covid-19 in 
pregnant and recently pregnant women, identify the 
risk factors for complications, and quantify maternal 
and perinatal outcomes. The systematic review is being 
updated on a regular basis. 

 
Methods 
Our systematic review is based on a prospectively 
registered protocol (PROSPERO CRD42020178076; 
registered 22 April 2020)19 to evaluate a series of 
research questions on covid-19 during and after 
pregnancy. We report our findings on the rates, 
clinical manifestations, risk factors, and maternal and 
perinatal outcomes in women with covid-19 in line with 
the preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) recommendations (see 
appendix 1). As more relevant data become availa- 
ble, we shall address the research   questions   in 
our published protocol.20 Each cycle of our living 
systematic review involves weekly search updates 
(rounds), with analysis performed every 2-4 months 
for reporting through a dedicated website, with early 
analysis if new definitive evidence emerges. We are 
regularly reviewing the planned frequency of updates. 

 
literature search 
For the first publication of the review, we performed 
a systematic search of major databases: Medline, 
Embase, Cochrane database, WHO (World Health 
Organization) COVID-19 database, China National 
Knowledge Infrastructure (CNKI), and Wanfang data- 
bases from 1 December 2019 to 26 June 2020 for 
relevant studies on covid-19 in pregnant and recently 
pregnant women.5 For this first update of the review, we 
searched databases up to 6 October 2020. To identify 
potential studies, we coordinated our search efforts 
with the Evidence for Policy and Practice Information 
and Co-ordinating Centre (EPPI-Centre), the WHO 
Library, and the Cochrane Gynaecology and Fertility 
group. Additional searches were conducted of preprint 
servers, blogs, websites that serve as repositories 
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for covid-19 studies, social media, guidelines, and 
reference lists of included studies and unpublished 
data. We also searched the Living Overview of the 
Evidence (LOVE) platform from June 2020.21 We 
contacted established groups that were coordinating 
or conducting surveillance and studies in pregnant 
women with covid-19, such as the WHO Maternal, 
Newborn, Child and Adolescent health (MNCAH) 
covid-19 research network, the International Network 
of Obstetric Survey Systems (INOSS), the United States 
Centers for Disease Control and Prevention (CDC), 
and the European Centre for Disease Prevention and 
Control for information on published and upcoming 
data. No language restrictions were applied. Appendix 
2 provides details of the search strategies and 
databases searched. 

 
study selection 
Two reviewers independently selected studies using 
a two stage process: they first screened the titles 
and abstracts of studies and then assessed the full 
text of the selected studies in detail for eligibility. A 
total of 10 reviewers contributed to study selection. 
Disagreements were resolved through discussion 
with a third reviewer (ST or JA). We excluded studies 
if the duplicated data for all outcomes of interest were 
published elsewhere, as reported by the study authors, 
or when the characteristics of the mother or neonate 
matched the setting, characteristics, and duration of 
another study from the same geographical location. 
When we suspected an overlap of data between 
studies, the study that provided comparative data was 
included. If there was an overlap of data or suspicion 
of duplicates of participants in studies between the 
previous and current versions of the living systematic 
review, we included studies based on their study design 
(prioritising comparative cohorts), and sample size 
(larger study prioritised). When there was uncertainty 
about duplicate data, we contacted the authors of 
primary studies. 

We defined women as having confirmed covid-19 
if they had laboratory confirmation of SARS-CoV-2 
infection irrespective of clinical signs and symptoms.22 
Women with a diagnosis based only on clinical or 
radiological findings were defined as having suspected 
covid-19. The recently pregnant group comprised 
women in the postpartum and post-abortion period. We 
included studies that compared covid-19 rates, clinical 
manifestations (symptoms, laboratory and radiological 
results), risk factors, and associated mortality and 
morbidity between pregnant and recently pregnant 
and non-pregnant women of reproductive age, and 
those that compared maternal and perinatal outcomes 
in pregnant women with and without covid-19. In 
studies comparing maternal and perinatal outcomes 
of pregnant women with covid-19 to those without, we 
classified the comparative controls as being historical 
if the cohort of pregnant women without covid-19 
were pregnant before December 2019. Studies on non- 
comparative cohorts with a minimum of 10 participants 
were included if they reported on the rates and clinical 

 
manifestations of covid-19 and relevant outcomes in 
pregnant and recently pregnant women. We defined 
cohort studies as those that sampled participants on 
the basis of exposure, followed-up participants over 
time, and ascertained the outcomes.23 The PROSPERO 
protocol provides a full list of the risk factors, clinical 
features, and outcomes evaluated.19 

The sampling frames for detecting covid-19 included 
universal screening and testing, when all women were 
assessed for covid-19 using reverse transcriptase 
polymerase chain reaction (RT-PCR) for SARS-CoV-2 
or chest computed tomography; risk based testing 
on the basis of epidemiological history and clinical 
manifestations by National Health Commission of 
China (NHCC) guidelines18; and symptom based when 
testing was performed on women with symptoms and 
those with a history of contact with affected individuals. 
We defined the population as being selected when 
only specific groups of women were included, such 
as those undergoing caesarean section or in the third 
trimester. We categorised studies as a high risk group if 
only women with any pre-existing medical or obstetric 
risk factors were included, low risk if women did not 
have any risk factors, and any risk if all women were 
included. 

 
study quality assessment and data extraction 
The quality of the comparative cohort studies was 
assessed for selection, comparability, and outcome 
ascertainment bias using the Newcastle Ottawa 
scale.24 Studies achieving four stars for selection, two 
for comparability, and three for ascertainment of the 
outcome were considered to have a low risk of bias. 
Studies achieving two or three stars for selection, one 
for comparability, and two for outcome ascertainment 
were considered to have a medium risk of bias, 
and any study achieving one star for selection or 
outcome ascertainment, or zero for any of the three 
domains, was regarded as having a high risk of bias. 
We assessed the quality of studies reporting on the 
prevalence of clinical manifestations or outcomes for 
internal and external validity using an existing tool.25 
The following were considered as low risk of bias for 
external validity: representative of national population 
for relevant variables (population), representative of 
target population (sampling frame), random selection 
(selection bias), and more than 75% response rate 
in individuals with and without the outcome (non- 
response bias).25 Two independent reviewers extracted 
data using a pre-piloted form. 

 
statistical analysis 
We pooled the comparative dichotomous data using 
random   effects   meta-analysis   and    summarised 
the findings as odds ratios with 95% confidence 
intervals. To combine comparative continuous data 
with dichotomous data we transformed standardised 
mean differences to logarithm odds ratios, assuming 
a normal underlying distribution.26 We pooled the 
dichotomous non-comparative data for rates of clinical 
manifestations and maternal and perinatal outcomes 
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130 861 
Citations identified 

130 523 Electronic databases from inception to 13 October 2020 
338 Other sources* and reference lists 

 
128 827 

Total articles excluded 
22 247 Irrelevant articles 

106 580 Duplicates 

 
2034 

Full text articles assessed for eligibility 

 
1842 

Total articles excluded 
690 Inappropriate study design 
494 Inappropriate population 
341 Duplicate publication 
194 Inappropriate outcome 

74 Inappropriate exposure 
46 Duplicate/overlapping population 

2 Article not found 
1 Animal study 

 
192 

Studies included 
(64 676 pregnant and recently pregnant women with covid-19; 

569 981 non-pregnant reproductive aged women with covid-19) 
Prevalence of covid-19 (73 studies) 

Risk factors for covid-19 and complications (108 studies) 
Clinical manifestations of covid-19 (82 studies) 

Covid-19 related outcomes (92 studies) 
Pregnancy related maternal and perinatal outcomes (95 studies) 

 
 
 

as proportions with 95% confidence intervals using 
Dersimonian and Laird random effects meta-analysis 
after transforming data using Freeman-Tukey double 
arcsin transformation. Heterogeneity was reported 
as I2 statistics. We undertook subgroup analysis by 
country status (high income v low and middle income), 
sampling frame (universal, risk based, and symptom 
based testing, including not reported), and risk status 
of women in the studies (high, low, any). Sensitivity 
analysis was performed by restricting the analysis 
to women with confirmed covid-19, study quality 
(high, low), and population (unselected, selected). All 
analyses were done with Stata (version 16). 

 
Patient and public involvement 
The study was supported by Katie’s Team, a dedicated 
patients and public involvement group in Women’s 

 
 

 
Fig 1 | study selection process. *twitter, national reports, blog by j thornton, Obg 
Project, cOviD-19 and Pregnancy cases, www.obgproject.com/2020/04/07/covid-19- 
research-watch-with-dr-jim-thornton/; ePPi-centre, cOviD-19: a living systematic map 
of evidence, http://eppi.ioe.ac.uk/cms/Projects/DepartmentofHealthandsocialcare/ 
Publishedreviews/cOviD-19livingsystematicmapoftheevidence/tabid/3765/ 
Default.aspx; norwegian institute of Public Health, niPH systematic and living map 
on  cOviD-19  evidence,  www.nornesk.no/forskningskart/niPH_mainmap.html; 
johns Hopkins university center for Humanitarian Health; cOviD-19, maternal and 
child Health, nutrition, http://hopkinshumanitarianhealth.org/empower/advocacy/ 
covid-19/covid-19-children-and-nutrition/; researchgate, cOviD-19 research 
community, www.researchgate.net/community/cOviD-19; and living Overview 
of the evidence, coronavirus disease (cOviD-19), https://app.iloveevidence.com/ 
loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459 

 
Health. The team was involved in the conduct, 
interpretation, and reporting of this living systematic 
review through participation in virtual meetings. 

 
results 
In the original review, 20 625 unique citations were 
identified after removing duplicates from 49 684 
citations, with 77 cohort studies included in the review.5 
After removing duplicates from 130 861 citations, 
24 281 unique citations were identified and 192 cohort 
studies (131 comparative, 61 non-comparative) were 
included in this update of the systematic review (fig 
1). Two studies included in the original systematic 
review were excluded from the update because the 
information reported in those studies were reported in 
more recent and larger studies.27 28 

 
characteristics of included studies 
Of 192  studies,  58  (30%)  were  from  the  United 
States; 31 from China (16%); 17 from Italy; 15 from 
Spain; eight from Turkey; seven each from the United 
Kingdom and India; five each from Brazil, France, and 
Mexico; three each from Iran and Portugal; two each 
from Belgium, Denmark, the Netherlands, Peru, and 
Sweden; and one each from Bangladesh, Chile, Estonia, 
Israel, Japan, Germany, Ireland, Kuwait, Pakistan, 
Qatar, Romania, Russia, and Switzerland. Most studies 
tested respiratory samples using RT-PCR to confirm 
the presence of SARS-CoV-2 (97%, 187/192); five 
studies tested for SARS-CoV-2 antibodies to confirm 
the diagnosis of covid-19; 43 studies additionally 
diagnosed covid-19 based only on clinical suspicion. 
Fourteen studies (602 565 women) compared pregnant 
populations with   non-pregnant   populations,29-42 
and 47 studies (26 017 women) compared pregnant 
women with covid-19 versus pregnant women without 
covid-19.43-89 Eighty two cohort studies reported on 
clinical manifestations (41 396 pregnant, 434 348 non-
pregnant women), 92 studies reported on covid-19 
related maternal outcomes (49 443 pregnant, 568 386 
non-pregnant women), and 95 studies reported on 
pregnancy related maternal (54 943 women) and 
perinatal outcomes (9466 neonates) (see appendix 
3). The sampling frames included universal testing 
(89 studies), risk based NHCC guidelines (25 studies), 
and symptom based (32 studies) strategies. Forty six 
studies did not report the sampling strategy. 

 
Quality of included studies 
Overall, 56% (73/131) of the comparative cohort 
studies evaluated using the Newcastle Ottawa scale 
had an overall low risk of bias (see appendix 4a). 
Most (93%, 122/131) had a low risk of bias for study 
selection and nine (7%) had a medium risk. The risk of 
bias for comparability of cohorts was low in 59 of the 
studies (45%), medium in 71 (54%), and high in one 
(1%). For outcome assessment of the cohorts, 47 (36%) 
studies had a low risk of bias, 82 (63%) a medium risk, 
and two (2%) a high risk. Quality assessment of the 
prevalence studies for external validity showed a low 
risk of bias for representativeness in 15% (28/192) of 
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the studies, sampling in 30% (57/192), selection in 
82% (157/192), and non-response in 99% (191/192). 
For internal validity, there was low risk of bias for 
data collection in 96% (184/192) of the studies, case 
definition in 56% (108/192), measurement in 98% 
(189/192), differential verification in 95% (182/192), 
adequate follow-up in 35% (67/192), and appropriate 
numerator and denominator in 92% (177/192) (see 
appendix 4b). 

 
rates of covid-19 in pregnant and recently pregnant 
women 
The overall rate of covid-19 diagnosis in pregnant 
and recently pregnant women attending or admitted 
to hospital for any reason was 10% (95% confidence 
interval 7% to 12%; 73 studies, 67 271 women; fig 2 
and fig 3). Rates varied by sampling strategy: of the 
women sampled by universal screening, 7% (5% to 
8%; 60 studies, 57 144 women) were diagnosed as 
having covid-19 compared with 28% (15% to 43%; 11 
studies, 2436 women) of women sampled on the basis 
of symptoms. Most studies with a prevalence rate for 
covid-19 greater than 15% were from the US, except 
for two studies from the UK, and one each from Mexico, 
Turkey, France, and Iran.90-95 One in 20 asymptomatic 
women (4%, 3% to 7%; 26 studies) attending or 
admitted to hospital had a diagnosis of covid-19 (see 
appendix 5a). Three quarters (73%, 62% to 82%; 38 
studies) of the 906 pregnant women with covid-19 in 
the universal screening population were asymptomatic 
(see appendix 5b). Non-white ethnicity was associated 
with a diagnosis of covid-19 in pregnancy (odds ratio 
1.66, 95% confidence interval 1.01 to 2.72; 11 studies; 
8691 women); none of the other maternal factors 
assessed were associated with a diagnosis of covid-19 
in pregnant women (see appendix 6a). 

 
clinical manifestations of covid-19 during 
pregnancy and after delivery 
The most common symptoms reported by pregnant 
and recently pregnant women with suspected or 
confirmed covid-19 were fever (40%) and cough 
(41%); raised white cell count (26%), lymphopaenia 
(33%) and raised C reactive protein levels (49%) 
were the most common laboratory findings (fig 4). 
Compared with non-pregnant women of reproductive 
age with covid-19, pregnant and recently pregnant 
women with the disease were less likely to have 
symptoms (odds ratio 0.28, 95% confidence interval 
0.13 to 0.62; 4 studies; 462 051 women), or manifest 
symptoms of fever (0.49, 0.38 to 0.63; 11 studies, 
240 324 women), dyspnoea (0.76, 0.67 to 0.85; 11 
studies; 240 324 women)  and  myalgia  (0.53,  0.36 
to 0.78; 8 studies, 240 105 women) (fig 5). Pregnant 
women with covid-19 had increased body mass index 
compared to non-pregnant women with the disease 
(1.98, 1.74 to  2.26;  2  studies,  461  897  women), 
and were more likely to have pre-existing diabetes 
(1.35, 1.24 to 1.46; 5 studies, 462 262 women) (see 
appendix 6b). Sensitivity analysis restricted to various 
sampling frames showed lower estimates of reported 

 
symptoms in the universal screening population and 
higher estimates of fever, cough, and dyspnoea in the 
symptom-based population (see appendix 7). The rates 
of clinical manifestations varied when the analysis 
was restricted to only women with RT-PCR confirmed 
covid-19, unselected populations, and women with 
any risk (see appendix 7). 

 
Outcomes related to covid-19 in pregnant and 
recently pregnant women 
Overall, 339 pregnant women (59 studies, 41 664 
women) with confirmed covid-19 died from any cause 
(0.02%, 95% confidence interval 0.00% to 0.42%). 
Severe covid-19 infection as defined by the authors, 
was diagnosed in 10% (6% to 15%; 39 studies, 5621 
women) of pregnant and recently pregnant women 
with suspected or confirmed covid-19; 4% (2% to 
7%; 50 studies, 41 288 women) of pregnant women 
with covid-19 were admitted to an intensive care unit, 
3% (1% to 5%; 31 studies, 42 026 women) required 
invasive ventilation, and 0.2% (0.0% to 0.7%; 13 
studies, 33 521 women) required extracorporeal 
membrane oxygenation (ECMO) (fig 4). Appendix 
8 provides the rates of complications by sampling 
strategy. Compared with non-pregnant women of 
reproductive age with covid-19, the odds of admission 
to the intensive care unit (odds ratio 2.13, 95% 
confidence interval 1.53 to 2.95; seven studies, 601 
108 women) and need for invasive ventilation (2.59, 
2.28 to 2.94; six studies, 601 044 women) and ECMO 
(2.02, 1.22 to 3.34; two studies, 461 936  women) 
were higher in pregnant and recently pregnant women 
(table 1). 

Maternal risk factors associated with severe covid-19 
were increasing age (odds ratio 1.83, 95% confidence 
interval 1.27 to 2.63; seven studies, 3561 women), 
high body mass index (2.37, 1.83 to 3.07; five studies, 
3367 women), any pre-existing maternal comorbidity 
(1.81, 1.49 to 2.20; 3 studies; 2634 women), chronic 
hypertension  (2.0,  1.14  to  3.48;  two  studies,  858 
women), pre-eclampsia (4.21, 1.27 to 14.0; 4 studies; 
274 women), and pre-existing diabetes (2.12, 1.62 
to 2.78; 3 studies, 3333 women) (fig 6). Increasing 
maternal age (2.11, 1.69 to 2.63; 7 studies, 31 710 
women), high body mass index (2.71, 1.10 to 6.63; 4 
studies, 31 456 women), non-white ethnicity (1.66, 
1.20 to 2.29; 4 studies, 31 543 women), pre-existing 
maternal comorbidity (1.70, 1.34 to 2.15; 5 studies, 
31 512 women), chronic hypertension (4.72, 2.37 to 
9.41; 5 studies, 31 433 women), pre-existing diabetes 
(4.67, 1.94 to 11.22; 6 studies, 31 473 women), and 
gestational diabetes (3.27, 1.55 to 6.89;  2  studies, 
777 women), were associated  with  admission  to 
an intensive care unit. Risk factors associated with 
maternal death and the need for invasive ventilation 
included: non-white ethnicity (1.61, 1.05 to 2.47; 3 
studies, 31 469 women; 2.23, 1.25 to 3.97; 1 study, 
669 women; respectively), and high body mass index 
(2.27, 1.20 to 4.31; 3 studies, 31 085 women; 6.61, 
1.98 to 22.02; 2 studies, 485 women; respectively; 
table 2). 
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Author Round No of events/ 
total 

 Rate ratio 
(95% CI) 

 Rate ratio 
(95% CI) 

Universal screening       
Vintzileos W 2020 1 32/161    0.20 (0.14 to 0.27) 
Tassis B 2020 2 3/139    0.02 (0.01 to 0.06) 
Khalil A 2020 2 9/129    0.07 (0.04 to 0.13) 
Gagliardi L 2020 3 3/533    0.01 (0.00 to 0.02) 
Naqvi M 2020 3 1/82    0.01 (0.00 to 0.07) 
Ceulemans D 2020 3 13/470    0.03 (0.02 to 0.05) 
Miller E 2020 3 23/635    0.04 (0.02 to 0.05) 
Doria M 2020 3 12/103    0.12 (0.07 to 0.19) 
London V 2020 3 10/75    0.13 (0.07 to 0.23) 
Bianco A 2020 3 24/158    0.15 (0.10 to 0.22) 
Goldfarb IT 2020 4 20/757    0.03 (0.02 to 0.04) 
LaCourse S 2020 4 5/188    0.03 (0.01 to 0.06) 
Ochiai D 2020 4 2/52    0.04 (0.01 to 0.13) 
Freiesleben N 2020 5 30/1055    0.03 (0.02 to 0.04) 
Cosma S 2020 5 23/225    0.10 (0.07 to 0.15) 
Crovetto F 2020 5 125/874    0.14 (0.12 to 0.17) 
Fassett MJ 2020 6 17/3923    0.00 (0.00 to 0.01) 
Blitz M (2) 2020 6 71/382    0.19 (0.15 to 0.23) 
Santos RR 2020 7 2/428    0.00 (0.00 to 0.02) 
Khalil A (2) 2020 7 19/1718    0.01 (0.01 to 0.02) 
Berkowitz KM 2020 7 10/492    0.02 (0.01 to 0.04) 
Ferrazzi E (2) 2020 7 49/1566    0.03 (0.02 to 0.04) 
Adeysuriya S 2020 7 7/178    0.04 (0.02 to 0.08) 
Flannery DD 2020 7 98/1293    0.08 (0.06 to 0.09) 
Yassa M (2) 2020 7 23/296    0.08 (0.05 to 0.11) 
Dodesini AR 2020 7 2/14    0.14 (0.04 to 0.40) 
Nayak AH 2020 7 141/977    0.14 (0.12 to 0.17) 
Salvatore CM 2020 8 116/1481    0.08 (0.07 to 0.09) 
Huerta Saenz IH 2020 8 29/316    0.09 (0.06 to 0.13) 
Cronin S 2020 8 11/114    0.10 (0.05 to 0.16) 
Emeruwa U (1) 2020 8 100/673    0.15 (0.12 to 0.18) 
Sakowicz A 2020 9 101/1418    0.07 (0.06 to 0.09) 
Maru S 2020 9 46/124    0.37 (0.29 to 0.46) 
Llorca J 2020 10 8/477    0.02 (0.01 to 0.03) 
Massarotti C 2020 10 7/333    0.02 (0.01 to 0.04) 
Youssef A 2020 10 3/75    0.04 (0.01 to 0.11) 
Blitz MJ (3) 2020 10 500/4674    0.11 (0.10 to 0.12) 
Farghaly MAA 2020 10 15/79    0.19 (0.12 to 0.29) 
Franchi M (2) 2020 11 2/473    0.00 (0.00 to 0.02) 
Zollkau J 2020 11 1/180    0.01 (0.00 to 0.03) 
Zaharie G 2020 11 5/229    0.02 (0.01 to 0.05) 
Egerup P 2020 11 30/1313    0.02 (0.02 to 0.03) 
Cubo AM 2020 11 25/366    0.07 (0.05 to 0.10) 
Mattern J 2020 11 20/249    0.08 (0.05 to 0.12) 
Pineles BJ 2020 11 77/935    0.08 (0.07 to 0.10) 
Ruggiero M 2020 11 28/315    0.09 (0.06 to 0.13) 
Kalafat E (1) 2020 11 82/601    0.14 (0.11 to 0.17) 
Veerus P 2020 12 2/433    0.00 (0.00 to 0.02) 
Encinas Pardilla MB 2020 12 338/16 308    0.02 (0.02 to 0.02) 
Cavaliere AF 2020 12 6/226    0.03 (0.01 to 0.06) 
Kelly JC (1) 2020 12 25/532    0.05 (0.03 to 0.07) 
Ahlberg M 2020 12 156/2682    0.06 (0.05 to 0.07) 
Waghmare R 2020 12 141/1140    0.12 (0.11 to 0.14) 
ROI covid 19 Update 2020 12 70/495    0.14 (0.11 to 0.17) 
Vinuela MC 2020 12 15/100    0.15 (0.09 to 0.23) 
Haizler-Cohen L 2020 12 284/1671    0.17 (0.15 to 0.19) 
Diaz-Corvillon P 2020 13 37/583    0.06 (0.05 to 0.09) 
Wang M 2020 13 53/813    0.07 (0.05 to 0.08) 
Ahmed I (2) 2020 13 86/355    0.24 (0.20 to 0.29) 
Malhotra Y (1) 2020 13 138/478    0.29 (0.25 to 0.33) 
Subtotal: I2=98.0%, P=0.00      0.07 (0.05 to 0.08) 

   0  0.911  
    Proportion   

 

Fig 2 | Prevalence of severe acute respiratory syndrome coronavirus 2 in pregnant and recently pregnant women identified by universal screening. 
meta-analysis includes one study (liao 2020)46 screened using national Health commission china criteria with no events. round number represents 
search strategy updates in the living systematic review. Overall estimate for sampling strategies can be found in figure 3 

RESEARCH  

BM
J: first published as 10.1136/bm

j.m
3320 on 1 Septem

ber 2020. D
ow

nloaded from
 http://w

w
w

.bm
j.com

/ on 5 April 2021 by guest. Protected by copyright. 

http://www.bmj.com/


the bmj | BMJ 2020;370:m3320 | doi: 10.1136/bmj.m3320 7  

 
 
 

maternal and perinatal outcomes in pregnant and 
recently pregnant women with covid-19 
In pregnant and recently pregnant women with 
covid-19 compared with pregnant and recently 
pregnant women without the disease, the odds of 
all cause mortality (odds ratio 2.85, 95% confidence 
interval 1.08 to 7.51; 8 studies, 4820 women), and 
admission to the intensive care unit (18.58, 95% 
confidence interval 7.53 to 45.82; 7 studies, 4990 
women) were higher (table 1). In pregnant and recently 
pregnant women with covid-19, the overall rate of 
preterm birth was 17% (95% confidence interval 14% 
to 19%; 70 studies, 9369 women) and of spontaneous 
preterm birth was 6% (4% to 9%; 17 studies, 1629 
women) (fig 4). Seventy two stillbirths (47 studies; 
9020 offspring) and 41 neonatal deaths (51 studies; 
8263 neonates) occurred among these women (fig 4). 
Compared to pregnant and recently pregnant women 
without the disease, pregnant women with covid-19 
were at higher risk of any preterm birth (odds ratio 1.47, 
95% confidence interval 1.14 to 1.91; 18 studies, 8549 
women) and stillbirth (2.84, 95% confidence interval 
1.25 to 6.45; 9 studies, 5794 women), although the 
overall number of stillbirth was small (only nine events 
in the covid-19 group). 

Overall,  33%  (95%  confidence  interval  24%  to 
43%; 41 studies, 3323 women) of neonates born to 
women with covid-19 were admitted to the neonatal 
intensive care unit (NICU) (fig 4), with a higher risk 
of NICU admission (odds ratio 4.89, 95% confidence 

 
interval 1.87 to 12.81; 10 studies, 5873 neonates) 
than neonates born to women without the disease. No 
differences were observed for other perinatal outcomes. 
Appendix 9 provides the rates of covid-19 related 
and pregnancy related outcomes for the individual 
studies. 

 
discussion 
Compared with the original version of our living 
systematic review, the findings in this update remain 
consistent for prevalence of covid-19, rates of clini- 
cal manifestations, and outcomes in pregnant and 
recently pregnant women. One in 10 pregnant or 
recently pregnant women who are attending or 
admitted to hospital for any reason were diagnosed as 
having suspected or confirmed covid-19, although the 
rates vary by sampling strategy. Pregnant and recently 
pregnant women were more likely to be asymptomatic 
than non-pregnant women of reproductive age, and 
showed covid-19 related symptoms of fever, dyspnoea, 
and myalgia less often than non-pregnant women with 
covid-19. Whereas testing for SARS-CoV-2 in non- 
pregnant women is based on symptoms or contact 
history, testing in pregnant women is usually done 
when they are in hospital for reasons that might not 
be related to covid-19. Pregnant or recently pregnant 
women with covid-19 seem to be at increased risk 
of requiring admission to an intensive care unit, 
invasive ventilation, and extra corporeal membrane 
oxygenation compared to non-pregnant, reproductive 

 
 

Author Round No of events/ 
total 

 Rate ratio 
(95% CI) 

 Rate ratio 
(95% CI) 

Symptom based screening      
Campbell K 2020 3 30/770    0.04 (0.03 to 0.06) 
Fox N 2020 3 33/757    0.04 (0.03 to 0.06) 
Qadri F 2020 3 16/192    0.08 (0.05 to 0.13) 
Duffy C 2020 3 15/37    0.41 (0.26 to 0.57) 
London V 2020 3 58/81    0.72 (0.61 to 0.80) 
LaCourse S 2020 4 8/42    0.19 (0.10 to 0.33) 
Griffin I 2020 5 26/78    0.33 (0.24 to 0.44) 
Vivanti A (1) 2020 6 99/240    0.41 (0.35 to 0.48) 
Antoun L 2020 7 23/79    0.29 (0.20 to 0.40) 
Farhat AS 2020 7 20/25    0.80 (0.61 to 0.91) 
Reforma LG 2020 8 22/135    0.16 (0.11 to 0.23) 

Subtotal: I2=98.0%, P=0.00     0.28 (0.15 to 0.43) 
Not known      
Gobierno de Mexico (06/06)  6 1935/5238    0.37 (0.36 to 0.38) 
Sahin D 2020 7 29/100    0.29 (0.21 to 0.39) 
Zhang P 2020 9 74/364    0.20 (0.17 to 0.25) 
Cojocaru L 2020 13 86/1989    0.04 (0.04 to 0.05) 

Subtotal: I2=99.7%, P=0.00     0.21 (0.04 to 0.47) 

Overall: I2=98.97%, P=0.00     0.10 (0.07 to 0.12) 
with estimated predictive interval  0  0.911 (0.00 to 0.38) 

   Proportion   

 

Fig 3 | Prevalence of severe acute respiratory syndrome coronavirus 2 in pregnant and recently pregnant women identified by symptom based 
screening and unknown sampling strategies. meta-analysis includes one study (liao 2020)46 screened using national Health commission china 
criteria with no events. symptom based screening includes screening based on symptoms or history of contact with individuals with covid-19. round 
number represents search strategy updates in the living systematic review. Overall estimate for sampling strategies also includes prevalence data 
identified by universal screening, which are shown in figure 2 
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aged women with covid-19. Increased maternal age, 
high body mass index, non-white ethnicity, and pre- 
existing comorbidities are associated with severe 
disease. Compared to pregnant women without 
covid-19, pregnant women with covid-19 are at 
increased risk of death, admission to the intensive 
care unit, delivering preterm, and their babies being 
admitted to the neonatal unit. The overall rates 
of stillbirth and neonatal death are low in women 
with suspected or confirmed covid-19. Substantial 
heterogeneity was observed in the estimates for rates 

 
of clinical manifestations and outcomes, which varied 
by sampling frames, participant selection, and risk 
status of the participants. 

This update of the living systematic review includes 
more than double the number of studies included in the 
original version, and five times more pregnant women 
with covid-19. In addition to an increase in precision of 
the estimates for previously identified risk factors (age, 
body mass index, and comorbidities such as diabetes 
and chronic hypertension) for serious complications in 
pregnant and recently pregnant women with covid-19, 

 
Clinical manifestation Studies No of events/ 

total 
Proportion 

(95% CI) 
Proportion 

(95% CI) 
I2 (%) 

(P value) 
Range 

 

Clinical manifestations 
Symptoms 

 

Fever 53 8033/39 429  0.40 (0.31 to 0.49) 99.2 (0.00) (0.05-0.78) 
Cough 53 10 379/39 641  0.41 (0.33 to 0.50) 99.1 (0.00) (0.03-0.83) 
Dyspnoea 42 5408/39 014  0.21 (0.15 to 0.28) 98.7 (0.00) (0.00-0.62) 
Myalgia 22 5196/34 663  0.19 (0.12 to 0.27) 98.4 (0.00) (0.00-0.67) 
Ageusia 10 83/776  0.14 (0.06 to 0.24) 89.6 (0.00) (0.03-0.55) 
Diarrhoea 29 2236/38 206  0.08 (0.06 to 0.10) 93.4 (0.00) (0.00-0.53) 

Laboratory findings       
Raised WCC 13 159/580  0.26 (0.14 to 0.40) 90.9 (0.00) (0.00-0.65) 
Lymphopaenia 27 659/1833  0.33 (0.25 to 0.41) 90.4 (0.00) (0.00-0.90) 
Thrombocytopaenia 13 91/1383  0.06 (0.02 to 0.10) 86.3 (0.00) (0.00-0.35) 
Abnormal LFTs 12 99/641  0.13 (0.06 to 0.21) 84.8 (0.00) (0.00-0.36) 
Raised PCT 5 60/261  0.21 (0.00 to 0.59) 96.6 (0.00) (0.00-0.97) 
Raised CRP 10 298/637  0.49 (0.36 to 0.62) 89.5 (0.00) (0.10-0.71) 

Radiological findings       
Ground glass appearance 14 338/569  0.69 (0.46 to 0.87) 96.3 (0.00) (0.09-1.00) 
Any CT abnormality 24 694/2120  0.64 (0.47 to 0.80) 98.2 (0.00) (0.02-1.00) 

Maternal and perinatal outcomes 
Clinical outcomes 
Covid-19 related outcomes 
All cause mortality 59 339/41 664   0.00 (0.00 to 0.00) 91.8 (0.00) (0.00-0.08) 
Admission to ICU 50 1373/41 288   0.04 (0.02 to 0.07) 97.5 (0.00) (0.00-0.29) 
Severe covid-19 39 633/5621   0.10 (0.06 to 0.15) 94.4 (0.00) (0.00-1.00) 
Invasive ventilation 31 668/42 026   0.03 (0.01 to 0.05) 97.5 (0.00) (0.00-0.13) 
ECMO 13 37/33 521   0.00 (0.00 to 0.00) 76.0 (0.00) (0.00-0.01) 
Oxygen/cannula 17 261/1522   0.22 (0.12 to 0.36) 96.2 (0.00) (0.02-1.00) 
ARDS 15 315/2348   0.07 (0.01 to 0.17) 97.8 (0.00) (0.00-0.51) 
Pneumonia 36 1257/7198   0.35 (0.26 to 0.45) 97.9 (0.00) (0.00-1.00) 
Cardiac/liver/renal failure 

Pregnancy related outcomes 
Preterm birth <37 weeks 

13 
 
70 

15/2046 
 

1406/9396 

  0.00 (0.00 to 0.00) 
 
0.17 (0.14 to 0.19) 

28.3 (0.16) 
 
79.6 (0.00) 

(0.00-0.13) 
 
(0.00-0.57) 

Spontaneous preterm birth 17 104/1629   0.06 (0.04 to 0.09) 67.2 (0.00) (0.00-0.31) 
PPROM <37 weeks 18 58/993   0.05 (0.03 to 0.07) 29.7 (0.11) (0.00-0.21) 
Caesarean section 75 3760/9725   0.54 (0.49 to 0.58) 93.4 (0.00) (0.00-1.00) 
Vaginal delivery 74 5410/9708   0.46 (0.42 to 0.50) 91.8 (0.00) (0.00-1.00) 
Postpartum haemorrhage 

Offspring outcomes 
Stillbirth 

15 
 
47 

91/908 
 

72/9020 

  0.08 (0.03 to 0.14) 
 
0.00 (0.00 to 0.00) 

86.7 (0.00) 
 
31.2 (0.02) 

(0.00-0.30) 
 
(0.00-0.24) 

Neonatal death 51 41/8263   0.00 (0.00 to 0.00) 33.0 (0.01) (0.00-0.13) 
Admission to neonatal unit 41 934/3323   0.33 (0.24 to 0.43) 96.8 (0.00) (0.00-1.00) 
Neonatal sepsis 6 9/499   0.01 (0.00 to 0.03) 22.6 (0.26) (0.01-0.06) 
Abnormal Apgar score 31 42/1479   0.01 (0.00 to 0.02) 34.8 (0.03) (0.00-0.26) 
Fetal distress 17 65/553   0.11 (0.08 to 0.15) 40.2 (0.04) (0.04-0.50) 

   0 0.1 0.2 0.3 0.4 0.5 0.6 
Proportion 

0.7 0.8 0.9 1.0    

 
Fig 4 | rates of clinical manifestations of coronavirus disease 2019 (covid-19) in pregnant women and recently pregnant women with suspected 
or confirmed covid-19 and associated maternal and perinatal outcomes. ecmO=extracorporeal membrane oxygenation; arDs=acute respiratory 
distress syndrome; PPrOm=preterm premature rupture of membranes; wcc=white cell count; lFt=liver function test; Pct=procalcitonin; crP=c 
reactive protein; ct=computed tomography; icu=intensive care unit 
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in this update, we identified additional risk factors 
such as non-white ethnicity, and potential association 
with pregnancy specific conditions such as gestational 

 
diabetes and pre-eclampsia, and increased risk of 
adverse outcomes in pregnant women with covid-19 
than without the disease. 

 
 

Symptoms Pregnant women 
with covid-19 n/N 

Non-pregnant women 
with covid-19 n/N 

 Odds ratio 
(95% CI) 

   Odds ratio 
(95% CI) 

Any symptom          
Cheng B 2020 22/31 75/80       0.16 (0.05 to 0.54) 
Wei L 2020 15/17 24/26       0.62 (0.08 to 4.92) 
Wang Z 2020 22/30 42/42       0.03 (0.00 to 0.56) 
Zambrano LD 2020 23 434/30 415 386 028/431 410       0.39 (0.38 to 0.41) 

Subtotal: I2=42.9%, P=0.15 23 494/30 493 386 169/431 558       0.28 (0.13 to 0.62) 
Fever          
Liu F 2020 8/21 14/19       0.22 (0.06 to 0.85) 
Yin M 2020 17/31 30/35       0.20 (0.06 to 0.66) 
Qiancheng X 2020 5/28 29/54       0.19 (0.06 to 0.57) 
Cheng B 2020 15/31 49/80       0.59 (0.26 to 1.37) 
Wei L 2020 8/17 18/26       0.40 (0.11 to 0.77) 
Wang Z 2020 11/30 28/42       0.29 (0.11 to 0.77) 
Mohr-Sasson A 2020 3/11 15/25       0.25 (0.05 to 1.18) 
Xu S 2020 22/34 26/30       0.28 (0.08 to 1.00) 
Badr DA 2020 48/83 63/107       0.96 (0.54 to 1.71) 
Molteni E 2020 51/140 1159/2515       0.67 (0.47 to 0.95) 
Zambrano LD 2020 3328/17 385 68 536/219 580       0.52 (0.50 to 0.50) 

Subtotal: I2=40.8%, P=0.08 3516/17 811 69 967/222 513       0.49 (0.38 to 0.63) 
Cough          
Liu F 2020 6/21 8/19       0.55 (0.15 to 2.05) 
Yin M 2020 15/31 16/35       1.11 (0.42 to 2.93) 
Qiancheng X 2020 7/28 32/54       0.23 (0.08 to 0.63) 
Cheng B 2020 14/31 48/80       0.55 (0.24 to 1.27) 
Wei L 2020 9/17 12/26       1.31 (0.39 to 4.47) 
Wang Z 2020 5/30 21/42       0.20 (0.06 to 0.62) 
Xu S 2020 22/34 23/30       0.56 (0.19 to 1.68) 
Cerbulo-Vazquez A2020 4/6 3/5       1.33 (0.11 to 15.70) 
Badr DA 2020 65/83 76/107       1.47 (0.75 to 2.87) 
Molteni E 2020 116/140 1979/2515       1.31 (0.83 to 2.05) 
Zambrano LD 2020 5230/17 385 89 422/219 580       0.63 (0.61 to 0.65) 

Subtotal: I2=63.6%, P=0.00 1839/5468 23 647/75 053       0.72 (0.50 to 1.03) 
Dyspnoea          
Liu F 2020 1/21 1/19       0.90 (0.05 to 15.47) 
Yin M 2020 8/31 9/35       1.00 (0.33 to 3.03) 
Qiancheng X 2020 2/28 6/54       0.62 (0.12 to 3.27) 
Cheng B 2020 5/31 30/80       0.32 (0.11 to 0.92) 
Wei L 2020 1/17 1/26       1.56 (0.09 to 26.80) 
Wang Z 2020 1/27 4/45       0.39 (0.04 to 3.72) 
Mohr-Sasson A 2020 6/11 20/25       0.30 (0.06 to 1.40) 
Xu S 2020 7/34 10/30       0.52 (0.17 to 1.60) 
Badr DA 2020 25/83 46/107       0.57 (0.31 to 1.05) 
Molteni E 2020 87/140 1508/2515       1.10 (0.77 to 1.56) 
Zambrano LD 2020 2692/17 385 43 234/219 580       0.75 (0.72 to 0.78) 

Subtotal: I2=4.4%, P=0.40 2835/17 808 44 869/222 516       0.76 (0.67 to 0.85) 
Myalgia          
Yin M 2020 3/31 6/35       0.52 (0.12 to 2.27) 
Cheng B 2020 1/31 8/80       0.30 (0.04 to 2.50) 
Wei L 2020 0/17 1/26       0.49 (0.02 to 12.63) 
Xu S 2020 3/34 4/30       0.63 (0.13 to 3.07) 
Cerbulo-Vazquez A2020 4/6 1/5       8.00 (0.50 to 127.90) 
Badr DA 2020 26/83 70/107       0.24 (0.13 to 0.44) 
Molteni E 2020 89/140 1706/2515       0.83 (0.58 to 1.18) 
Zambrano LD 2020 3818/17 385 78 725/219 580       0.50 (0.49 to 0.52) 

Subtotal: I2=59.4%, P=0.02 3944/17 727 80 521/222 378       0.53 (0.36 to 0.78) 

   0.05 0.25 0.5 1 2 5  

 

Fig 5 | clinical manifestations of coronavirus disease 2019 (covid-19) in pregnant and recently pregnant women compared with non-pregnant women 
of reproductive age with covid-19 
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strengths and limitations of this review 
In this unprecedented pandemic situation, where 
evidence is rapidly produced and published in various 
formats, our living systematic review underpinned by 
robust methods and continually updated at regular 
intervals is relevant for several reasons. Firstly, it 
addresses   important   research   questions   relevant 
to clinical decision making and policies. Secondly, 
uncertainties remain for key outcomes that require 
further evidence. Thirdly, the rapid turnover of 
evidence in various formats requires assessments of 
study quality and regular updating of the findings. 
Finally, our living systematic review is producing 
strong evidence base for living guidelines on covid-19 
and pregnancy. 

We undertook a comprehensive search and 
coordinated our efforts with key organisations and 
research groups, such as WHO, the Cochrane Centre, 
and EPPI-Centre. To minimise risk of bias we restricted 
our meta-analysis to cohort studies, and we reported 
the quality of the included studies. By contacting 
the authors and obtaining reports not published in 
PubMed, we minimised the risk of missing relevant 
studies. Our systematic review has a large sample size 
and it is continuously increasing. Our living meta- 
analyses framework will enable us to rapidly update 
the findings as new data emerge. We undertook 
extensive work to ensure that duplicate data are 
not included. Our various comparative analyses 
allowed us to comprehensively assess the association 
between pregnancy and covid-19 related outcomes, 
covid-19 and pregnancy outcomes, risk factors for 
SARS-CoV-2 infection, and complications. Our review 
helps to understand the variations in estimates 
through sensitivity analyses by sampling strategies, 
population characteristics, and risk factors, and it 

 
provides confidence in the rates of reported outcomes. 
The update has allowed us to seamlessly incorporate 
new evidence from 115 studies and more than half a 
million women, published since our original review in 
June 2020. 

Our systematic review also has limitations. The 
primary studies used varied sampling frames to 
identify women with covid-19, comprised women 
with suspected and confirmed covid-19, and primarily 
reported on pregnant women who required visits to 
hospital, including for childbirth, thereby affecting 
the generalisability of the estimates. Although our 
sensitivity analyses aimed to tackle some of these 
problems, the numbers and sample sizes of the 
individual studies were too small to identify differences 
between the subgroups. The timing of assessment of 
the clinical manifestations of disease was generally 
not available. The definitions of symptoms, tests, 
and outcomes were heterogeneous. Furthermore, 
poor reporting of the criteria for caesarean section, 
admissions to the neonatal unit, and the causes 
of preterm birth, made it difficult to disentangle 
iatrogenic effect from the true impact of the disease. 
There continues to be a paucity of comparative data 
to assess the risk of pregnancy complications in 
women with and without covid-19. Studies comparing 
maternal and perinatal outcomes in pregnant women 
with covid-19 against historical cohorts of pregnant 
women, could be biased owing to differences in the 
environment in which deliveries occur. During the 
pandemic, healthcare systems have faced increased 
pressure and strain on services, with resulting effects 
on service delivery and quality of care.96 97 Lockdown 
measures, social distancing, and changes to livelihood 
have led to increased depression and anxiety, and 
reduction in physical activity and access or attendance 

 
table 1 | Outcomes in pregnant and recently pregnant women with coronavirus disease 2019 (covid-19) 

 
Outcomes 

 
no of studies 

women (no with event/no in group (%)) 

Pregnant women with covid-19 comparison group 
 

Odds ratio (95% ci) 
 

i2 (%) 
comparison group: non-pregnant women of reproductive age with covid-19 
All cause mortality 8 103/34 047 (0.3) 3388/567 075 (0.6) 0.96 (0.79 to 1.18) 0 
ICU admission 7 616/34 035 (1.8) 9568/567 073 (1.7) 2.13 (1.54 to 2.95) 71.2 
Invasive ventilation 6 270/34 001 (0.8) 3280/567 043 (0.6) 2.59 (2.28 to 2.94) 0 
ECMO 2 17/30 446 (0.1) 120/431 490 (0.0) 2.02 (1.22 to 3.34) 0 
Oxygen through nasal cannula 2 8/48 (16.7) 49/106 (46.2) 0.21 (0.04 to 1.13) 65.7 
ARDS 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE 
Major organ failure 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE 
comparison group: pregnant women without covid-19 
Maternal outcomes: 

All cause mortality 8* 8/1195 (0.7) 8/3625 (0.2) 2.85 (1.08 to 7.52) 0 
ICU admission 7* 64/1508 (4.2) 4/3482 (0.1) 18.58 (7.53 to 45.82) 0 
Preterm birth <37 weeks 18 147/1184 (12.4) 572/7365 (7.8) 1.47 (1.14 to 1.91) 18.6 
Caesarean section 21*† 669/1854 (36.1) 4221/11842 (35.6) 1.12 (0.91 to 1.38) 57.6 

Perinatal outcomes: 
Stillbirth 9* 9/1039 (0.9) 26/4755 (0.5) 2.84 (1.25 to 6.45) 0 
Neonatal death 8* 4/970 (0.4) 5/3316 (0.2) 2.77 (0.92 to 8.37) 0 
Admission to neonatal unit 10* 329/1285 (25.6) 519/4588 (11.3) 4.89 (1.87 to 12.81) 96.2 
Abnormal Apgar score at 5 minutes 6 13/662 (2.0) 46/2823 (1.6) 1.38 (0.71 to 2.70) 0 
Fetal distress 2 11/77 (14.3) 13/263 (4.9) 2.37 (0.77 to 7.31) 0 

ICU=intensive care unit; ECMO=extracorporeal membrane oxygenation; ARDS=acute respiratory distress syndrome; NE=not estimable. 
The denominator is number of pregnancies for all outcomes. 
*Includes UK Obstetric Surveillance System44 study with historical comparative cohort (694 women). 
†Includes Gulersen et al 202060 with historical comparative cohort (50 women). 
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Author Pregnant women Pregnant women with Odds ratio Odds ratio 
with risk factor and risk factor and without (95% CI) (95% CI) 
severe covid-19 n/N severe covid-19 n/N   

Age* 
Kayem G 2020 59/128 

 
135/489 

  
2.24 (1.50 to 3.35) 

Martinez-Perez O 2020 2/4 39/78  1.00 (0.13 to 7.46) 
Khoury R 2020 22/75 43/166  1.19 (0.65 to 2.18) 
Masmejan S 2020 2/2 1/11  35.00 (1.07 to 1141.97) 
Menezes MO 2020 148/590 340/1885  1.52 (1.22 to 1.90) 
Vigel-De Gracia P (2) 2020 1/3 
Chen L 2020 (continuous age) n/9 

2/12 
n/109 

 2.50 (0.15 to 42.80) 
5.37 (1.054 to 18.74) 

Subtotal: I2=43.4%, P=0.10 
Body mass index 
Kayem G 2020 

234/811 
 

46/128 

562/2750 
 

93/489 

    1.83 (1.27 to 2.63) 
 

2.39 (1.56 to 3.66) 
Martinez-Perez O 2020 1/4 18/78     1.11 (0.11 to 11.35) 
Khoury R 2020 43/62 55/116     2.51 (1.31 to 4.81) 
Menezes MO 2020 48/590 68/1885     2.37 (1.62 to 3.47) 
Vigel-De Gracia P (2) 2020 2/3 6/12     2.00 (0.14 to 28.42) 
Wu Y 2020 0/0 0/13     Excluded 

Subtotal: I2=0.0%, P=0.98 
Multiparity 
Chen L 2020 

140/787 
 

5/9 

240/2593 
 

46/97 

    2.37 (1.83 to 3.07) 
 

1.39 (0.35 to 5.47) 
Savasi V 2020 8/14 39/63     0.82 (0.25 to 2.66) 
Martinez-Perez O 2020 3/4 53/78     1.42 (0.14 to 14.29) 
Masmejan S 2020 1/2 4/11     1.75 (0.08 to 36.29) 

Subtotal: I2=0.0%, P=0.92 
Third trimester 
Yan J 2020 

17/29 
 

7/8 

142/249 
 

99/108 

    1.11 (0.50 to 2.47) 
 

0.64 (0.07 to 5.76) 
Andrikopoulou M 2020 22/34 94/124     0.59 (0.26 to 1.32) 
Vigel-De Gracia P (2) 2020 0/3 5/12     0.19 (0.01 to 4.60) 

Subtotal: I2=0.0%, P=0.80 
Non-white 
Savasi V 2020 

29/45 
 

6/14 

198/244 
 

18/63 

    0.56 (0.26 to 1.17) 
 

1.88 (0.57 to 6.17) 
Khoury R 2020 54/65 143/156     0.45 (0.19 to 1.06) 
Emeruwa U (1) 2020 9/10 78/90     1.38 (0.16 to 11.93) 
Menezes MO 2020 306/426 1024/1439     1.03 (0.81 to 1.31) 

Subtotal: I2=34.7%, P=0.20 
Any comorbidity 
Savasi V 2020 

375/515 
 

6/14 

1263/1748 
 

18/63 

    0.94 (0.57 to 1.56) 
 

1.88 (0.57 to 6.17) 
Martinez-Perez O 2020 1/4 25/78     0.71 (0.07 to 7.14) 
Menezes MO 2020 219/590 461/1885     1.82 (1.50 to 2.22) 

Subtotal: I2=0.0%, P=0.73 
Chronic hypertension 
Kayem G 2020 

226/608 
 

7/128 

504/2026 
 

11/489 

    1.81 (1.49 to 2.20) 
 

2.51 (0.95 to 6.62) 
Khoury R 2020 18/75 25/166     1.78 (0.90 to 3.51) 

Subtotal: I2=0.0%, P=0.73 
Pre-existing diabetes 
Kayem G 2020 

25/203 
 

7/128 

36/655 
 

7/489 

    2.00 (1.14 to 3.48) 
 

3.98 (1.37 to 11.57) 
Khoury R 2020 16/75 20/166     1.98 (0.96 to 4.08) 
Menezes MO 2020 74/590 124/1885     2.04 (1.50 to 2.76) 

Subtotal: I2=0.0%, P=0.49 
Pre-eclampsia 
Yan J 2020 

97/793 
 

1/8 

151/2540 
 

3/108 

    2.12 (1.62 to 2.78) 
 

5.00 (0.46 to 54.51) 
Martinez-Perez O 2020 1/4 3/78     8.33 (0.66 to 105.71) 
Brandt JS 2020 2/7 4/54     5.00 (0.73 to 34.46) 
Vigel-De Gracia P (2) 2020 0/3 2/12     0.60 (0.02 to 15.76) 

Subtotal: I2=0.0%, P=0.61 
Gestational diabetes 
Andrikopoulou M 2020 

4/22 
 

1/34 

12/252 
 

6/124 

    4.21 (1.27 to 14.00) 
 

0.60 (0.07 to 5.13) 
Kayem G 2020 17/128 54/489     1.23 (0.69 to 2.21) 
Martinez-Perez O 2020 0/4 1/78     5.74 (0.20 to 161.79) 
Yan J 2020 0/0 9/116     Excluded 

Subtotal: I2=0.0%, P=0.53 18/166 70/807     1.23 (0.70 to 2.14) 

   0.01 0.25 0.5 1 2 10 100  

 

Fig 6 | risk factors associated with severe coronavirus disease 2019 (covid-19) in pregnant and recently pregnant women. symptom based 
screening: savasi v, Kayem g; nHcc (national Health commission china). criteria based screening: chen, wu, yan. all other studies used universal 
screening. cut-off for age is 35 years or more, and for body mass index is 30 or more. *includes one study with continuous measurement of risk 
factor 
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to healthcare facilities, which could increase the risk of 
maternal and perinatal complications.98 

Not many studies reported outcomes by trimester 
for symptom onset, making it difficult to assess the 
rates of miscarriage and postpartum complications. 
For some outcomes, the findings were influenced by a 
single large study.42 Many studies had to be excluded 

 
as we could not rule out potential overlap in the study 
populations. 

Areas of uncertainty in some of our review findings 
will still need to be resolved in the next updates of 
the living systematic review. In seeking an efficient 
balance between resource consumption and the 
value the review provides to end users, we will make 

 

 
table 2 | maternal characteristics associated with severe coronavirus disease 2019 (covid-19) and all cause death in pregnant and recently pregnant 
women with a diagnosis of covid-19 

 
maternal risk factors 
and outcomes 

 

no of studies 

 

total no of women 

Pregnant women (no with risk 
  factor/no in group (%))  

with outcome without outcome 

 

Odds ratio (95% ci) 

 

i2 (%) 
Age ≥35 years: 

Severe disease 7 3561 811* 2750* 1.83 (1.27 to 2.63) 43 
ICU admission 7 31710 348* 31362* 2.11 (1.69 to 2.63) 0 
Invasive ventilation 3 718 18* 700* 1.72 (0.60 to 4.97) 17 
Maternal death 3 31710 176* 31525* 0.91 (0.22 to 3.72) 93 

Multiparity: 
Severe disease 4 278 17/159 (10.7) 12/119 (10.1) 1.11 (0.50 to 2.46) 0 
ICU admission 3 815 34/501(6.8) 17/314 (5.4) 1.34 (0.72 to 2.50) 0 

Invasive ventilation 1 350 1/216 (0.5) 0/134 (0) 1.87 (0.08 to 46.30) NE 
Body mass index ≥30: 

Severe disease 5 3367 787* 2580* 2.37 (1.83 to 3.07) 0 
ICU admission 4 31456 339* 31117* 2.71 (1.10 to 6.63) 63 
Invasive ventilation 2 485 12* 4473* 6.61 (1.98 to 22.02) 0 
Maternal death 3 31085 113* 30972* 2.27 (1.20 to 4.31) 0 

Non-white ethnicity: 
Severe disease 4 2263 375/1638 (22.9) 140/625 (22.4) 0.94 (0.57 to 1.57) 35 
ICU admission 4 31543 306/23996 (1.3) 158/7547 (2.1) 1.66 (1.20 to 2.29) 26 

Invasive ventilation 1 669 20/134 (14.9) 39/535 (7.3) 2.23 (1.25 to 3.97) NE 
Maternal death 3 31 469 110/24 124 (0.5) 36/7345 (0.5) 1.61 (1.05 to 2.47) 0 

Any comorbidity: 
Severe disease 3 2634 226/730 (31.0) 382/1904 (20.1) 1.81 (1.49 to 2.20) 0 
ICU admission 5 31 512 106/6639 (1.6) 226/24 873.9) 1.70 (1.34 to 2.15) 0 
Invasive ventilation 3 715 7/71 (9.9) 11/644(1.7) 5.26 (1.76 to 15.68) 0 
Maternal death 2 30 639 19/6493 (0.3) 33/24 146 (0.1) 2.53 (0.78 to 8.17) 50 

Chronic hypertension: 
Severe disease 2 858 25/61 (41.0) 178/797 (22.3) 2.00 (1.14 to 3.48) 0 
ICU admission 5 31 433 15/262 (5.7) 319/31 171 (1.0) 4.72 (2.37 to 9.41) 13 
Invasive ventilation 2 484 5/24 (20.8) 7/460 (1.5) 63.82 (9.69 to 420.45) 0 
Maternal death 3 31 011 7/249 (2.8) 81/30 762 (0.3) 4.25 (1.82 to 9.95) 0 

Pre-existing diabetes: 
Severe disease 3 3333 97/248 (39.1) 696/3085 (22.6) 2.12 (1.62 to 2.78) 0 
ICU admission 6 31 473 36/638 (5.6) 306/30 835 (1.0) 4.67 (1.94 to 11.22) 38 
Invasive ventilation 2 482 2/12 (16.7) 9/470 (1.9) 18.61 (0.26 to 1324.16) 78 
Maternal death 2 30 723 11/620 (1.8) 41/30 103 (0.1) 14.88 (4.19 to 52.81) 53 

Asthma: 
Severe disease 4 3332 39/148 (26.4) 717/3184 (22.5) 1.43 (0.85 to 2.38) 28 
ICU admission 1 100 2/9 (22.2) 8/91 (8.8) 2.96 (0.53 to 16.74) NE 
Maternal death 3 889 5/39 (12.8) 63/850 (7.4) 1.68 (0.66 to 4.24) 0 

Smoking: 
Severe disease 3 776 5/23 (21.7) 141/753 (18.7) 1.67 (0.64 to 4.40) 0 
ICU admission 2 142 1/4 (25.0) 17/138 (12.3) 2.92 (0.35 to 24.23) 0 
Maternal death 1 308 0/10 (0) 7/298 (2.3) 1.85 (0.10 to 34.60) NE 

Gestation ≥28 weeks: 
Severe disease 3 289 29/227 (12.8) 16/62 (25.8) 0.56 (0.27 to 1.17) 0 
Maternal death 1 721 46/495 (9.3) 23/226 (10.2) 0.90 (0.53 to 1.53) NE 

Gestational diabetes: 
Severe disease 4 973 18/88 (20.5) 148/885 (16.7) 1.23 (0.70 to 2.14) 0 
ICU admission 2 777 11/81 (13.6) 31/696 (4.5) 3.27 (1.55 to 6.89) 0 
Invasive ventilation 1 350 0/32 (0) 0/318 (0) — NE 

Pre-eclampsia: 
Severe disease 4 274 4/16 (25.0) 18/258 (7.0) 4.21 (1.27 to 14.00) 0 
ICU admission 1 42 6/6 (100.0) 2/36 (5.6) 179.40 (7.69 to 4186.05) NE 

ICU=intensive care unit; NE=not estimable. 
*Includes one or more studies with continuous measurement of risk factor. 
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decisions about the pacing of the updates of our 
living systematic review using a formal framework 
for decision making. We will use a mixed approach 
based on the Ottawa method to identify quantitative or 
qualitative signals for the need of an update,99 and a 
more complex statistical prediction tool to estimate the 
probability that new studies identified would change 
the review conclusions.100 

 
comparison with existing evidence 
Between the publication of the original living 
systematic review and this update, estimates for the 
prevalence of covid-19, and rates of clinical mani- 
festations and outcomes of pregnant and recently 
pregnant women with covid-19 have remained similar, 
with improved precision in the findings. The rates 
for postpartum haemorrhage and admission to the 
neonatal unit appear to be slightly increased from the 
first version, while the rate of maternal pneumonia 
appears to be lower. High heterogeneity remains in 
the estimates for rates of clinical manifestations and 
outcomes. 

We found that the same risk factors for severe covid-19 
identified in the original version of the living systematic 
review remained associated with severe covid-19 
with increased precision. Additional risk factors for 
severe disease, such as non-white ethnicity identified 
in this update, were also identified from large cohort 
studies such as the UK Obstetric Surveillance System 
and the US CDC surveillance report.42 101 Our findings 
are consistent with the reports of disproportionately 
high rates of severe covid-19 in non-pregnant ethnic 
minority populations,102 and in other areas of 
maternity care.103 104 The observed disparity could be 
attributed to associated comorbidities, socioeconomic 
characteristics, and factors related to access to and 
quality of care in the preconception, pregnancy, and 
postpartum periods.105 The multifaceted contributors 
to ethnic disparities need to be investigated to reduce 
mortality and morbidity related to both covid-19 and 
pregnancy. 

Our review update also identified an increased risk 
for maternal death, need for maternal admission to the 
intensive care unit, and stillbirth in pregnant women 
with covid-19 compared to pregnant women without 
the disease. However, our confidence in these estimates 
is not high, owing to the small numbers of events in 
both groups. Further data are still needed to robustly 
assess these outcomes, along with the emerging data 
on increased risk of severe outcomes such as the need 
for ECMO.42 

Alongside the spread of the pandemic, a shift has 
occurred in the types of studies published, with initial 
studies involving pregnant women from epidemic 
regions in China, followed by reports of large regional 
and national datasets from the US, UK, Netherlands, 
Spain, and, more recently, Latin American countries. 
The study design has also changed from initial small 
case series and case reports to large observational 
data, with recent studies also providing comparative 
data. 

 
The prevalence of covid-19 varied widely between 

studies, particularly when sampling was done based 
on symptoms or history of contact, highlighting the 
variations in criteria for testing. The current update 
includes 50 new studies from 11 additional countries 
on the prevalence of covid-19 in pregnancy. Despite the 
addition of five times more studies between the original 
version of our living systematic review and this update, 
from diverse populations globally, the prevalence of 
covid-19 in pregnant and recently pregnant women 
remains unchanged. Unlike the general population 
who are mostly tested for SARS-CoV-2 on the basis of 
symptoms or contact history, universal screening of all 
pregnant women attending the hospital for any reason 
could contribute to the consistency in the findings. 
However, the true prevalence of covid-19 in pregnancy 
is likely to be lower than the current estimate if all 
pregnant women, including those not attending the 
hospital are included. 

In the recent cohort study of all individuals admitted 
with covid-19 in the UK, the cluster of respiratory 
symptoms of cough, fever, and breathlessness were 
observed in more than two thirds of individuals,106 
similar to reported rates in the US and China.107-109 But 
in our review, fewer pregnant and recently pregnant 
women with covid-19 manifested these symptoms 
than the non-pregnant population, indicating 
possible high rates of asymptomatic presentation in 
this population. This is likely because of the strategy 
of universal screening for covid-19 in pregnancy and 
the low thresholds for testing in pregnant women than 
in non-pregnant women. Despite the potential higher 
possibility of universal screening to detect pregnant 
women with mild disease, we observed an increase 
in admissions to the intensive care unit and need for 
invasive ventilation compared with non-pregnant 
women of reproductive age with covid-19. The findings 
were mainly influenced by the recently updated large 
Centers for Disease Control and Prevention report 
from the US,42 and a report from the Mexican General 
Directorate of Epidemiology registry.41 

By accessing the unpublished data from our 
collaborators, we were able to include both women with 
and without symptoms from the US CDC surveillance 
data, in addition to the women with symptoms only who 
were included in the published report.42 Pregnancy 
status was not ascertained in a large proportion of 
women of reproductive age in the CDC report, which 
could affect the estimates. Furthermore, the outcomes 
for which the data were missing from the report were 
considered to be absent, potentially leading to bias. 
The report from the Mexican General Directorate of 
Epidemiology registry, available only as a preprint, 
included only women with symptoms who might be at 
high risk of complications. We recommend that studies 
comparing covid-19 related outcomes in pregnant 
versus non-pregnant women report the relevant 
estimates for both women with and without symptoms 
to avoid overestimation of the risk of complications 
due to selective reporting. The pooled estimates for 
severe covid-19 and admission to an intensive care 
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unit were, however, still relatively high in the non- 
comparative data, indicative of a potential high risk in 
pregnancy. This is supported by the recent analysis in a 
Swedish study suggesting a high risk of admission to an 
intensive care unit and invasive ventilation in pregnant 
women compared to non-pregnant women.110 

Similar to the general population, high body mass 
index and pre-existing comorbidity seemed to be risk 
factors for severity of covid-19 in pregnancy, including 
admission to an intensive care unit and invasive 
ventilation.106 Complications related to covid-19 did 
not seem to be increased in women presenting in 
the third trimester versus earlier in pregnancy or in 
multiparous versus primiparous women—but existing 
sample sizes are not large. Both chronic hypertension 
and pre-existing diabetes were associated with 
maternal death in pregnant women with covid-19, 
which are known risk factors in the general population. 
But it is not known if covid-19 was the direct cause of 
death for these women, and the numbers of studies 
are small. We observed an increase in rates of preterm 
birth in pregnant women with covid-19 compared 
with pregnant women without the disease. These 
preterm births could have been medically indicated, 
as the overall rates of spontaneous preterm births in 
pregnant women with covid-19 was broadly similar to 
those observed in the pre-pandemic period. Although 
about 50% of pregnant women underwent caesarean 
section in the non-comparative studies, we did not 
find a statistically significant difference in comparative 
studies of pregnant women with and without covid-19. 
The precision of the estimates is expected to improve 
with the publication of more data in the future. The 
overall rates of stillbirths and neonatal deaths do 
not seem to be higher than the background rates. 
The indications for admissions to the neonatal unit, 
observed in about a third of neonates delivered to 
mothers with covid-19, have not been reported. Local 
policies on observation and quarantine of infants with 
exposure to SARS-CoV-2 might have influenced these 
rates. 

 
relevance for clinical practice and research 
Based on existing data, healthcare professionals 
should be aware that pregnant and recently pregnant 
women with covid-19 might manifest fewer symptoms 
than the general population, with the overall pattern 
similar to that of the general population. Pregnant 
women should be informed of the increase in severity 
of covid-19 including admission to intensive care units, 
need for ECMO and invasive ventilation compared with 
non-pregnant women, and encouraged to undertake 
safety measures to reduce the risk of infection. 
Pregnant women with pre-existing comorbidities will 
need to be considered as a high risk group for covid-19, 
along with those who are obese and of older maternal 
age. Healthcare professionals need to be aware of 
the increased risk of severe covid-19 in pregnant and 
recently pregnant women of non-white ethnic origin, 
to plan close monitoring and have a low threshold 
for escalation of care. Clinicians will need to balance 

 
the need for regular multidisciplinary antenatal care 
to manage women with pre-existing comorbidities 
against unnecessary exposure to the virus, through 
virtual clinic appointments when possible. Pregnant 
women with covid-19 before term gestation might 
need to be managed in a unit with facilities to care for 
preterm neonates. 

Further data are still needed to assess robustly if 
pregnancy related maternal and neonatal compli- 
cations are increased in women with covid-19 
compared to pregnant women without the disease. 
Similarly, the association between pregnancy specific 
risk factors such as pre-eclampsia and gestational 
diabetes on covid-19 related outcomes needs further 
evaluation. Pre-eclampsia was reported to be asso- 
ciated with severe covid-19 in small studies, but 
this requires further assessment as the clinical and 
laboratory presentation of severe pre-eclampsia could 
mimic worsening covid-19.111 Robust collection of 
maternal data by trimester of exposure, including the 
periconception period, is required to determine the 
effects of covid-19 on early pregnancy outcomes, fetal 
growth, and risk of miscarriage or stillbirth. We need 
detailed reporting of outcomes by ethnicity to quantify 
the risk of severe covid-19 in women from different 
ethnicities. Qualitative studies on behaviour and 
attitude to the pandemic can disentangle the relative 
importance of factors behind the ethnic disparities 
observed in the severity of covid-19. 

Systematic reviews are considered to be the highest 
quality evidence informing guidelines, and poor 
quality reviews will have a direct impact on clinical 
care. Despite the urgent need for evidence on the 
impact of covid-19 in pregnant women, systematic 
reviews and meta-analyses still need to adhere to 
the reporting guidelines on search criteria, quality 
assessment, and analysis. This is particularly 
important as large numbers of non-peer reviewed 
scientific papers and reports are currently available 
in the public domain in multiple versions. Primary 
studies need to explicitly state if duplicate data have 
been included to avoid double counting of participants 
in evidence synthesis. Individual participant data 
meta-analysis of the emerging cohorts is critical to 
assess both differential presentation and outcomes 
by underlying risk factors, and to determine the 
differential effects of interventions to reduce the rates 
of complications. With the establishment of several 
national and global prospective cohorts, we expect the 
sample size of our meta-analysis to increase further in 
the coming months. Our living systematic review and 
meta-analysis with its regular search and analyses 
updates is ideally placed to assess the impact of new 
findings on the rapidly growing evidence base. 
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After our LSR was published by the BMJ in September 2020, I had the opportunity to write 

an article for inclusion in a special Covid-19 issue in the Cochrane database of systematic 

reviews. I took this opportunity to discuss how we collaborated on the PregCOV19 project 

and the methods that we used which could be useful for other LSRs in the future. LSR´s are a 

very novel type of review, however in times of pandemic/ epidemic they are extremely 

useful since the information available is constantly being updated. 

Cochrane also turned our article for the special issue into a case story to showcase on their 

website and this has been included in the discussion. 
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Introduction and background 
Coronavirus disease 2019 (COVID-19) was officially declared a 
pandemic by the World Health Organization (WHO) in March 
2020. COVID-19 is especially dangerous for at-risk populations, 
such as pregnant women,[!] thus making it critical to determine 
how COVID-19 affects them and their babies . A regular systematic 
review methodology would not be sufficient to synthesize the 
overwhelming amount of evidence produced daily worldwide. 
We needed to carry out a living systematic review (LSR), meaning 
that the review would be continually updated, incorporating new 
studies as they become available.[2] 

 
The PregCOV-19 living systematic review working group was quickly 
established through an international collaboration, which included 
researchers and medical students at the University of Birmingham, 
UK; the World Health Organization; the Cochrane Gynaecology and 
Fertility Netherlands Satellite; and researchers in other parts of 
the UK, Spain (Cochrane Madrid), China, and the USA. This project 
commenced at the beginning of April 2020, just when the pandemic 
was gathering full force around Europe. At that point we were in a 
full lockdown, working from home, and online meetings had quickly 
become the new normal. 

 
Key activities and strategies 
We developed a protocol for the project that encompassed 
numerous clinical questions. For the LSR that we published in 
September 2020, we took the usual systematic review steps. We 
carried out rigorous searches on a weekly basis in the major medical 

databases for studies relating to COVID-19 in pregnant women . We 
screened thousands of studies (49,684) for inclusion in our review. 
[3] We also extracted data and carried out quality assessment on 
a weekly basis. At first we carried out statistical analysis every two 
weeks, however once we saw the results were not varying greatly, 
the analysis moved to monthly, and then bi-monthly. 

 
In order to co-ordinate this process, we had weekly team meetings, 
which have now moved to biweekly. Throughout the review process 
we were also constantly adding new members to the team. The new 
team members go through a training process, in which they shadow 
other team members, for one to two weeks before carrying out the 
work independently. 

 
We created a website (birmingham.ac.uk/research/who- 
collaborating-centre/pregcov), linked to the University of 
Birmingham, to highlight the project and make it easily accessible 
to pregnant women, researchers, and clinicians worldwide. We are 
currently updating the results on the website every two months. 

 
Outcomes and impact of activities 
We published the PregCOV19 project protocol on PROSPERO in 
April 2020.[4] The aim of this project is to assess the impact of 
COVID-19 in pregnancy. From this protocol we have several different 
studies planned. The first study was a LSR, fast-tracked by the 
BMJ, entitled 'Clinical manifestations, risk factors, and maternal 
and perinatal outcomes of coronavirus disease 2019 in pregnancy : 
living systematic review and meta-analysis'. The review took only 
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five months from initiation to publication in the BMJ, peer-review 
process included, while most systematic reviews take years to 
complete and then be published . During public health crises, the 
best evidence needs to be peer-reviewed and made available to 
medical professionals and the public immediately. That is why a 
living systematic review format is the best option during times of 
crisis such as a pandemic .[S] Future updates with additional studies 
will allow us to confirm our results with a higher level of certainty. 

 
One of our significant findings so far is that pregnant and recently 
pregnant women may be at increased risk of admission to an 
intensive care unit (ICU}.[3] This finding led to a lot of media 
interest, with the published LSR being reported by various news 
outlets worldwide, such as CNN, The Guardian, and Bloomberg. 
We hope that it will inform clinical guidelines and practice on the 
management of pregnant women with COVID-19. 

 
Lessons for the future: sustainability and 
transferability 
This project proved challenging on a few fronts. The first challenge 
was the pace we were working at . There were many late nights, 
which turned into early mornings endured by all the team. Just 
when we thought we were finished, the next influx of data would 
come rolling in and we would start the process again . It  is difficult 
to maintain the pace that we have been working at for the past five 
months. During the lockdown we pushed aside other commitments 
and projects to dedicate nearly all our time to this project. This is 
not feasible moving forward. We must start dividing our time among 
our other various tasks again . We are also losing a lot of valuable 
team members as the medical students transition back to classes. 
So, going forward into the second wave of the virus, we must be 
conscious of these new limitations we face with the team . 

 
The second challenge, albeit an opportunity, is that we were such a 
large group, collaborating from many different countries around all 
points of the globe. Frequent zoom meetings were a must, although 
sometimes a struggle co-ordinating different time zones . However, 
this also allowed us to have clinicians, statisticians, epidemiologists 
and students working in our team, which helped keep it diverse and 
see all angles of the problem. 

 
We have created a basic framework for a large-scale LSR that can 
answer multiple research questions. This research framework 
can be deployed in the future for other public health crises or 
future pandemics . The way we have organized the team, each 
member carrying out their specific duties every week, makes all the 
systematic review stages tick on without fault. The data extraction 

sheets are organized in an Excel workbook for all the various review 
questions, varying from prevalence to risk factors . This format 
makes it easily transferable to other projects as an LSR framework 
in the future. 

Links to additional resources 
• The LSR published in the BMJ : doi.org/10.1136/bmj.m3320 

• The PregCOV19 website: birmingham.ac.uk/research/who- 
collaborating-centre/pregcov/ i ndex.aspx 

• LSR protocol: crd .york .ac.uk/ prospero/display_recor d. 
php?ID=CRD42020178076 
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8. Discussion 

8.1 Main findings 

8.1.1 Systematic review of sex as a prognostic factor in patients with pulmonary 

embolism 

There are not many systematic reviews of prognostic factors and even fewer Cochrane 

reviews (6 Cochrane PF reviews in total). Thus, it is a novel area of research with new 

methods still being developed and evaluated. Our Cochrane review of sex as a prognostic 

factor in patients with pulmonary embolism is still ongoing, so I have included preliminary 

results in this thesis. During the pilot stage of the screening on title and abstract, we 

calculated the Kappa score of each pair of reviewers to ensure consistency. The reviewers 

had a good agreement percentage that ranged between 83-100%, with most reviewers 

falling around 96%. 

At the time of writing this thesis, we have identified 5 studies that can be included in the 

review: Agarwal 2015, Barrios 2017, Borrero 2007, Feng 2020, Rosovsky 2019 (31, 68-71). 

We included these 5 studies in a preliminary meta-analysis studying the outcome of all 

cause 30- day mortality. The five studies had adjusted for different covariates including age, 

race, smoking status, comorbidities and baseline characteristics. The most commonly 

adjusted for covariates were age and race. We found that overall, there was no association 

between sex and mortality at 30 days (OR 0.98; CI95% 0.81-1.16). 

I have included the list of studies, tables of study characteristics, the Kappa results from the 

pilot and a preliminary PRISMA flowchart in Annex 4. 

8.1.2 Development and evaluation of a search filter to identify prognostic factor 

studies in Ovid MEDLINE. 

After carrying out two PF systematic reviews last year and having carried out the preliminary 

searches for the Cochrane PF review, I realised the need for the development of a PF search 

filter. I created a search filter that was highly sensitive in capturing PF studies. The overall 

sensitivity of the filter was calculated to be 95%, while the overall specificity was 41%. The 

precision of the filter varied considerably, ranging from 0.36 to 17%. The NNR (number 
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needed to read) value depends on the total number of hits in the search and varied largely 

from 6 to 278. We compared it with the Haynes clinical queries broad prognosis filter and 

our filter performed better in the relative recall of the studies. However, our filter had a low 

specificity and the Haynes filter performed better than ours in this domain. 

Our aim of the project was to create a filter that was highly sensitive as we did not want to 

risk losing any relevant studies. At the same time, if we could reduce the NNR it would be 

very beneficial as PF systematic review searches generally retrieve a lot of varied studies 

due to the poor indexing of PF studies. Our filter had and acceptable performance measures 

and can be used in systematic reviews of PF studies. Using this filter could save as much as 

40% of the title and abstract screening task. In the future, the specificity of the filter could 

be improved by defining additional terms to be included, although it is important to 

evaluate any modification to guarantee the filter is still highly sensitive. 

 
 

8.1.3 Clinical manifestations, risk factors, and maternal and perinatal outcomes 

of coronavirus disease 2019 in pregnancy: living systematic review and meta- 

analysis. 

The research team started work on the review in April 2020. For the original review we 

collated data from published articles between December 2019 and June 2020. Each week, 

we searched for newly published data, and carried out the screening, data extraction and 

ROB assessment weekly. For the first update, we added new studies published until October 

2020. The review now includes data from 192 studies and 29 different countries. Of these 

studies, 115 were new editions to the latest update. The findings remained consistent 

between the update and original review. However, the update helped us to narrow down 

the confidence intervals with more precise values for many of the outcomes. 

Overall, 10% (73 studies, 67 271 women) of pregnant and recently pregnant women 

attending or admitted to hospital for any reason were diagnosed as having suspected or 

confirmed covid-19. Pregnant women are more likely than nonpregnant women to have an 

asymptomatic SARS-CoV-2 infection. However, the reason for this might be related to the 

testing strategy. Pregnant women regularly have Covid-19 testing when they attend their 

hospital appointments or when they arrive at the hospital to give birth, whilst non-pregnant 
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women of the same age are only likely to have testing if they experience symptoms. The 

true prevalence of Covid-19 in pregnant women could in fact be lower if all pregnant 

women, including those not attending a hospital are included. 

In pregnant women with covid-19, increased maternal age, high body mass index, non-white 

ethnicity, any pre-existing maternal comorbidity including chronic hypertension and 

diabetes, and pre-eclampsia were associated with serious complications such as admission 

to an intensive care unit, invasive ventilation and maternal death. The odds of admission to 

an intensive care unit (odds ratio 2.13, 1.53 to 2.95; I2=71.2%) and invasive ventilation 

(2.59, 2.28 to 2.94; I2=0%) were higher in pregnant and recently pregnant than non- 

pregnant reproductive aged women. Overall, 339 pregnant women (0.02%, 59 studies, 

41,664 women) with confirmed covid-19 died from any cause. 

Compared to pregnant women without covid-19, those with the disease had increased odds 

of preterm birth (1.47, 1.14 to 1.91; I2=18.6%). However, these premature births are likely 

to be the result of medical decisions to induce early delivery in those with COVID-19. 

Due to all of the above factors, based on our findings, pregnant women should be 

considered a high-risk group, particularly those identified to have risk factors for severe 

COVID-19. Therefore, pregnant women should be a high priority on the Covid-19 vaccine list 

as the outcomes observed from severe Covid-19 are potentially worse than vaccine side 

effects, that still require further study. 

8.1.4 Cochrane collaboration PregCOV19: what’s new, what we did, results 

LSRs are a relatively new type of SR which help to summarise new evidence as it emerges, 

which is important in a pandemic. We published an article in Cochrane on how we 

collaborated internationally and conducted our LSR during the pandemic. The editors at 

Cochrane then decided to turn our editorial into a case story, publishing it on the Cochrane 

website with graphics, thus making it easily accessible and readable for all. The full case 

story is located in Annex 3. 
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Figure 5: Case story published by Cochrane 
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8.2 Difficulties in personalizing medicine by sex 
There are many difficulties to overcome when it comes to personalizing medicine by sex. 

These difficulties include the rapidly evolving vocabulary, social norms, financing of studies, 

and patient privacy issues. 

Nowadays when we talk about sex and gender it’s not just those two terms that we must be 

aware of, but also transgender, intersex, non-binary, asexual, genderqueer, among many 

more (72, 73). This is an area that is constantly evolving and difficult for clinicians and other 

healthcare staff to keep up to date on. 

The next obstacle in personalizing medicine by sex is the financing of studies. Funding 

agencies have tried to instigate policies to include male and female animals and human 

participants in grant proposals but unfortunately they lack mechanisms to hold recipients 

accountable (74, 75). Journals have also implemented policies to encourage sex and gender- 

based analysis, but it is still often not included. Pharmaceutical companies are reluctant to 

carry out clinical trials on both sexes of animals as it increases costs. They also are very 

reluctant to carry out clinical trials on pregnant women as they are a high-risk population. 

Finally, precision medicine carries a risk in relation to patient privacy, whereby patients 

could be disadvantaged with respect to medical insurance coverage. For example, if one sex 

has a poorer prognosis of pulmonary embolism and so are given specific drugs which cost 

more it could mean a higher cost of insurance. Likewise, it could be possible that with the 

rise of genetic testing insurance companies may not offer certain policies to those sexes 

with a genetic predisposition of a disease. 
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8.3 New trends in sex specific medicine 
Within many fields of precision medicine, sex specific issues are only beginning to be 

explored (76). However, it has been acknowledged that in areas such as cardiovascular 

disease, Alzheimer’s, and cancer there is an opportunity to use molecular data to manage 

male and female patients more accurately. 

Research is now being carried out on the impact of sex hormones on pharmacological 

therapies (77). At the moment very few drugs have sex specific labelling or dosing 

recommendations, even though different doses could be more effective for males versus 

females and also could minimise adverse reactions. This will hopefully change in the coming 

years, with new strategies to improve precision medicine. One of these strategies is 

theragnostics which is an approach derived from combining therapeutics and diagnostics 

(97). It is a relatively new field that can be useful in personalizing medicine. It associates the 

most appropriate diagnostic test to identify patients most likely to be helped or harmed by 

an intervention with a targeted drug therapy (97). 

Education reforms to include sex and gender teaching in medical school are on the way. In 

2018 ´The Sex and Gender Health Education (SGHE)´ summit was held at the University of 

Utah. This summit was a national collaboration of educational leaders from various health 

professions that came together to improve health curricula by integrating sex and gender- 

based evidence into education (78). Due to this integration, the importance of sex and 

gender to healthcare workers knowledge and practice is starting to be recognized. More 

education on the utility of sex for prognosis will ultimately ensure more personalized 

healthcare and improve patient outcomes (78, 79). 

Lastly, a growing number of funding agencies and journal publishers are now explicitly 

calling for and requiring that sex and gender are taken into consideration in research in 

funding applications and in the presentation of research findings. Thus, researchers are 

becoming obliged to consider patient/animal sex in their studies. They are also encouraged 

to use the Sex and Gender Equity in Research guidelines for the reporting of sex and gender 

information in study design, data analyses, results and interpretation. 
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8.4 Implications in practice 
Covid-19 in pregnancy 

 
Healthcare professionals need to be aware that pregnant women with covid-19 may show 

fewer symptoms that non-pregnant women of reproductive age or the rest of the 

population in general. Pregnant women should also be warned of the increased risks of 

severe covid-19 during pregnancy so that they can take the appropriate safety measures to 

reduce their risk of infection. 

Our systematic review and meta-analysis has had a significant impact worldwide with 315 

citations in only 9 months of publication. It has been cited in clinical studies, systematic 

reviews, and guidelines for dealing with covid-19 in pregnancy. 

Sex as PF in pulmonary embolism 
 

Depending on the final results of our systematic review and meta-analysis for sex as a PF in 

pulmonary embolism, there is the possibility to improve mortality outcomes for either 

males or females with pulmonary embolism (PE) by allowing sex to be included in models 

for prognosis stratification. If sex is determined to be a PF for PE it could also help in 

defining modifiable targets for interventions or treatments and to determine predictors of 

differential treatment response. Identifying PFs is a critical step in the pathway towards 

personalized medicine. 
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8.5 Implications in research 
Cochrane collaboration 

 
The framework that we set up to carry out the LSR was very robust, with data extraction 

templates created and protocols put in place for carrying each step of the review. 

Therefore, this framework could be very easily used with LSRs involving other topics in 

clinical medicine. We also incorporated medical students into the project, training them on 

all of the different sections of the LSR from screening of studies to data extraction and 

quality assessment. Thus, these students have learnt a lot about evidence based research 

and can now go on to work on other reviews. 

Sex as a prognostic factor in pulmonary embolism 
 

This review will provide essential information on whether sex differences are important in 

the development and outcome of PE. If true, this will guide pharmaceutical researchers in 

drug discovery and development, leading to more personalised treatment regimens. It could 

help to focus drugs specifically for one sex, depending on the likelihood of the poor 

outcomes (mortality) that we find in our review. Due to the large number of references 

retrieved from the review search strategy, we started a second project involving the 

development of a search filter for prognostic factor studies. This will help other reviewers in 

the future who are carrying out prognostic factor systematic reviews. 

Filter for prognostic factor studies 
 

Our PF filter reduced the number of studies retrieved from systematic review searches, 

without losing relevant studies, therefore it had a high sensitivity (95%) and was capable of 

reducing the number of studies requiring manual screening. It is expected that other 

systematic reviewers will be able to use and take advantage of this filter in their future 

research. 

In general 
 

Overall, I hope that this thesis highlights the need for better use of the sex and gender 

terminology in research. Too often, the terms sex and gender are used interchangeably and 

incorrectly which can in turn be misleading and confusing for researchers. I also hope that it 

encourages more research in the various areas of sex specific research, whether it be for 
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females or males, each group deserves to benefit from personalized medicine that will be 

realised through further research. 
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8.6 Strengths and limitations of the thesis research 

8.6.1 Strengths 

Covid-19 in pregnancy 
 

During the Covid-19 pandemic there were many systematic reviews carried out of poor 

quality. Not all reviews followed reporting guidelines, such as PRISMA (49, 80). Systematic 

reviews included duplicate data, which in turn affected the validity of the findings. This is 

due to many primary studies and case series reporting on a subset of data without 

acknowledging that they were published elsewhere. Meta-analyses were performed in 

reviews inappropriately by pooling the data from case reports and case series, thereby 

biasing the estimates on prevalence, and rates of complications. These quickly published 

reviews might be due to the "Publish or perish" phenomenon. "Publish or perish" is an 

aphorism that describes the pressure to publish academic articles in order to succeed in an 

academic research career. 

On the other hand, our SR followed the PRISMA guidelines, ensuring that it had the lowest 

risk of bias possible. In fact, in a review of reviews published in early 2021, our paper was 

the only review that had a low risk of bias (81). We only included cohort studies in our meta- 

analysis to minimize the ROB. In order to reduce the risk of missing relevant studies, we 

created a comprehensive search strategy, searching in 7 different databases as well as 

preprint servers and blogs. We also contacted study authors to obtain unpublished data. 

Our PREGCov19 team is multidisciplinary with clinicians, medical students, methodologists, 

and statisticians coming together to form this project. We collaborated internationally with 

many different research groups such as the WHO, THE Cochrane Centre and the EPPI centre. 

We used robust methods and continually updated the review at regular intervals as new 

evidence emerged daily. 

Sex as a prognostic factor in pulmonary embolism 
 

In our systematic review and protocol, we employed a robust search strategy so we can be 

confident that we will not miss any relevant studies. After eliminating the duplicates, our 

search strategy retrieved approximately 78,000 references. With this many references it 

was necessary to coordinate a large team of 14 reviewers to screen through the titles and 
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abstracts. We also manually screened through conference papers searching for any relevant 

studies. As it is a Cochrane protocol, it has been peer reviewed both externally and by the 

Cochrane editors at least twice before finally being published. Due to this, the methods are 

as up to date and correct as possible. 

Filter development 
 

The development of the PF filter used various methods from different authors. In this way, 

we were able to choose the methods that were best suited for our limited resources and we 

can advise future filter developers to use similar methods. Our filter had an excellent 

sensitivity, meaning barely any studies escaped during the search. This is a critical 

consideration for filter development as it ensures the maximum capture of relevant studies. 

When we compared our filter to the Haynes clinical queries broad prognosis filter, our PF 

filter had a higher sensitivity, which should be expected as it is more specific to prognostic 

factor studies. 

 

 
8.6.2 Limitations 

Covid-19 in pregnancy 
 

We faced several limitations in our review. Many studies included women with both 

suspected and confirmed covid-19 and the majority only reported on pregnant women in 

hospital settings, therefore affecting the generalisability of the studies. Similarly, the studies 

included in the analysis did not use the same methods to collect and gather data. Due to 

this, we tried to carry out subgroup analysis when possible, however this was not always the 

case. 

Sex as a prognostic factor in pulmonary embolism 
 

We encountered a difficult situation of retrieving a very large number of references from 

our searches that required manual screening (78,000 after duplicates were removed). To 

make the screening process more effective, we decided to do a pre-screening by two senior 

reviewers, where they eliminated specific irrelevant study types such as case reports, clinical 

trials, animal studies, laboratory studies or studies that were focused on only one sex. This 

process was carried out by the two reviewers independently and not in pairs, so it could be 
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criticised that a relevant study could remain undetected. However, it helped us rapidly 

exclude approximately 20,000 studies from the reference set that we needed to screen. 

Filter development 
 

Our filter produced a low specificity and precision; however, this is understandable given 

the relatively small number of prognostic factor studies in the reference sets. Also, our 

methods of developing the filter were restricted due to our limited resources available. A 

more robust method might be to use a true gold standard (created from hand searching for 

studies) rather than relative recall, however with limited resources it was the best option. 
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8.7 Future research 
Much more research is clearly needed in the area of sex specific medicine. Within the scope 

of my thesis, there are new and exciting projects ongoing at the moment or planned for the 

future. 

Covid-19 in pregnancy 
 

We expect the sample size of our meta- analysis to continue increasing in the next few 

months and will shortly publish the second update to our original LSR in the BMJ as soon as 

we have collected sufficient data. A methodological problem that we have encountered in 

this review and something that we could look deeper into in the future is deciding when to 

stop updating a living systematic review. Research has been carried out on stopping updates 

in a review using clinical trial data, however there is no guidance yet on how and when to 

stop updating a review with cohorts of patients investigating risk factors. 

At the moment, we have two other reviews planned, one on mother to child transmission of 

covid-19 in pregnancy and the other on maternal mortality in covid-19 and pregnancy. 

These projects are both already almost completed and on track to be published soon. As 

well as these reviews, it would also be of interest to start researching the new variants of 

covid-19 coming from Brazil, the UK, and South Africa to see if these variants affect 

outcomes in pregnancy differently. Lastly, as we start to see covid-19 vaccines being rolled 

out worldwide it would be beneficial to start collecting data on vaccine uptake, side effects 

etc in pregnant women to see if they are as effective for this population as the general 

population. 

Sex as a prognostic factor in pulmonary embolism 
 

Once we finish the systematic review on sex as a prognostic factor in patients with 

pulmonary embolism, if we identify any studies as having studied gender instead of sex, it 

would be of interest to carry out a review examining the role of gender as a PF in PE. 

Enhancing the filter for prognostic studies 
 

If more resources become available, I would like to start the filter development project 

again, but this time employ different methods such as using a true gold standard instead of 

relative recall. Using a true gold standard would require manual searching of journals to find 
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prognostic factor studies. Availability of human resources was the main restricting factor for 

not going by these methods before. It would be interesting to apply the filter (made for Ovid 

Medline) in PubMed and Embase to see if it performs the same in terms of sensitivity and 

specificity in these databases. I would also like to apply the filter to our “sex as prognostic 

factor in pulmonary embolism” review search strategy and compare results. 
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9. Conclusions 
Sex should play a central role in personalized medical care. Although more studies providing 

sex specific evidence are being carried out, there still remains significant shortcomings in 

effectively implementing sex specific health care. This thesis aims to highlight the level of 

awareness and the role that sex plays in healthcare and health research. The main 

conclusions derived from the research are set out below: 

 
 

 Pregnant women are considered to be a high-risk group for covid-19 infection and 

those with the infection need extra medical attention as they are more likely to 

experience preterm birth or be admitted to the intensive care unit. 

 
 Preliminary results of the systematic review of sex as a prognostic factor in patients 

with pulmonary embolism show that there is no association between sex and 

mortality. However, we have still yet to rate the quality of the evidence, so more 

higher quality studies may be needed to confirm this. 

 

 The development of a PF search filter that is both sensitive and specific is not an easy 

task due to the poor indexing of PF studies in databases. Our filter yielded a 

sensitivity of 95% and a specificity of 41%, so more research is needed to increase 

the filters specificity. 

 
 When carrying out a systematic review investigating sex as a PF, researchers must 

keep in mind that various adaptations must be made to the review process. These 

adaptations include modifying the PF section of the data extraction template, 

adjusting certain sections of QUIPS (after ROB) and extracting data on the sex and 

gender terms used throughout the included studies. 
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AbstrAct 
Objective 
To determine the clinical manifestations, risk factors, 
and maternal and perinatal outcomes in pregnant and 
recently pregnant women with suspected or confirmed 
coronavirus disease 2019 (covid-19). 

Design 
Living systematic review and meta-analysis. 

Data sOurces 
Medline, Embase, Cochrane database, WHO COVID-19 
database, China National Knowledge Infrastructure 
(CNKI), and Wanfang  databases from  1  December 
2019 to 26 June 2020, along with preprint servers, 
social media, and reference lists. 

stuDy selectiOn 
Cohort studies reporting the rates, clinical 
manifestations (symptoms, laboratory and 
radiological findings), risk factors, and maternal and 
perinatal outcomes in pregnant and recently pregnant 
women with suspected or confirmed covid-19. 

Data extractiOn 
At least two researchers independently extracted the 
data and assessed study quality. Random effects 

meta-analysis was performed, with estimates pooled 
as odds ratios and proportions with 95% confidence 
intervals. All analyses will be updated regularly. 

results 
77 studies were included. Overall, 10% (95% 
confidence interval 7% to14%; 28 studies, 11 432 
women) of pregnant and recently pregnant women 
attending or admitted to hospital for any reason 
were diagnosed as having suspected or confirmed 
covid-19. The most common clinical manifestations 
of covid-19 in pregnancy were fever (40%) and 
cough (39%). Compared with non-pregnant women 
of reproductive age, pregnant and recently pregnant 
women with covid-19 were less likely to report 
symptoms of fever (odds ratio 0.43, 95% confidence 
interval 0.22 to 0.85; I2=74%; 5 studies; 80 521 
women) and myalgia (0.48, 0.45 to 0.51; I2=0%; 3 
studies; 80 409 women) and were more likely to need 
admission to an intensive care unit (1.62, 1.33 to 
1.96; I2=0%) and invasive ventilation (1.88, 1.36 to 
2.60; I2=0%; 4 studies, 91 606 women). 73 pregnant 
women (0.1%, 26 studies, 11 580 women) with 
confirmed covid-19 died from any cause. Increased 
maternal age (1.78, 1.25 to 2.55; I2=9%; 4 studies; 
1058 women), high body mass index (2.38, 1.67 
to 3.39; I2=0%; 3 studies; 877 women), chronic 
hypertension (2.0, 1.14 to 3.48; I2=0%; 2 studies; 
858 women), and pre-existing diabetes (2.51, 1.31 to 
4.80; I2=12%; 2 studies; 858 women) were associated 
with severe covid-19 in pregnancy. Pre-existing 
maternal comorbidity was a risk factor for admission 
to an intensive care unit (4.21, 1.06 to 16.72; I2=0%; 
2 studies; 320 women) and invasive ventilation 
(4.48, 1.40 to 14.37; I2=0%; 2 studies; 313 women). 
Spontaneous preterm birth rate was 6% (95% 
confidence interval 3% to 9%; I2=55%; 10 studies; 
870 women) in women with covid-19. The odds of any 
preterm birth (3.01, 95% confidence interval 1.16 
to 7.85; I2=1%; 2 studies; 339 women) was high in 
pregnant women with covid-19 compared with those 
without the disease. A quarter of all neonates born to 
mothers with covid-19 were admitted to the neonatal 
unit (25%) and were at increased risk of admission 
(odds ratio 3.13, 95% confidence interval 2.05 to 
4.78, I2=not estimable; 1 study, 1121 neonates) 
than those born to mothers without covid-19. 

RESEARCH  

WhAt is AlreAdy knoWn on this topic  
Pregnant women are considered to be a high risk group for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and the potential 
adverse effects of the virus on maternal and perinatal outcomes are of concern 
In non-pregnant populations admitted to hospital with coronavirus disease 
2019 (covid-19) the most common symptoms are fever, cough, and dyspnoea, 
reported in more than two thirds of individuals 
Advancing age, high body mass index, non-white ethnicity, and pre-existing 
comorbidities are risk factors for severe covid-19 in the general population 

WhAt this study Adds 
Pregnant and recently pregnant women with covid-19 diagnosed in hospital are 
less likely to manifest symptoms of fever and myalgia than non-pregnant women 
of reproductive age and might be at increased risk of admission to an intensive 
care unit 
Risk factors for severe covid-19 in pregnancy include increasing maternal age, 
high body mass index, and pre-existing comorbidities 
Pregnant women with covid-19 are more likely to experience preterm birth and 
their neonates are more likely to be admitted to a neonatal unit 
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cOnclusiOn 
Pregnant and recently pregnant women are less likely 
to manifest covid-19 related symptoms of fever and 
myalgia than non-pregnant women of reproductive 
age and are potentially more likely to need 
intensive care treatment for covid-19. Pre-existing 
comorbidities, high maternal age, and high body mass 
index seem to be risk factors for severe covid-19. 
Preterm birth rates are high in pregnant women with 
covid-19 than in pregnant women without the disease. 

systematic review registratiOn 
PROSPERO CRD42020178076. 

reaDers’ nOte 
This article is a living systematic review that will be 
updated to reflect emerging evidence. Updates may 
occur for up to two years from the date of original 
publication. 

 
introduction 
Since the first report (December 2019) of the novel 
coronavirus disease 2019 (covid-19) caused by 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the number of confirmed cases and 
associated mortality and morbidity have increased 
rapidly.1 2 Pregnant women are considered a high 
risk group because of concerns about the effect of 
covid-19 on them during and after pregnancy, and 
on their neonates.3 Quantification of the rates of 
covid-19, its risk factors, clinical manifestations, and 
outcomes is key to planning clinical maternal care and 
management in an evolving pandemic scenario.4 

Publications on covid-19 in pregnancy have risen 
steeply through individual case reports, case series, 
observational   studies,   and    systematic    reviews. 
As of 26 June 2020, more than 86 reviews have 
been published in this area,5-10 with a further 94 
registered in PROSPERO.8 11 The early reviews mostly 
included case reports and case series that were often 
inappropriately meta-analysed, leading to biased 
estimates.12 Subsequent reviews differed little from 
each other, often including similar primary studies, 
many with duplicate data. These reviews became 
quickly outdated as new evidence emerged. To 
date, no review has comprehensively evaluated the 
comparative data concerning pregnant and recently 
pregnant women and non-pregnant women with 
covid-19. Moreover, the sampling frames in primary 
studies have varied, ranging from universal SARS- 
CoV-2 testing for all pregnant women admitted to 
hospital13 14 to symptom based testing.15 16 Testing 
strategies have also differed within and between 
countries, with diagnosis in many early studies based 
on epidemiological risk assessment and clinical 
features without confirmed infection, which need to be 
considered in the analysis.17 Limitations in the external 
and internal validity of studies make it challenging 
for guideline developers and policy makers to make 
evidence based recommendations for the management 
of pregnant and recently pregnant women with 
covid-19. 

 
We began a living systematic review to determine 

the clinical manifestations of covid-19 in pregnant and 
recently pregnant women, identify the risk factors for 
complications, and quantify maternal and perinatal 
outcomes. This systematic review will be updated on 
a regular basis. 

 
Methods 
Our systematic review is based on a prospectively 
registered protocol (PROSPERO CRD42020178076; 
registered 22 April 2020)18 to evaluate a series of 
research questions on covid-19 during and after 
pregnancy. We report our findings on the rates, 
clinical manifestations, risk factors, and maternal and 
perinatal outcomes in women with covid-19 in line with 
the preferred reporting items for systematic reviews 
and meta-analyses   (PRISMA)   recommendations 
(see appendix 1). As more relevant data become 
available, we shall address the research questions 
in our published protocol. Each cycle of our living 
systematic review involves weekly search updates 
(rounds), with analysis performed every 2-4 weeks for 
our monthly reporting through a dedicated website, 
with early analysis if new definitive evidence emerges. 
We plan to regularly review the planned frequency of 
updates. 

 
literature search 
We performed a systematic search of major databases: 
Medline, Embase, Cochrane database, WHO (World 
Health Organization) COVID-19 database, China 
National Knowledge Infrastructure (CNKI), and 
Wanfang databases from 1 December 2019 to 26 June 
2020 for relevant studies on covid-19 in pregnant and 
recently pregnant women. To identify potential studies, 
we coordinated our search efforts with the Evidence 
for Policy and Practice Information and Co-ordinating 
Centre (EPPI-Centre), the WHO Library, and the 
Cochrane Gynaecology and Fertility group. Additional 
searches were conducted of preprint servers, blogs, 
websites that serve as repositories for covid-19 studies, 
social media, guidelines, and reference lists of included 
studies and unpublished data. We also searched the 
Living Overview of the Evidence (LOVE) platform from 
11 to 26 June 2020.19 We contacted established groups 
that were coordinating or conducting surveillance and 
studies in pregnant women with covid-19, such as 
the WHO Maternal, Newborn, Child and Adolescent 
health (MNCAH) covid-19 research network and the 
International Network of Obstetric Survey Systems 
(INOSS) for information on published and upcoming 
data. No language restrictions were applied. Appendix 
2 provides details of the search strategies and 
databases searched. 

 
study selection 
Two reviewers independently selected studies using 
a two stage process: they first screened the titles and 
abstracts of studies and then assessed the full text 
of the selected studies in detail for eligibility. A total 
of eight reviewers contributed to study selection. 

RESEARCH  
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Disagreements were resolved through discussion 
with a third reviewer (ST or JA). We excluded studies 
if the duplicate data for all outcomes of interest were 
published elsewhere, as reported by the study authors, 
or when the characteristics of the mother or neonate 
matched the setting, characteristics, and duration of 
another study. When we suspected an overlap of data 
between studies, the study that provided comparative 
data was included. When there was uncertainty about 
duplicate data, we contacted the authors of primary 
studies. 

We defined women as having confirmed covid-19 
if they had laboratory confirmation of covid-19 
infection irrespective of clinical signs and symptoms.20 
Women with a diagnosis based only on clinical or 
radiological findings were defined as having suspected 
covid-19. The recently pregnant group comprised 
women in the postpartum and post-abortion period. 
We included studies that compared covid-19 rates, 
clinical manifestations (symptoms, laboratory and 
radiological results), risk factors, and associated 
mortality and morbidity between pregnant and 
recently pregnant and non-pregnant women of 
reproductive age, and those that compared maternal 
and perinatal outcomes in pregnant women with and 
without covid-19. Studies on non-comparative cohorts 
with a minimum of 10 participants were included if 
they reported on the rates and clinical manifestations 
of covid-19 and relevant outcomes in pregnant and 
recently pregnant women. We defined cohort studies 
as those that sampled participants on the basis of 
exposure, followed-up participants over time, and 
ascertained the outcomes.21 The PROSPERO protocol 
provides a full list of the risk factors, clinical features, 
and outcomes evaluated.18 

The sampling frames for detecting covid-19 included 
universal screening and testing, when all women were 
assessed for covid-19 using reverse transcriptase 
polymerase chain reaction (RT-PCR) for SARS-CoV-2 
or chest computed tomography; risk based testing 
on the basis of epidemiological history and clinical 
manifestations by National Health Commission of 
China (NHCC) guidelines17; and symptom based when 
testing was performed on women with symptoms and 
those with a history of contact with affected individuals. 
We defined the population as being selected when 
only specific groups of women were included, such 
as those undergoing caesarean section or in the third 
trimester. We categorised studies as a high risk group if 
only women with any pre-existing medical or obstetric 
risk factors were included, low risk if women did not 
have any risk factors, and any risk if all women were 
included. 

 
study quality assessment and data extraction 
The quality of the comparative cohort studies was 
assessed for selection, comparability, and outcome 
ascertainment bias using the Newcastle Ottawa 
scale.22 Studies achieving four stars for selection, two 
for comparability, and three for ascertainment of the 
outcome were considered to have a low risk of bias. 

 
Studies achieving two or three stars for selection, one 
for comparability, and two for outcome ascertainment 
were considered to have a medium risk of bias, 
and any study achieving one star for selection or 
outcome ascertainment, or zero for any of the three 
domains, was regarded as having a high risk of bias. 
We assessed the quality of studies reporting on the 
prevalence of clinical manifestations or outcomes 
for internal and external validity using an existing 
tool.23 The following were considered as low risk of 
bias for external validity: representative of national 
population for relevant variables (population), 
representative of target population (sampling frame), 
random selection (selection bias), and more than 
75% response rate in individuals with and without 
the outcome (non-response bias).23 Two indepen- 
dent reviewers extracted data using a pre-piloted 
form. 

 
statistical analysis 
We pooled the comparative dichotomous data using 
random   effects   meta-analysis   and    summarised 
the findings as odds ratios with 95% confidence 
intervals. To combine comparative continuous data 
with dichotomous data we transformed standardised 
mean differences to logarithm odds ratios, assuming 
a normal underlying distribution.24 We pooled the 
dichotomous non-comparative data for rates of clinical 
manifestations and maternal and perinatal outcomes 
as proportions with 95% confidence intervals using 
Dersimonian and Laird random effects meta-analysis 
after transforming data using Freeman-Tukey double 
arcsin transformation. Heterogeneity was reported 
as I2 statistics. We undertook subgroup analysis by 
country status (high versus low and middle income), 
sampling frame (universal, risk based, and symptom 
based testing, including not reported), and risk status 
of women in the studies (high, low, any). Sensitivity 
analysis was performed by restricting the analysis 
to women with confirmed covid-19, study quality 
(high, low), and population (unselected, selected). All 
analyses were done with Stata (version 16). 

 
Patient and public involvement 
The study was supported by Katie’s Team, a dedicated 
patients and public involvement group in Women’s 
Health. The team was involved in the conduct, 
interpretation, and reporting of this living systematic 
review through participation in virtual meetings. 

 
results 
After removing duplicates from   49 684   citations, 
20 625 unique citations were identified and 77 cohort 
studies (55 comparative, 22 non-comparative) were 
included in the systematic review (fig 1). 

 
characteristics of included studies 
Of the 77 studies, 26 (34%) were from the United States, 
24 from China (31%), seven from Italy, six from Spain, 
three each from the United Kingdom and France, and 
one each from Belgium, Brazil, Denmark, Israel, Japan, 
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49 684 
Citations identified 

49 538 Electronic databases from inception to 26 June 2020 
146 Other sources* and reference lists 

 
48 519 

Articles excluded 
19 460 Irrelevant articles 
29 059 Duplicates 

 
1165 

Full text articles assessed for eligibility 

 
1088 

Articles excluded 
457 Inappropriate population 
452 Inappropriate study design 
125 Duplicate publication 

35 Inappropriate outcome 
18 Inappropriate exposure 

1 Article not found 

 
77 

Studies included (13 118 pregnant and recently pregnant women with covid-19; 
83 486 non-pregnant women of reproductive age with covid-19) 

26 Prevalence of covid-19 
52 Risk factors for covid-19 and complications 
40 Clinical manifestations of covid-19 
45 Covid-19 related outcomes 
35 Pregnancy related maternal and perinatal outcomes 

 
 
 

 

Fig 1 | study selection process. *twitter, national reports, blog by j thornton, Obg Project, cOviD-19 and 
Pregnancy  cases,  www.obgproject.com/2020/04/07/covid-19-research-watch-with-dr-jim-thornton/  (accessed 
12 may 2020); ePPi-centre, cOviD-19: a living systematic map of evidence, http://eppi.ioe.ac.uk/cms/Projects/ 
DepartmentofHealthandsocialcare/Publishedreviews/cOviD-19livingsystematicmapoftheevidence/tabid/3765/ 
Default.aspx (accessed 12 may 2020); norwegian institute of Public Health, niPH systematic and living map 
on cOviD-19 evidence, www.nornesk.no/forskningskart/niPH_mainmap.html (accessed 19 may 2020); johns 
Hopkins university center for Humanitarian Health; cOviD-19, maternal and child Health, nutrition, http:// 
hopkinshumanitarianhealth.org/empower/advocacy/covid-19/covid-19-children-and-nutrition/ (accessed 2 june 
2020); researchgate, cOviD-19  research  community,  www.researchgate.net/community/cOviD-19  (accessed 2 
june 2020); and living Overview of the evidence, coronavirus disease (cOviD-19), https://app.iloveevidence.com/ 
loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459 (accessed 16 june 2020) 

 

 

Mexico, the Netherlands, and Portugal. All the studies 
tested respiratory samples using RT-PCR to confirm 
the presence of SARS-CoV-2; 23 studies additionally 
diagnosed covid-19 based on clinical suspicion. 
Eight studies (95 247 women) compared pregnant 
populations with non-pregnant  populations,25-32 
and four studies (2230 women) compared pregnant 
women with covid-19 versus pregnant women 
without covid-19.33-36 Forty cohort studies reported 
on clinical manifestations (13 018 pregnant, 85 084 
non-pregnant women),25-32 35-66 45 studies reported on 
covid-19 related maternal outcomes (14 094 pregnant, 
85 169 non-pregnant  women),25-32 35-51 53-59 61-74  and 
35 studies reported on pregnancy related maternal 
(6279   women)   and   perinatal   outcomes   (2557 
neonates)13 25 27 29 30 32-41 43-47 49-50 54 55 57 59 61 62 64-67 69 70 75 

(see appendix 3). The sampling frames included 
universal testing (29 studies), risk based NHCC 
guidelines (22 studies), and symptom based (19 
studies) strategies. Eleven studies did not report the 
sampling strategy. 

Quality of included studies 
Overall, 67% (37/55) of the comparative cohort 
studies evaluated using the Newcastle Ottawa scale 
had an overall low risk of bias (see appendix 4a). Forty 
nine (89%) had a low risk of bias for study selection 
and six (11%) had a medium risk. The risk of bias for 
comparability of cohorts was low in nine of the studies 
(16%), medium in 45 (82%), and high in one (2%). For 
outcome assessment of the cohorts, 12 (22%) studies 
had a low risk of bias, 42 (76%) a medium risk, and one 
(2%) a high risk. Quality assessment of the prevalence 
studies for external validity showed a low risk of bias 
for representativeness in 13% (10/76) of the studies, 
sampling in 26% (20/76), selection in 74% (56/76), 
and non-response in 96% (73/76). For internal validity, 
there was low risk of bias for data collection in 95% 
(72/76) of the studies, case definition in 36% (27/76), 
measurement in 99% (75/76), differential verification 
in 86% (65/76), adequate follow-up in 22% (17/76), 
and appropriate numerator and denominator in 83% 
(63/76) (see appendix 4b). 
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rates of covid-19 in pregnant and recently pregnant 
women 
The overall rate of covid-19 diagnosis in pregnant 
and recently pregnant women attending or admitted 
to hospital for any reason was 10% (95% confidence 
interval 7% to 14%; 26 studies, 11 432 women; fig 
2). Rates varied by sampling strategy: of the women 
sampled by universal screening, 7% (4% to 10%; 
18 studies, 6247 women) were diagnosed as having 
covid-19 compared with 18% (10% to 28%; 8 studies, 
4928 women) of women sampled on the basis of 
symptoms. All studies with a prevalence rate for 
covid-19 greater than 15% were from the US, except 
for one study, which was from France.76 One in 20 
asymptomatic mothers (5%, 2% to 9%; 11 studies) 

attending or admitted to hospital had a diagnosis of 
covid-19 (see appendix 5a). Three quarters (74%, 51% 
to 93%; 11 studies) of the 162 pregnant women with 
covid-19 in the universal screening population were 
asymptomatic (see appendix 5b). Based on data from 
a small number of studies, a diagnosis of covid-19 in 
pregnancy was associated with maternal obesity (odds 
ratio 1.75, 95% confidence interval 1.34 to 2.30; 
1 study, 1080 women), pre-existing comorbidities 
(1.64, 1.25 to 2.13; 1 study, 1121 women), asthma 
(1.71, 1.03 to 2.84; 2 studies, 1250 women), history 
of covid-19 in the support person (44.56, 14.90 to 
133.28; 1 study, 199 women), and gestational diabetes 
(2.42, 1.55 to 3.79; 1 study, 1121 women) (see 
appendix 6a). 

 
Study Round  Events/ 

No in group 
Rate 

(95% CI) 
Rate 

(95% CI) 

Universal screening   

Sutton 2020 1 33/215  0.15 (0.11 to 0.21) 
Vintzileos 2020 1 32/161  0.20 (0.14 to 0.27) 
Tassis 2020 2 3/139  0.02 (0.01 to 0.06) 
Khalil 2020 2 9/129  0.07 (0.04 to 0.13) 
Gagliardi 2020 3 3/533  0.01 (0.00 to 0.02) 
Naqvi 2020 3 1/82  0.01 (0.00 to 0.07) 
Ceulemans 2020 3 13/470  0.03 (0.02 to 0.05) 
Miller 2020 3 23/635  0.04 (0.02 to 0.05) 
Doria 2020 3 12/103  0.12 (0.07 to 0.19) 
London 2020 3 10/75  0.13 (0.07 to 0.23) 
Bianco 2020 3 24/158  0.15 (0.10 to 0.22) 
Goldfarb 2020 4 20/757  0.03 (0.02 to 0.04) 
LaCourse 2020 4 5/188  0.03 (0.01 to 0.06) 
Ochiai 2020 4 2/52  0.04 (0.01 to 0.13) 
Freiesleben 2020 5 30/1055  0.03 (0.02 to 0.04) 
Cosma 2020 5 23/225  0.10 (0.07 to 0.15) 
Crovetto 2020 5 125/874  0.14 (0.12 to 0.17) 
Emeruwa 2020 5 71/396  0.18 (0.14 to 0.22) 

Subtotal: P=0.00; I2=95.1%  0.07 (0.04 to 0.10) 
Symptom based screening   
Blitz 2020 2 82/2971  0.03 (0.02 to 0.03) 
Campbell 2020 3 30/770  0.04 (0.03 to 0.06) 
Fox 2020 3 33/757  0.04 (0.03 to 0.06) 
Qadri 2020 3 16/192  0.08 (0.05 to 0.13) 
Duffy 2020 3 15/37  0.41 (0.26 to 0.57) 
London 2020 3 58/81  0.72 (0.61 to 0.80) 
LaCourse 2020 4 8/42  0.19 (0.10 to 0.33) 
Griffin 2020 5 26/78  0.33 (0.24 to 0.44) 

Subtotal: P=0.00; I2=97.9%  0.18 (0.10 to 0.28) 
Not known   
Cohen 5 88/194  0.45 (0.39 to 0.52) 

Overall: I2=96.99%, P=0.00;  0.10 (0.07 to 0.14); 
estimated predictive interval 0 0.803 (0.00 to 0.35) 

 

Fig 2 | Prevalence of severe acute respiratory syndrome coronavirus 2 in pregnant and recently pregnant women 
identified by various sampling strategies. meta-analysis includes one study (liao 2020) screened using national 
Health commission china criteria with no events. symptom based screening includes screening based on symptoms 
or history of contact with individuals with covid-19. round number represents search strategy updates in the living 
systematic review 
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clinical manifestations of covid-19 during 
pregnancy and after delivery 
The most common symptoms reported by pregnant 
and recently pregnant women with suspected or 
confirmed covid-19 were fever (40%) and cough 
(39%); lymphopaenia (35%) and raised C reactive 
protein levels (49%) were the most common laboratory 
findings (fig 3). Compared with non-pregnant women 
of reproductive age with covid-19, pregnant and 
recently pregnant women with the disease were 
less likely to manifest symptoms of fever (0.43, 0.22 
to 0.85; 5 studies, 80 521 women) and myalgia 
(0.48, 0.45 to 0.51; 3 studies, 80 409 women) (fig 
4). A history of pre-existing diabetes was more often 
observed in pregnant women with covid-19 than in 
non-pregnant women with the disease (1.78, 1.03 to 
3.05; 3 studies, 91 595 women) (see appendix 6b). 
Sensitivity analysis restricted to various sampling 
frames showed lower estimates of fever, cough, and 
dyspnoea in the universal screening population and 
higher estimates in the symptom based population 
(see appendix 7). The rates of clinical manifestations 
were similar to the overall estimates when the analysis 
was restricted to only women with RT-PCR confirmed 
covid-19, unselected populations, and women with 
any risk (see appendix 7). 

 
Outcomes related to covid-19 in pregnant and 
recently pregnant women 
Overall, 73 pregnant women (26 studies, 11 580 
women) with confirmed covid-19 died from any cause 
(0.1%, 95% confidence interval 0.0% to 0.7%). Severe 
covid-19 was diagnosed in 13% (6% to 21%; 21 studies, 
2271 women) of pregnant and recently pregnant 
women with suspected or confirmed covid-19; 4% 
(2% to 7%; 17 studies, 10 901 women) of the pregnant 
women with covid-19 were admitted to an intensive 
care unit, 3% (1% to 5%; 13 studies, 10 713 women) 
required invasive ventilation, and 0.4% (0.1% to 
0.9%; 9 studies, 1935 women) required extracorporeal 
membrane oxygenation (fig 3). Appendix 8 provides the 
rates of complications by sampling strategy. Compared 
with non-pregnant women of reproductive age with 
covid-19, the odds of admission to the intensive care 
unit (1.62, 95% confidence interval 1.33 to 1.96) and 
need for invasive ventilation (1.88, 1.36 to 2.60) were 
higher in pregnant and recently pregnant women (four 
studies, 91 606 women) (table 1). Maternal risk factors 
associated with severe covid-19 were increasing age 
(1.78, 1.25 to 2.55; 4 studies, 1058 women), high 
body mass index (2.38, 1.67 to 3.39; 3 studies, 877 
women),  chronic  hypertension  (2.0,  1.14  to  3.48; 
2 studies, 858 women), and pre-existing diabetes 
(2.51, 1.31 to 4.80; 2 studies, 858 women) (fig 5). 
Pre-existing maternal comorbidity was associated 
with admission to an intensive care unit (4.21, 1.06 to 
16.72; 2 studies, 320 women) and the need for invasive 
ventilation (4.48, 1.40 to 14.37; 2 studies, 313 women) 
(table 2). 

 
maternal and perinatal outcomes in pregnant and 
recently pregnant women with covid-19 
In pregnant and recently pregnant women with 
covid-19 the rate of overall preterm birth was 17% 
(95% confidence interval 13% to 21%; 30 studies, 
1872 women) and of spontaneous preterm birth was 
6% (3% to 9%; 10 studies, 870 women) (fig 3). In 
pregnant and recently pregnant women with covid-19 
compared with pregnant and recently pregnant 
women without the disease, the odds of any preterm 
birth (3.0, 95% confidence interval 1.15 to 7.85; 2 
studies, 339 women) were higher, but no differences 
were observed in other maternal outcomes (table 
1). Eighteen stillbirths (27 studies; 2837 offspring) 
and six neonatal deaths (26 studies; 1728 neonates) 
occurred among pregnant and recently pregnant 
women with covid-19, resulting in negligible risks 
(fig 3). Overall, 25% (95% confidence interval 14% 
to 37%; 17 studies, 1348 women) of neonates born to 
women with covid-19 were admitted to the neonatal 
unit (fig 3), with a higher risk of admission (odds ratio 
3.13, 95% confidence interval 2.05 to 4.78; 1 study, 
1121 neonates) than those born to mothers without 
the disease in one study with historical controls. No 
differences were observed for other perinatal outcomes. 
Appendix 9 provides the rates of covid-19 related 
and pregnancy related outcomes for the individual 
studies. 

 
discussion 
In this living systematic review, we found that one in 10 
pregnant or recently pregnant women who are attending 
or admitted to hospital for any reason are diagnosed as 
having suspected or confirmed covid-19, although the 
rates vary by sampling strategy. The covid-19 related 
symptoms of fever and myalgia manifest less often in 
pregnant and recently pregnant women than in non- 
pregnant women of reproductive age. Whereas testing 
for SARS-CoV-2 in non-pregnant women is based 
on symptoms or contact history, testing in pregnant 
women is usually done when they are in hospital for 
reasons that might not be related to covid-19. Pregnant 
or recently pregnant women with covid-19 seem 
to be at increased risk of requiring admission to an 
intensive care unit or invasive ventilation. Increased 
maternal age, high body mass index, and pre-existing 
comorbidities might be associated with severe disease. 
Pregnant women with covid-19 are at increased risk 
of delivering preterm and their babies being admitted 
to the neonatal unit. But overall rates of spontaneous 
preterm births are not high. Stillbirth and neonatal 
death rates are low in women with suspected or 
confirmed covid-19. All comparative findings are 
based on small numbers of studies, despite the large 
sample sizes. Substantial heterogeneity was observed 
in the estimates for rates of clinical manifestations 
and outcomes, which varied by sampling frames, 
participant selection, and risk status of the 
participants. 
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Study 

 
Clinical manifestations 

Studies Events/ 
No in group 

Proportion 
(95% CI) 

Proportion 
(95% CI) 

I2 (%) 
(P value) 

Range 

Symptoms  

Fever 29 2733/8328 0.40 (0.31 to 0.49) 97.4 (0.00) (0.11-0.73) 

Cough 28 3432/8317 0.39 (0.31 to 0.47) 96.8 (0.00) (0.03-0.81) 

Dyspnoea 22 1928/8159 0.19 (0.13 to 0.26) 96.2 (0.00) (0.00-0.62) 

Myalgia 9 1411/6078 0.10 (0.05 to 0.17) 90.7 (0.00) (0.00-0.25) 

Ageusia 3 24/310 0.15 (0.00 to 0.41) 93.6 (0.00) (0.03-0.28) 

Diarrhoea 17 659/7525 0.07 (0.05 to 0.09) 65.5 (0.00) (0.00-0.18) 

Laboratory findings      
Raised white cell count 6 50/251 0.27 (0.09 to 0.51) 92.3 (0.00) (0.03-0.52) 

Lymphopaenia 15 262/780 0.35 (0.26 to 0.45) 85.6 (0.00) (0.09-0.90) 

Thrombocytopaenia 7 36/428 0.08 (0.02 to 0.18) 85.3 (0.00) (0.01-0.35) 

Abnormal liver function test results 9 51/491 0.11 (0.05 to 0.18) 74.1 (0.00) (0.00-0.29) 

Raised procalcitonin level 5 60/261 0.21 (0.00 to 0.59) 96.6 (0.00) (0.00-0.97) 

Raised C reactive protein level 7 174/426 0.49 (0.36 to 0.63) 86.2 (0.00) (0.23-0.71) 

Radiological findings      
Ground glass appearance 10 246/387 0.69 (0.41 to 0.91) 96.5 (0.00) (0.09-1.00) 

Any abnormality on computed tomography 20 599/1968 0.65 (0.46 to 0.82) 98.4 (0.00) (0.02-1.00) 

Maternal and perinatal outcomes      
Covid related outcomes      
All cause mortality 26 73/11 580 0.00 (0.00 to 0.01) 80.2 (0.00) (0.00-0.07) 

Admission to intensive care unit 17 323/10 901 0.04 (0.02 to 0.07) 93.6 (0.00) (0.00-0.13) 

Severe covid-19 21 417/2271 0.13 (0.06 to 0.21) 95.5 (0.00) (0.00-1.00) 

Invasive ventilation 13 155/10 713 0.03 (0.01 to 0.05) 93.5 (0.00) (0.00-0.09) 

ECMO 9 16/1935 0.00 (0.00 to 0.01) 0.0 (0.93) (0.00-0.01) 

Oxygen, cannula 13 243/1281 0.30 (0.14 to 0.48) 97.1 (0.00) (0.02-1.00) 

ARDS 6 270/1006 0.09 (0.00 to 0.33) 98.7 (0.00) (0.00-0.51) 

Pneumonia 23 729/2577 0.49 (0.35 to 0.63) 97.9 (0.00) (0.00-1.00) 

Cardiac, liver, renal failure 7 7/737 0.00 (0.00 to 0.01) 10.6 (0.35) (0.00-0.13) 

Pregnancy related outcomes      
Preterm birth <37 weeks 30 386/1872 0.17 (0.13 to 0.21) 71.5 (0.00) (0.00-0.59) 

Spontaneous preterm birth 10 56/870 0.06 (0.03 to 0.09) 55.0 (0.02) (0.02-0.31) 

PPROM <37 weeks 8 28/436 0.05 (0.03 to 0.08) 0.0 (0.66) (0.03-0.17) 

Caesarean section 28 1060/1933 0.65 (0.57 to 0.73) 91.3 (0.00) (0.33-1.00) 

Vaginal delivery 27 856/1916 0.35 (0.27 to 0.43) 91.4 (0.00) (0.00-0.67) 

Postpartum haemorrhage 5 13/250 0.03 (0.00 to 0.08) 45.6 (0.14) (0.01-0.09) 

Offspring outcomes      
Stillbirth 27 18/2837       0.00 (0.00 to 0.00) 0.0 (1.00) (0.00-0.02) 

Neonatal death 26 6/1728       0.00 (0.00 to 0.00) 0.0 (1.00) (0.00-0.01) 

Admission to neonatal unit 17 368/1348       0.25 (0.14 to 0.37) 94.9 (0.00) (0.00-1.00) 

Neonatal sepsis 2 2/51       0.04 (0.00 to 0.12) Not estimable (0.03-0.06) 

Abnormal Apgar score 14 11/500       0.01 (0.00 to 0.02) 0.0 (0.64) (0.00-0.06) 

Fetal distress 7 25/293  
 
0 

 
 

0.2 

 
 

0.4 

 
 

0.6 

 
 

0.8 

 
 

1.0 

0.08 (0.05 to 0.12) 0.0 (0.74) (0.04-0.15) 

 

Fig 3 | rates of clinical manifestations of coronavirus disease (covid-19) in pregnant women and recently pregnant women with suspected or 
confirmed covid-19 and associated maternal and perinatal outcomes. ecmO=extracorporeal membrane oxygenation; arDs=acute respiratory 
distress syndrome; PPrOm=preterm premature rupture of membranes 

 

 

strengths and limitations of this review 
In this unprecedented pandemic situation, where 
evidence is rapidly produced and published in various 
formats, our living systematic review underpinned by 
robust methods and continually updated at regular 
intervals is relevant for several reasons. Firstly, it 

addresses   important   research   questions   relevant 
to clinical decision making and policies. Secondly, 
uncertainties remain for key outcomes that require 
further evidence. Thirdly, the rapid turnover of 
evidence in various formats requires assessments of 
study quality and regular updating of the findings. 
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Symptoms No of pregnant No of non-pregnant Odds ratio Odds ratio 
women with covid-19/ women with covid-19/ (95% CI) (95% CI) 

No in group No in group 

Any symptom          

Cheng 2020 22/31 75/80       0.16 (0.05 to 0.54) 
Wei 2020 15/17 24/26       0.62 (0.08 to 4.92) 
Wang 2020 22/30 42/42       0.03 (0.00 to 0.56) 
Ellington 2020 5199/5355 72 549/74 877       1.07 (0.91 to 1.26) 

Subtotal: I2=80.3% 5258/5433 72 690/75 025       0.33 (0.08 to 1.41) 
Fever          
Liu 2020 8/21 14/19       0.22 (0.06 to 0.85) 
Yin 2020 17/31 30/35       0.20 (0.06 to 0.66) 
Cheng 2020 15/31 49/80       0.59 (0.26 to 1.37) 
Wang 2020 11/30 28/42       0.29 (0.11 to 0.77) 
Ellington 2020 1190/5355 18 474/74 877       0.87 (0.82 to 0.93) 

Subtotal: I2=73.9% 1241/5468 18 595/75 053       0.43 (0.22 to 0.85) 
Cough          
Liu 2020 6/21 8/19       0.55 (0.15 to 2.05) 
Yin 2020 15/31 16/35       1.11 (0.42 to 2.93) 
Cheng 2020 14/31 48/80       0.55 (0.24 to 1.27) 
Wang 2020 5/30 21/42       0.20 (0.06 to 0.62) 
Ellington 2020 1799/5355 23 554/74 877       1.10 (1.04 to 1.17) 

Subtotal: I2=67.6% 1839/5468 23 647/75 053       0.67 (0.37 to 1.23) 
Dyspnoea          
Liu 2020 1/21 1/19       0.90 (0.05 to 15.47) 
Yin 2020 8/31 9/35       1.00 (0.33 to 3.03) 
Cheng 2020 5/31 30/80       0.32 (0.11 to 0.92) 
Wang 2020 1/27 4/45       0.39 (0.04 to 3.72) 
Ellington 2020 1045/5355 13 292/74 877       1.12 (1.05 to 1.20) 

Subtotal: I2=36.0% 1060/5465 13 336/75 056       0.82 (0.47 to 1.43) 
Myalgia          
Yin 2020 3/31 6/35       0.52 (0.12 to 2.27) 
Cheng 2020 1/31 8/80       0.30 (0.04 to 2.50) 
Ellington 2020 1323/8207 20 726/72 025       0.48 (0.45 to 0.51) 

Subtotal: I2=73.9% 1327/8269 20 740/72 140       0.48 (0.45 to 0.51) 

   0.01 0.25 0.5 1 2 10 100  

Note: Weights are from random effects analysis 
 

Fig 4 | clinical manifestations of coronavirus disease (covid-19) in pregnant and recently pregnant women compared with non-pregnant women of 
reproductive age with covid-19 

 

 

Finally, our living systematic review will produce a 
strong evidence base for living guidelines on covid-19 
and pregnancy. 

We undertook a comprehensive search and coordi- 
nated our efforts with key organisations and research 
groups, such as WHO, the Cochrane Centre, and EPPI- 
Centre. To minimise risk of bias we restricted our meta- 
analysis to cohort studies, and we reported the quality 
of the included studies. By contacting the authors 
and obtaining reports not published in PubMed, we 
minimised the risk of missing relevant studies. Our 
systematic review has a large sample size and it is 
continuously increasing. Our living meta-analyses 
framework will enable us to rapidly update the findings 
as new data emerge. We undertook extensive work to 
ensure that duplicate data are not included. Our various 

comparative analyses allowed us to comprehensively 
assess the association between pregnancy and covid-
19 related outcomes, covid-19 and pregnancy 
outcomes, risk factors for SARS-CoV-2 infection, and 
complications. Our review helps to understand the 
variations in estimates through sensitivity analyses by 
sampling strategies, population characteristics, and 
risk factors, and it provides confidence in the rates of 
reported outcomes. 

Our systematic review also has limitations. The 
primary studies used varied sampling frames to 
identify women with covid-19, comprised women 
with suspected and confirmed covid-19, and primarily 
reported on pregnant women who required visits to 
hospital, including for childbirth, thereby affecting 
the generalisability of the estimates. Although our 
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table 1 | Outcomes in pregnant and recently pregnant women with coronavirus disease 2019 (covid-19) 

 
Outcomes 

 
no of studies 

women (no with event/no in group (%)) 

Pregnant women with covid-19     comparison group 
 

Odds ratio (95% ci) 
 

i2 (%) 
comparison group: non-pregnant women of reproductive age with covid-19 
All cause mortality 4 16/8282 (0.2) 208/83 327 (0.2) 0.81 (0.49 to 1.33) 0 
ICU admission 4 121/8276 (1.5) 758/83 330 (0.9) 1.62 (1.33 to 1.96) 0 
Invasive ventilation 4 43/8276 (0.5) 226/83 330 (0.3) 1.88 (1.36 to 2.60) 0 
ECMO 1 0/31 (0) 0/80 (0) 2.56 (0.05 to 131.60) NE 
Oxygen through nasal cannula 2 8/48 (16.7) 49/106 (46.2) 0.21 (0.04 to 1.13) 65.7 
ARDS 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE 
Major organ failure 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE 
comparison group: pregnant women without covid-19 
Maternal outcomes: 

All cause mortality 1* 5/427 (1.2) 0/694 (0) 18.08 (1.00 to 327.83) NE 
ICU admission 1* 40/427 (9.4) 1/694 (0.1) 71.63 (9.81 to 523.06) NE 
Preterm birth <37 weeks 2 7/44 (15.9) 18/295 (6.1) 3.01 (1.16 to 7.85) 0.9 
Caesarean section 3* 184/491 (37.5) 577/1676 (34.4) 2.02 (0.67 to 6.10) 87.5 

Perinatal outcomes: 
Stillbirth 1* 3/427 (0.7) 2/694 (0.3) 2.45 (0.41 to 14.71) NE 
Neonatal death 1* 2/427 (0.5) 1/694 (0.1) 3.26 (0.30 to 36.07) NE 
Admission to neonatal unit 1* 64/427 (15.0) 37/694 (5.3) 3.13 (2.05 to 4.79) NE 
Abnormal Apgar score at 5 minutes 1 0/30 (0) 12/740 (1.6) 0.96 (0.06 to 16.51) NE 
Fetal distress 1 3/34 (8.8) 12/242 (5.0) 1.86 (0.50 to 6.94) NE 

ICU=intensive care unit; ECMO=extracorporeal membrane oxygenation; ARDS=acute respiratory distress syndrome; NE=not estimable. 
The denominator is number of pregnancies for all outcomes. 
*Historical comparative cohort in UK Obstetric Surveillance System study. 

 
sensitivity analyses aimed to tackle some of these 
problems, the numbers and sample sizes of the 
individual studies were too small to identify differences 
between the subgroups. The timing of assessment of 
the clinical manifestations of disease was generally 
not available. The definitions of symptoms, tests, 
and outcomes were heterogeneous. Furthermore, 
poor reporting of the criteria for caesarean section, 
admissions to the neonatal unit, and the causes 
of preterm birth, made it difficult to disentangle 
iatrogenic effect from the true impact of the disease. 
There is a paucity of comparative data to assess the risk 
of severe disease in pregnant women compared with 
non-pregnant women in similarly aged groups, and 
to compare pregnancy outcomes in women with and 
without covid-19. Not many studies reported outcomes 
by trimester for symptom onset, making it difficult 
to assess the rates of miscarriage and postpartum 
complications. For some outcomes, the findings were 
influenced by a single large study.26 Many studies 
had to be excluded as we could not rule out potential 
overlap in the study populations. 

 
comparison with existing evidence 
Alongside the spread of the pandemic, a shift has 
occurred in the types of studies published, with initial 
studies involving pregnant women from epidemic regions 
in China, followed by reports of large regional and 
national datasets from the US, UK, Netherlands, Spain, 
and, more recently, Latin American countries. The study 
design has also changed from initial small case series 
and case reports to large observational data, with recent 
studies also providing comparative data. The prevalence 
of covid-19 varied widely between studies, particularly 
when sampling was done based on symptoms or history 
of contact, highlighting the variations in criteria for 

testing. Moreover, the findings only relate to those women 
attending hospital for any reason. The true prevalence 
of covid-19 in pregnancy is likely to be lower when all 
pregnant women are included. 

In the recent cohort study of all individuals admitted 
with covid-19 in the UK, the cluster of respiratory 
symptoms of cough, fever, and breathlessness were 
observed in more than two thirds of individuals,77 
similar to reported rates in the US and China.78-80 But 
in our review, fewer pregnant and recently pregnant 
women with covid-19 manifested these symptoms 
than the non-pregnant population, indicating possi- 
ble high rates of asymptomatic presentation in this 
population. This is likely because of the strategy of 
universal screening for covid-19 in pregnancy and 
the low thresholds for testing than in non-pregnancy. 
Despite the possibility of the above strategies detecting 
pregnant women with mild disease, we observed an 
increase in admissions to the intensive care unit and 
need for invasive ventilation compared with non- 
pregnant women of reproductive age with covid-19. 
The findings were mainly influenced by the recent 
large Centers for Disease Control and Prevention report 
from the US.26 Pregnancy status was not ascertained 
in a large proportion of women of reproductive age 
in the CDC report that could affect the estimates. 
Furthermore, the outcomes for which the data were 
missing were considered to be absent in the report, 
thereby incurring bias. The pooled estimates for severe 
covid-19 and admission to an intensive care unit were, 
however, still relatively high in the non-comparative 
data, indicative of a potential high risk in pregnancy. 
This is supported by the recent analysis in a Swedish 
study suggesting a high risk of admission to an 
intensive care unit and invasive ventilation in pregnant 
women than non-pregnant women.81 
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Risk factors No of pregnant women No of pregnant women Odds ratio Odds ratio 
with risk factor and severe with risk factor without (95% CI) (95% CI) 

covid-19/No in group severe covid-19/No in group 

Age*         

Kayem 2020 59/128 135/489      2.24 (1.50 to 3.35) 

Martinez-Perez 2020 2/4 39/78      1.00 (0.13 to 7.46) 

Khoury 2020 22/75 43/166      1.19 (0.65 to 2.18) 

Chen 2020 (continuous age) n/9 n/109      1.87 (0.55 to 6.42) 

Subtotal: I2=9% 83/216 219/842      1.78 (1.25 to 2.55) 

Body mass index         
Kayem 2020 46/128 93/489      2.39 (1.56 to 3.66) 

Martinez-Perez 2020 1/4 18/78      1.11 (0.11 to 11.35) 

Khoury 2020 43/62 55/116      2.51 (1.31 to 4.81) 

Wu 2020 0/0 0/13      Excluded 

Subtotal: I2=0% 90/194 166/696      2.38 (1.67 to 3.39) 

Multiparity         
Chen 2020 5/9 46/97      1.39 (0.35 to 5.47) 

Savasi 2020 8/14 39/63      0.82 (0.25 to 2.66) 

Martinez-Perez 2020 3/4 53/78      1.42 (0.14 to 14.29) 

Subtotal: I2=0% 16/27 138/238      1.07 (0.46 to 2.46) 

Third trimester         
Yan 2020 7/8 99/108      0.64 (0.07 to 5.76) 

Andrikopoulou 2020 22/34 94/124      0.59 (0.26 to 1.32) 

Subtotal: I2=0% 29/42 193/232      0.59 (0.28 to 1.27) 

Non-white         
Savasi 2020 6/14 18/63      1.88 (0.57 to 6.17) 

Khoury 2020 54/65 143/156      0.45 (0.19 to 1.06) 

Subtotal: I2=73% 60/79 161/219      0.86 (0.21 to 3.50) 

Any comorbidity         
Savasi 2020 6/14 18/63      1.88 (0.57 to 6.17) 

Martinez-Perez 2020 1/4 25/78      0.71 (0.07 to 7.14) 

Subtotal: I2=0% 7/18 43/141      1.53 (0.53 to 4.41) 

Chronic hypertension         
Kayem 2020 7/128 11/489      2.51 (0.95 to 6.62) 

Khoury 2020 18/75 25/166      1.78 (0.90 to 3.51) 

Subtotal: I2=0% 25/203 36/655      2.00 (1.14 to 3.48) 

Pre-existing diabetes         

Kayem 2020 7/128 7/489      3.98 (1.37 to 11.57) 

Khoury 2020 16/75 20/166      1.98 (0.96 to 4.08) 

Subtotal: I2=12% 23/203 27/655      2.51 (1.31 to 4.80) 

Pre-eclampsia         
Yan 2020 1/8 3/108      5.00 (0.46 to 54.51) 

Martinez-Perez 2020 1/4 3/78      8.33 (0.66 to 105.71) 

Subtotal: I2=0% 2/12 6/186      6.35 (1.11 to 36.22) 

Gestational diabetes         
Andrikopoulou 2020 1/34 6/124      0.60 (0.07 to 5.13) 

Kayem 2020 17/128 54/489      1.23 (0.69 to 2.21) 

Martinez-Perez 2020 0/4 1/78      5.74 (0.20 to 161.79) 

Yan 2020 0/0 9/116      Excluded 

Subtotal: I2=0% 18/166 70/807      1.23 (0.70 to 2.14) 

   0.01 0.25 0.5 1 2 10 100  

Note: Weights are from random effects analysis 
 

Fig 5 | risk factors associated with severe coronavirus disease 2019 (covid-19) in pregnant and recently pregnant women. symptom based 
screening: savasi v, Kayem g; nHcc (national Health commission china). criteria based screening: chen, wu, yan. all other studies used universal 
screening. cut-off for age is 35 years or more, and for body mass index is 30 or more. *includes one study with continuous measurement of risk 
factor 
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table 2 | maternal characteristics associated with severe coronavirus disease 2019 (covid-19) and all cause death in 
pregnant and recently pregnant women with a diagnosis of covid-19 

 
maternal risk factors and 
outcomes 

 
no of 
studies 

 
total no 
of women 

Pregnant women (no with risk factor/no 
  in group (%))  

with outcome without outcome 

 
 
Odds ratio (95% ci) 

 
 

i2 (%) 
Age ≥35 years: 

Severe disease 4 1058 216* 842* 1.78 (1.25 to 2.55) 9 
ICU admission 2 260 8/87 (9.2) 8/173 (4.6) 2.44 (0.43 to 14.01) 63 
Invasive ventilation 1 178 3/65 (4.6) 2/113 (1.8) 2.69 (0.44 to 16.51) NE 
Maternal death 1 288 20/154 (13.0) 16/134 (11.9) 1.10 (0.55 to 2.22) NE 

Multiparity: 
Severe disease 3 265 16/154 (10.4) 11/111 (9.9) 1.07 (0.46 to 2.46) 0 
ICU admission 1 42 4/22 (18.2) 4/20 (20.0) 0.89 (0.19 to 4.15) NE 

Body mass index ≥30: 
Severe disease 3 877 90/256 (35.2) 104/621 (16.7) 2.38 (1.67 to 3.39) 0 
ICU admission 1 142 3/22 (13.6) 4/120 (3.3) 4.58 (0.95 to 22.09) NE 
Invasive ventilation 1 135 5/21 (23.8) 6/114 (5.3) 5.63 (1.54 to 20.59) NE 
Maternal death 2 596 6/62 (9.7) 37/534 (6.9) 2.57 (0.97 to 6.82) 0 

Non-white ethnicity: 
Severe disease 2 298 60/221 (27.1) 19/77 (24.7) 0.86 (0.21 to 3.50) 73 
ICU admission 1 42 5/20 (25.0) 3/22 (13.6) 2.11 (0.43 to 10.28) NE 
Maternal death 2 596 31/220 (14.1) 12/376 (3.2) 2.40 (0.94 to 6.11) 0 

Any comorbidity: 
Severe disease 2 159 7/50 (14.0) 11/109 (10.1) 1.53 (0.53 to 4.41) 0 
ICU admission 2 320 4/37 (10.8) 11/283 (3.9) 4.21 (1.06 to 16.72) 0 
Invasive ventilation 2 313 6/36 (16.7) 10/277 (3.6) 4.48 (1.40 to 14.37) 0 

Chronic hypertension: 
Severe disease 2 858 25/61 (41.0) 178/797 (22.3) 2.0 (1.14 to 3.48) 0 
ICU admission 1 141 2/5 (40.0) 5/136 (3.7) 17.47 (2.37 to 129.02) NE 
Invasive ventilation 1 134 4/5 (80.0) 7/129 (5.4) 69.71 (6.85 to 709.34) NE 
Maternal death 2 596 5/29 (17.2) 38/567 (6.7) 3.38 (1.17 to 9.75) 0 

Pre-existing diabetes: 
Severe disease 2 858 23/50 (46.0) 180/808 (22.3) 2.51 (1.31 to 4.80) 12 
ICU admission 2 181 1/7 (14.3) 14/174 (8.0) 2.88 (0.44 to 18.96) 0 
Invasive ventilation 1 132 1/6 (16.7) 9/126 (7.1) 2.60 (0.27 to 24.71) NE 
Maternal death 2 596 10/52 (19.2) 33/544 (6.1) 6.63 (0.27 to 161.45) 91 

Asthma: 
Severe disease 3 857 17/61 (27.9) 149/796 (18.7) 1.86 (0.88 to 3.93) 22 
Maternal death 2 596 3/22 (13.6) 40/574 (7.0) 2.04 (0.61 to 6.85) 0 

Smoking: 
Severe disease 3 776 5/23 (21.7) 141/753 (18.7) 1.67 (0.64 to 4.40) 0 
ICU admission 1 42 1/2 (50.0) 7/40 (17.5) 4.71 (0.26 to 84.77) NE 
Maternal death 1 308 0/10 (0) 7/298 (2.3) 1.85 (0.10 to 34.60) NE 

Gestation ≥28 weeks: 
Severe disease 2 274 29/222 (13.1) 13/52 (25.0) 0.59 (0.28 to 1.27) 0 
Maternal death 1 273 22/190 (11.6) 12/83 (14.5) 0.78 (0.36 to 1.65) NE 

Gestational diabetes: 
Severe disease 4 973 18/88 (20.5) 148/885 (16.7) 1.23 (0.70 to 2.14) 0 

Pre-eclampsia: 
Severe disease 2 198 2/8 (25.0) 10/190 (5.3) 6.36 (1.12 to 36.22) 0 
ICU admission 1 42 6/6 (100.0) 2/36 (5.6) 179.40 (7.69 to 4186.05) NE 

ICU=intensive care unit; NE=not estimable. 
*Includes one or more studies with continuous measurement of risk factor. 

 
Similar to the general population, high body mass 

index and pre-existing comorbidity seemed to be risk 
factors for severity of covid-19 in pregnancy, including 
admission to an intensive care unit and invasive 
ventilation.77 Complications related to covid-19 did 
not seem to be increased in women presenting in the 
third trimester or in multiparous women—but existing 
sample sizes are not large. Both chronic hypertension 
and pre-existing diabetes were associated with 
maternal death in pregnant women with covid-19, 
which are known risk factors in the general population. 
But it is not known if covid-19 was the direct cause of 
death for these women, and the numbers of studies 

are small. We observed an increase in rates of preterm 
birth in pregnant women with covid-19 compared 
with those without the disease. These preterm births 
could be medically indicated, as the overall rates of 
spontaneous preterm births in pregnant women with 
covid-19 was broadly similar to those observed in the 
pre-pandemic period. Although more than 60% of 
pregnant women underwent caesarean section in the 
non-comparative studies, we did not find a statistically 
significant difference in comparative studies of 
pregnant women with and without covid-19. The 
precision of the estimates is expected to improve with 
the publication of more data in the future. The overall 
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rates of stillbirths and neonatal deaths do not seem to 
be higher than the background rates. The indications 
for admissions to the neonatal unit, observed in 
about a quarter of neonates delivered to mothers with 
covid-19, have not been reported. Local policies on 
observation and quarantine of infants with exposure 
to SARS-CoV-2 might have influenced these rates. 

 
relevance for clinical practice and research 
Based on existing data, healthcare professionals 
should be aware that pregnant and recently pregnant 
women with covid-19 might manifest fewer symptoms 
than the general population, with the overall pattern 
similar to that of the general population. Emerging 
comparative data indicate the potential for an increase 
in the rates of admission to intensive care units and 
invasive ventilation in pregnant women compared 
with non-pregnant women. Mothers with pre-existing 
comorbidities will need to be considered as a high risk 
group for covid-19, along with those who are obese and 
of greater maternal age. Clinicians will need to balance 
the need for regular multidisciplinary antenatal care 
to manage women with pre-existing comorbidities 
against unnecessary exposure to the virus, through 
virtual clinic appointments when possible. Pregnant 
women with covid-19 before term gestation might 
need to be managed in a unit with facilities to care for 
preterm neonates. 

Further data are needed to assess robustly if preg- 
nancy related maternal and neonatal complications are 
increased in women with covid-19 than those without 
the disease. Similarly, the association between other 
risk factors such as ethnicity and pregnancy specific 
risk factors such as pre-eclampsia and gestational 
diabetes on both covid-19 related and pregnancy 
related outcomes needs evaluation. Pre-eclampsia 
was reported to be associated with severe covid-19 
in small studies, but it requires further assessment 
as the clinical presentation of severe pre-eclampsia 
could mimic worsening covid-19.82 Robust collection 
of maternal data by trimester of exposure, including 
the periconception period, is required to determine the 
effects of covid-19 on early pregnancy outcomes, fetal 
growth, and risk of stillbirth. 

Systematic reviews are considered to be the highest 
quality evidence informing guidelines, and poor 
quality reviews will have a direct impact on clinical 
care. Despite the urgent need for evidence on the 
impact of covid-19 in pregnant women, systematic 
reviews and meta-analyses still need to adhere to 
the reporting guidelines on search criteria, quality 
assessment, and analysis. This is particularly impor- 
tant as large numbers of non-peer reviewed scientific 
papers and reports are currently available in the public 
domain in multiple versions. Primary studies need to 
explicitly state if duplicate data have been included 
to avoid double counting of participants in evidence 
synthesis. Individual participant data meta-analysis 
of the emerging cohorts is critical to assess both 
differential presentation and outcomes by underlying 

 
risk factors, and to determine the differential effects 
of interventions to reduce the rates of complications. 
With the establishment of several national and global 
prospective cohorts, we expect the sample size of 
our meta-analysis to increase further in the coming 
months. Our living systematic review and meta- 
analysis with its regular search and analyses updates 
is ideally placed to assess the impact of new findings 
on the rapidly growing evidence base. 
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Appendix 6a: Maternal factors associated with COVID-19 in pregnant (and recently 
pregnant women) 

 
 

Risk factor No. of 
studies 

Total No. 
of women 

COVID- 
19 present 
n/N 

COVID-19 
absent 
n/N 

OR(95% CI) 12 

Age 35yrs 25 14865 2522* 12343* 0.94 (0.737; 1.196) 0% 
Parity 1 14 12021 1305/6693 790/5328 1.00 (0.822; 1.207) 51% 
BMI 30 12 11735 1977* 9758* 1.29 (0.974; 1.694) 93% 
Non-Cauc asian vs Caucasian 11 8691 540/4527 577/4164 1.66 (1.012; 2.718) 87% 
Multiple pregnancy 8 5231 28/112 1485/5119 0.93 (0.563; 1.525) 12% 
Gestation   28 w 2 1487 267/743 372/744 0.86 (0.647; 1.148) 0% 
Smoking 14 11687 81/678 1756/11009 0.67 (0.384; 1.151) 62% 
Any co-morbidity 10 8811 342/2302 668/6509 1.21 (0.981; 1.502) 23% 
Chronic hypertension 13 7744 79/365 1932/7379 1.40 (0.850; 2.315) 48% 
Pre-exist ing diabetes 12 8000 49/257 1972/7743 0.98 (0.534; 1.784) 52% 
Asthma 9 5620 113/276 1624/5344 0.83 (0.407; 1.690) 73% 
Support person positive 3 1250 418/533 232/717 4.492 (0.629; 32.085) 93% 
Gestational dia betes 10 3298 113/492 1059/5271 1.01 (0.640; 1.591) 62% 

 
 

Appendix 6b. Comparison of characteristics of pregnant (and recently pregnant) 
women with COVID-19 vs non-pregnant reproductive aged women with COVID-19 

 
Ris k factor No. of Total No. Pregnant (and Non-pregnant OR(95% CI) 12 

 studies of women recently pregnant) reproductive   
   women with aged women   
   COVID-19 with COVID-19   
   n/N n/N   

Age 35yrs 7 462366 30546* 431619* 0.41 (0.245; 0.683) 72% 
BMI  30 2 461897 30446* 431451* l.98 (1.737; 2.255) 0% 
Non-Cauc asian vs  461825 23609/30415 294584/431410 1.61 (1.567; 1.656) NE 
Caucasian       
Any co-morbidity 2 461,936 6431/30446 104706/431490 0.94 (0.563; 1.577) 34% 
Chronic hypertension 3 462087 229/30532 5523/431555 0.82 (0.316; 2.117) 57% 
Pre-existing diabetes 5 462262 616/30594 6436/431668 1.35 (1.238; 1.464) 0% 
Asthma 2 262 7/108 16/154 0.62 (0.182; 2.094) 14% 
Support person 1 43 4/17 19/26 0.11 (0.027; 0.467) NE 
positive       

 
*Includes one or more studies with cont inuous measurement of risk factor 
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Appendix 7. Clinical manifestations of coronavirus disease (COVID-19) in pregnant 
and recently pregnant women with suspected or confirmed disease 

 
Clinical 
manifestations 

Subgroup Studies Events/N(*) Proportion (95% CI) I-squared Range 

Symptom       

Fever All studies 53 8033/39429 0.396 (0.306; 0.489) 99.2% (0.050-0.778) 
 Risk based 

NHCC 
Universal 

16 
 

10 

218/529 
 

199/550 

0.398 (0.306; 0.489) 
 

0.251 (0.136; 0.385) 

76.6% 
 

86.9% 

(0.147-0.688) 
 

(0.111-0.531) 
 Symptom 

based 
Not known 

5 
 

22 

885/1683 
 

6731/36667 

0.544 (0.446; 0.640) 
 

0.426 (0.279; 0.578) 

93.3% 
 

99.6% 

(0.441-0.667) 
 

(0.050-0.778) 
 Confirmed 

Covid-19 
Admitted 

46 
 

27 

4829/33558 
 

890/1832 

0.413 (0.319; 0.511) 
 

0.399 (0.328; 0.472) 

98.1% 
 

86.9% 

(0.050-0.778) 
 

(0.111-0.688) 
 All 11 6786/36755 0.452 (0.250; 0.662) 99.8% (0.109-0.778) 
 Selected 14 348/798 0.380 (0.289-0.475) 83.4% (0.050-0.711) 
 Any risk 50 7972/39249 0.403 (0.310; 0.500) 99.3% (0.109-0.778) 
 High risk 2 52/160 0.314 (0.243; 0.390) NE (0.050-0.711) 
 HIC 22 4616/33091 0.395 (0.263;0.535) 99.0% (0.109-0.778) 
 LMIC 30 3248/5950 0.400 (0.348; 0.454) 87.7% (0.050-0.688) 

Cough All studies 53 10379/39641 0.415 (0.330; 0.504) 99.1% (0.029-0.829) 
 Risk based 

NHCC 
Universal 

16 
 

10 

170/529 
 

208/767 

0.325 (0.239; 0.416) 
 

0.223 (0.075; 0.415) 

76.7% 
 

95.9% 

(0.029-0.647) 
 

(0.037-0.558) 
 Symptom 

based 
Not known 

5 
 

22 

949/1683 
 

9052/36662 

0.544 (0.488; 0.599) 
 

0.541 (0.392; 0.686) 

78.3% 
 

99.6% 

(0.470-0.622) 
 

(0.059-0.829) 
 Confirmed 

Covid-19 
Admitted 

45 
 

26 

6770/33764 
 

876/2038 

0.411 (0.330; 0.495) 
 

0.408 (0.312; 0.508) 

97.5% 
 

94.1% 

(0.000-0.818) 
 

(0.037-0.800) 
 All 12 9091/36761 0.516 (0.321; 0.708) 99.8% (0.172-0.783) 
 Selected 14 403/798 0.364 (0.218; 0.524) 94.4% (0.029-0.829) 
 Any risk 50 10256/39461 0.416 (0.329; 0.506) 99.1% (0.029-0.800) 
 High risk 2 118/160 0.751 (0.679; 0.817) NE (0.100-0.829) 
 HIC 21 6682 /33297 0.434 (0.303; 0.569) 99.0% (0.037-0.829) 
 LMIC 31 3495/5956 0.402 (0.337; 0.468) 92.7% (0.029-0.800) 

Dyspnoea All studies 42 5408/39014 0.212 (0.153; 0.277) 98.7% (0.000-0.621) 
 Risk based 

NHCC 
Universal 

11 
 

7 

42/392 
 

78/489 

0.095 (0.052; 0.148) 
 

0.099 (0.033; 0.189) 

51.3% 
 

78.5% 

(0.000-0.258) 
 

(0.048-0.238) 
 Symptom 

based 
Not known 

4 
 

20 

410/1498 
 

4878/36635 

0.289 (0.189; 0.401) 
 

0.316 (0.211; 0.430) 

94.7% 
 

99.3% 

(0.155-0.409) 
 

(0.080-0.621) 
 Confirmed 

Covid-19 
Admitted 

36 
 

20 

3345/33192 
 

392/1537 

0.200 (0.150; 0.255) 
 

0.206 (0.148; 0.270) 

94.6 
 

84.3% 

(0.000-0.659) 
 

(0.033-0.545) 
 All 11 4780/36755 0.214 (0.104; 0.348) 99.6% (0.064-0.556) 



2  

 Selected 11 236/722 0.226 (0.102; 0.378) 94.0% (0.000-0.621) 
 Any risk 40 5309/38854 0.194 (0.137; 0.258) 98.6% (0.000-0.556) 
 High risk 1 87/140 0.621 (0.526; 0.702) NE (0.621-0.621) 
 HIC 18 3390/32845 0.258 (0.171; 0.354) 97.8% (0.053-0.621) 
 LMIC 23 1958/5781 0.181 (0.114; 0.259) 96.4% (0.000-0.600) 

Myalgia All studies 22 5196/34663 0.189 (0.118; 0.271) 98.4% (0.000-0.667) 
 Risk based 

NHCC 
Universal 

7 
 

2 

13/184 
 

10/60 

0.058 (0.023; 0.103) 
 

0.146 (0.063; 0.251) 

5.8% 
 

NE 

(0.000-0.152) 
 

(0.073-0.368) 
 Symptom 

based 
Not known 

3 
 

10 

122/881 
 

5051/33538 

0.149 (0.103; 0.202) 
 

0.328 (0.185; 0.488) 

70.7% 
 

99.3% 

(0.117-0.242) 
 

(0.100-0.667) 
 Confirmed 

Covid-19 
Admitted 

18 
 

12 

4096/32026 
 

157/1121 

0.161 (0.122; 0.205) 
 

0.138 (0.090; 0.194) 

86.1% 
 

77.3% 

(0.000-0.667) 
 

(0.000-0.459) 
 All 5 4937/33311 0.327 (0.134; 0.553) 99.6% (0.126-0.667) 
 Selected 5 102/231 0.202 (0.006; 0.528) 94.8% (0.000-0.636) 
 Any risk 20 5100/34503 0.161 (0.094; 0.240) 98.4% (0.000-0.667) 
 High risk 1 89/140 0.636 (0.550; 0.715) NE (0.636-0.636) 
 HIC 7 4024/31398 0.257 (0.151; 0.379) 97.0% (0.107-0.667) 
 LMIC 14 1116/2877 0.154 (0.062; 0.271) 92.8% (0.000-0.667) 

Ageusia All studies 10 83/776 0.143 (0.065; 0.243) 89.6% (0.025-0.553) 
 Risk based 

NHCC 
Universal 

NA 
 

3 

NA 
 

14/274 

NA 
 

0.133 (0.000; 0.403) 

NA 
 

87.6% 

NA 
 

(0.025-0.300) 
 Symptom 

based 
Not known 

2 
 

5 

16/112 
 

53/390 

0.123 (0.067; 0.192) 
 

0.156 (0.041; 0.321) 

NE 
 

90.3% 

(0.045-0.283) 
 

(0.048-0.553) 
 Confirmed 

Covid-19 
Admitted 

9 
 

5 

76/707 
 

40/638 

0.161 (0.071; 0.276) 
 

0.063 (0.027; 0.113) 

90.2% 
 

73.7% 

(0.025-0.586) 
 

(0.025-0.162) 
 All 2 16/56 0.280 (0.164; 0.411) NE (0.283-0.300) 
 Selected 3 27/82 0.253 (0.022; 0.597) 89.7% (0.048-0.553) 
 Any risk 10 83/776 0.143 (0.065; 0.243) 89.6% (0.025-0.553) 
 High risk NA NA NA NA NA 
 HIC 7 71/621 0.180 (0.064; 0.333) 92.7% (0.025-0.553) 
 LMIC 3 12/155 0.076 (0.025; 0.149) 49.1% (0.045-0.162) 

Diarrhoea All studies 29 2236/38206 0.079 (0.058; 0.104) 93.4% (0.000-0.529) 
 Risk based 

NHCC 
Universal 

9 
 

4 

20/317 
 

12/208 

0.064 (0.021; 0.122) 
 

0.051 (0.022; 0.089) 

58.3% 
 

0.0% 

(0.000-0.182) 
 

(0.024-0.072) 
 Symptom 

based 
Not known 

4 
 

12 

92/1498 
 

2112/36183 

0.057 (0.032; 0.088) 
 

0.113 (0.074; 0.159) 

77.7% 
 

97.2% 

(0.040-0.088) 
 

(0.027-0.529) 
 Confirmed 

Covid-19 
Admitted 

24 
 

14 

1620/32412 
 

75/1171 

0.071 (0.050; 0.095) 
 

0.058 (0.040; 0.078) 

78.4% 
 

17.9% 

(0.015-0.545) 
 

(0.024-0.182) 
 All 8 2069/36647 0.067 (0.042; 0.097) 96.5% (0.032-0.333) 
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Selected 7 92/388 0.119 (0.002; 0.340) 95.7% (0.000-0.529) 

Any risk 28 2162/38066 0.063 (0.047; 0.082) 88.8% (0.000-0.333) 

High risk 1 74/140 0.529 (0.442; 0.613) NE (0.529-0.529) 

HIC 12 1681/32212 0.114 (0.064; 0.175) 95.4% (0.040-0.529) 
LMIC 16 539/5606 0.063 (0.044; 0.084) 64.0% (0.000-0.182) 

Laboratory findings      

Raised white All stud ie s 13 159/580 0.263 (0.145; 0.401) 90.9% (0.000-0.652) 
cell count Risk based 6 44/264 0.215 (0.069; 0.407) 90.1% (0.026-0.519) 

NHCC      
Universal 2 22/62 0.350 (0.234; 0.476) NE (0.268-0.524) 

Symptom  43/66 0.652 (0.524; 0.765) NE (0.652-0.652) 
based      
Not known 4 50//188 0.205 (0.089; 0.346) 63.3% (0.000-0.312) 
Confirmed 12 155/507 0.293 (0.183; 0.415) 87.0% (0.046-0.652) 
Covid-19      
Admitted 7 94/257 0.330 (0.168; 0.515) 88.6% (0.135-0.652) 

All 2 39/131 0.278 (0.198; 0.365) NE (0.000-0.312) 

Selected 4 26/192 0.201 (0.030; 0.456) 90.9% (0.026-0.357) 

Any risk 12 153/560 0.260 (0.136; 0.406) 91.6% (0.000-0.652) 

High risk  6/20 0.300 (0.119; 0.543) NE (0.300-0.300) 

HIC NA NA NA NA NA 

LMIC 13 159 /580 0.263 (0.145; 0.401) 90.9% (0.000-0.652) 

Lymphopaenia All stud ie s 27 659/1833 0.330 (0.255; 0.410) 90.4% (0.000-0.900) 
Risk based 9 111/311 0.347 (0.242; 0.460) 70.9% (0.176-0.900) 
NHCC      
Universal 4 48/281 0.179 (0.068; 0.324) 83.8% (0.049-0.476) 

Symptom 5 264/724 0.390 (0.221; 0.573) 94.8% (0.157-0.697) 
based      
Not known 9 236/517 0.349 (0.215; 0.495) 88.9% (0.000-0.712) 

Confirmed 
Covid-19 

23 599/1726 0.312 (0.228; 0.403) 92.7% (0.049-0.712) 

Admitted 14 263/875 0.309 (0.202; 0.426) 91.2% (0.049-0.697) 

All 4 176/602 0.408 (0.211; 0.620) 93.9% (0.000-0.712) 

Selected 9 120/356 0.327 (0.228; 0.434) 72.6% (0.150-0.900) 

Any risk 24 642/1762 0.343 (0.262; 0.428) 91.3% (0.000-0.900) 

High risk 2 12/51 0.232 (0.122; 0.361) NA (0.150-0.290) 

HIC 9 220/798 0.278 (0.173; 0.396) 91.2% (0.049-0.500) 

LMIC 17 283/647 0.356 (0.246; 0.474) 87.6% (0.000-0.900) 

Thrombocytopa All studies 13 91/1383 0.058 (0.024; 0.103) 86.3% (0.000-0.353) 
enia Risk based 6 33/250 0.097 (0.024; 0.103) 77.1% (0.000-0.353) 

NHCC      
Univ ersal 4 15/506 0.038 (0.006; 0.093) 79.6% (0.012-0.122) 
Symptom 2 43/627 0.038 (0.000; 0.123) 91.9% (0.011-0.103) 
based      
Not known NA NA NA NA NA 
Confirmed 12 67/1243 0.042 (0.013; 0.083) 83.5% (0.000-0.353) 
Covid-19      
Admitted 9 27/823 0.040 (0.011; 0.082) 78.8% (0.000-0.353) 
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All 1 40/388 0.103 (0.075; 0.138) NE (0.103-0.103) 

Selected 3 24/172 0.102 (0.028; 0.208) 62.5% (0.036-0.181) 

Any risk 13 91/1383 0.058 (0.024; 0.103) 86.3% (0.000-0.353) 

High risk NA NA NA NA NA 

HIC 5 13/704 0.017 (0.005; 0.036) 47.4% (0.011-0.082) 

LMIC 7 38/291 0.100 (0.036; 0.186) 72.5% (0.000-0.353) 

Abnormal liver All studies 12 99/641 0.126 (0.060; 0.208) 84.8% (0.000-0.360) 
function test Risk based 6 19/154 0.108 (0.031; 0.214) 66.3% (0.000-0.294) 

NHCC      
Universal 2 11/219 0.049 (0.023; 0.083) NE (0.044-0.066) 

Symptom 2 23/131 0.175 (0.113; 0.246) NE (0.156-0.204) 
based      
Not known 2 46/137 0.328 (0.248; 0.412) NE (0.083-0.360) 
Confirmed 11 90/663 0.106 (0.043; 0.189) 87.2% (0.000-0.360) 
Covid-19      
Admitted 10 54/488 0.117 (0.068; 0.177) 62.4% (0.044-0.294) 

All  45/125 0.360 (0.276; 0.451) NE (0.360-0.360) 

Selected  0/28 0.000 (0.000; 0.123) NE (0.000-0.000) 

Any risk 12 99/641 0.126 (0.060; 0.208) 84.8% (0.000-0.360) 

High risk NA NA NA NA NA 

HIC 4 34/350 0.105 (0.041; 0.193) 79.7% (0.044-0.204) 

LMIC 8 65/291 0.138 (0.045; 0.264) 82.5% (0.000-0.360) 

Raised All studies 5 60/261 0.211 (0.001; 0.588) 96.6% (0.000-0.968) 
procalcitonin Risk based 4 33/103 0.221 (0.000; 0.802) 97.4% (0.000-0.968) 

NHCC      
Universal 1 27/158 0.171 (0.116; 0.239) NE (0.171-0.171) 

Symptom NA NA NA NA NA 
based      
Not known NA NA NA NA NA 

Confirmed 
Covid-19 

5 59/253 0.206 (0.000; 0.595) 96.6% (0.000-0.968) 

Admitted 4 59/233 0.269 (0.000; 0.738) 97.3% (0.000-0.968) 

All NA NA NA NA NA 

Selected  1/28 0.036 (0.001; 0.183) NE (0.036-0.036) 

Any risk 5 60/261 0.211 (0.001; 0.588) 96.6% (0.000-0.968) 

High risk NA NA NA NA NA 

HIC  27/158 0.171 (0.116; 0.239) NE (0.171-0.171) 

LMIC 4 33/103 0.221 (0.000; 0.802) 97.4% (0.000-0.968) 

Raised C- All studies 10 298/637 0.489 (0.362; 0.617) 89.5% (0.100-0.714) 
reactive protein Risk based 4 103/205 0.538 (0.415; 0.659) 60.1% (0.440-0.704) 

NHCC      
Universal 1 15/21 0.714 80.478; 0.887) NE (0.714-0.714) 
Symptom 2 64/120 0.534 (0.444; 0.623) NE (0.407-0.636) 
based      
Not known 3 116/291 0.318 (0.060; 0.656) 96.5% (0.100-0.640) 

Confirmed 10 247/540 0.456 (0.308; 0.608) 90.9% (0.100-0.737) 
Covid-19      
Admitted 5 132/314 0.527 (0.312; 0.737) 92.3% (0.233-0.714) 
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All  80/125 0.640 (0.549; 0.724) NE (0.640-0.640) 

Selected 4 86/198 0.404 (0.237; 0.582) 79.5% (0.100-0.607) 

Any risk 9 296/617 0.529 (0.403; 0.654) 89.0% (0.233-0.714) 

High risk 1 2/20 0.100 (0.012; 0.317) NE (0.100-0.100) 

HIC 2 56/200 0.276 (0.216; 0.341) NE (0.233-0.407) 
LMIC 8 242/437 0.541 (0.423; 0.657) 81.1% (0.100-0.714) 

Radiological findings      

Ground glass All studies 14 338/569 0.685 (0.463; 0.872) 96.3% (0.093-1.000) 
appearance Risk based 10 260/367 0.736 (0.514; 0.912) 94.4% (0.152-1.000) 

NHCC 
Universal 

 
NA 

 
NA 

 
NA 

 
NA 

 
NA 

Symptom 2 28/77 0.379 (0.272; 0.492) NE (0.093-1.000) 
based 
Not known 

 
2 

 
50/125 

 
0.394 (0.309; 0.482) 

 
NE 

 
(0.212-0.800) 

Confirmed 11 215/397 0.621 (0.366; 0.846) 96% (0.026-1.000) 
Covid-19 
Admitted 

 
7 

 
144/225 

 
0.749 (0.416; 0.975) 

 
96.1% 

 
(0.093-1.000) 

All  18/85 0.212 (0.131; 0.314)  (0.212-0.212) 

Selected 5 165/215 0.774 (0.441; 0.986) 95.1% (0.152-1.000) 

Any risk 14 338/569 0.685 (0.463; 0.872) 96.3% (0.093-1.000) 

High risk NA NA NA NA NA 

HIC 2 28/77 0.379 (0.272; 0.492) NA (0.093-1.000) 

LMIC 12 310/492 0.698 (0.481; 0.879) 95.6% (0.152-1.000) 

CT-chest All studies 24 694/2120 0.644 (0.471; 0.800) 98.2% (0.024-1.000) 
abnormality Risk based 14 356/466 0.790 (0.646; 0.906) 90.8% (0.250-1.000) 

NHCC 
Universal 

 
2 

 
22/146 

 
0.090 (0.046; 0.145) 

 
NA 

 
(0.024-0.905) 

Symptom 4 213/1149 0.397 (0.116; 0.722) 99.0% (0.083-1.000) 
based 
Not known 

 
4 

 
103/359 

 
0.479 (0.119; 0.850) 

 
97.6% 

 
(0.124-0.875) 

Confirmed 20 215/397 0.620 (0.438; 0.787) 97.1% (0.024-1.000) 
Covid-19 
Admitted 

 
13 

 
378/810 

 
0.736 (0.501; 0.919) 

 
97.2% 

 
(0.185-1.000) 

All 2 54/742 0.070 (0.052; 0.090) NA (0.024-0.083) 

Selected 8 251/524 0.719 (0.375; 0.964) 98.1% (0.124-1.000) 

Any risk 23 667.2076 0.645 (0.467; 0.806) 98.3% (0.024-1.000) 

High risk NA NA NA NA NA 

HIC 6 206/1498 0.141 (0.071; 0.228) 93.6% (0.024-0.324) 

LMIC 18 488/622 0.813 (0.696; 0.909) 90.7% (0.250-1.000) 

 
N* - Number of pregnant or recently pregnant women for whom manifestations were reported; CI - Confidence Interval ; CT - 
Computerised tomography; NHCC National Health Commission China; NA- Not available; HiC - High income Countries; LMIC - Low 
and Middle income Countries 
Risk based NHCC . Universal and Symptom based, Not Known=Sampling frames for detecting COVID -19; Confirmed COVID -l 9=Analysis 
restricted to women with laborato1y corifirmation of COVJD-i 9 only; Admi tted, All, Selected= Population types of women in studies; Any 
risk, High risk = Pregnancy risk status 
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Appendix 8. Prevalence of coronavirus disease (COVID-19) and pregnancy related 
outcomes in pregnant or recently pregnant women with suspected or confirmed disease 

 
Outcomes Subgroup Studies Events/N(*) Proportion (95% CI) I-squared Range 
Covid-19 related outcomes 
All-cause All studies 60 403/44157 0.000 (0.000; 0.005) 92.5% (0.000-0.082) 
mortality Risk based 13 2/526 0.000 (0.000; 0.005) 0.0% (0.000-0.019) 

NHCC      
Universal 17 3/999 0.000 (0.000; 0.000) 0.0% (0.000-0.021) 
Symptom 12 80/5908 0.006 (0.002; 0.013) 63.8% (0.000-0.048) 
based      
Not known 18 318/36724 0.002 (0.000; 0.018) 97.6% (0.000-0.082) 
Confirmed 53 265/40052 0.0006 (0.0000; 90.6% (0.000-0.127) 
Covid-19   0.0051)   
Admitted 31 22/2712 0.000 (0.000; 0.002) 3.3% (0.000-0.067) 
All 133 377/40356 0.004 (0.000; 0.020) 98.4% (0.000-0.082) 
Selected 15 4/1045 0.000 (0.000; 0.001) 0.0% (0.000-0.021) 
High risk NA NA NA NA NA 
Any risk 59 403/44119 0.000 (0.000; 0.005) 92.6% (0.000-0.082) 
HIC 30 58/34050 0.000 (0.000; 0.000) 0.0% (0.000-0.012) 
LMIC 29 342/9719 0.005 (0.000; 0.015) 86.3% (0.000-0.082) 

Admission to All studies 50 1373/41288 0.044 (0.024; 0.069) 97.5% (0.000-0.294) 
intensive Risk based 7 9/294 0.012 (0.000; 0.038) 31.3% (0.000-0.069) 
care unit NHCC      

Universal 15 43/1051 0.032 (0.018; 0.050) 21.4% (0.000-0.110) 
Symptom 11 497/5869 0.064 (0.040; 0.092) 90.0% (0.011-0.113) 
based 
Not known 

 
17 

 
824/34074 

 
0.052 (0.01O; 0.117) 

 
98.8% 

 
(0.000-0.294) 

Confirmed 47 829/39869 0.040 (0.024; 0.059) 95.2% (0.000-0.212) 
Covid-19      
Admitted 30 168/2999 0.041 (0.027; 0.056) 62.2% (0.000-0.294) 
All 12 1180/37694 0.062 (0.015; 0.133) 99.4% (0.000-0.200) 
Selected 8 25/595 0.032 (0.014; 0.054) 21.0% (0.000-0.070) 
High risk NA NA NA NA NA 
Any risk 49 1372/41250 0.044 (0.024; 0.069) 97.6% (0.000-0.294) 
HIC 27 459/33978 0.043 (0.025; 0.066) 91.4% (0.000-0.133) 
LMIC 22 870/6922 0.040 (0.018; 0.069) 91.6% (0.000-0.294) 

Severe All studies 39 633/5621 0.104 (0.065; 0.151) 94.4% (0.000-1.000) 
COVID-19 Risk based 11 39/493 0.053 (0.016; 0.105) 73.0% (0.000-0.323) 

NHCC      
Universal 12 114/971 0.078 (0.021; 0.159) 92.0% (0.000-0.311) 
Symptom 6 232/1294 0.167 (0.124; 0.215) 65.8% (0.087-0.348) 
based 
Not known 

 
10 

 
248/2863 

 
0.168 (0.021; 0.393) 

 
97.8% 

 
(0.000-1.000) 

Confirmed 36 466/2932 0.114 (0.066; 0.172) 93.8% (0.000-1.000) 
Covid-19      
Admitted 22 164/1303 0.090 (0.045; 0.145) 87.6% (0.000-0.348) 
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All 8 317/3431 0.107 (0.046; 0.186) 93.7% (0.024-0.207) 
Selected 9 152/887 0.130 (0.007; 0.349) 97.8% (0.000-1.000) 
High risk .,,, 142 /599 0.465 (0.009; 0.971) 99.3% (0.110-1.000) 
Any risk 36 491/5022 0.081 (0.053; 0.113) 88.2% (0.000-0.348) 
HIC 20 419/2363 0.161 (0.085; 0.254) 96.2% (0.000-1.000) 
LMIC 19 214/3258 0.051 (0.030; 0.077) 56.7% (0.000-0.323) 

Invasive All studies 31 668/42026 0.027 (0.011; 0.047) 97.5% (0.000-0.133) 
ventilation Risk based 4 2/193 0.004 (0.000; 0.024) 0.0% (0.000-0.017) 

NHCC      
Universal 9 17/519 0.024 (0.008; 0.047) 32.8% (0.000-0.077) 
Symptom 7 276/5242 0.046 (0.030; 0.065) 80.1% (0.000-0.093) 
based 
Not known 

 
11 

 
373/36072 

 
0.027 (0.004; 0.065) 

 
98.6% 

 
(0.000-0.133) 

Confirmed 30 388/38240 0.029 (0.014; 0.047) 95.6% (0.000-0.133) 
Covid-19      
Admitted 17 64/1492 0.022 (0.008; 0.040) 63.0% (0.000-0.089) 
All 10 596/40040 0.041 (0.012; 0.084) 99.2% (0.000-0.133) 
Selected 4 8/494 0.015 (0.005; 0.029) 0.0% (0.012-0.023) 
High risk NA NA NA NA NA 
Any risk 31 668/42026 0.027 (0.011; 0.047) 97.5% (0.000-0.133) 
HIC 17 190/32678 0.031 (0.011; 0.059) 93.6% (0.000-0.133) 
LMIC 13 442/8960 0.016 (0.001; 0.043) 96.2% (0.000-0.098) 

Need for All studies 13 37/33521 0.002 (0.000; 0.007) 76.0% (0.000-0.014) 
ECMO Risk based 3 1/181 0.002 (0.000; 0.021) 0.0% (0.000-0.009) 

NHCC      
Universal NA NA NA NA NA 
Symptom 5 16/2044 0.007 (0.004; 0.012) 0.0% (0.000-0.010) 
based 
Not known 
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20/31296 

 
0.000 (0.000; 0.003) 

 
51.7% 

 
(0.000-0.014) 

Confirmed 13 37/33427 0.0014 (0.0000; 76.5% (0.000-0.015) 
Covid-19   0.0064)   
Admitted 7 11/1887 0.003 (0.000; 0.007) 0.0% (0.000-0.014) 
All 3 25/31420 0.004 (0.000; 0.014) 89.7% (0.001-0.010) 
Selected 3 1/214 0.002 (0.000; 0.018) 0.0% (0.000-0.009) 
High risk 3 3/735 0.001 (0.000; 0.007) 0.0% (0.000-0.014) 
Any risk 10 34/32786 0.002 (0.000; 0.008) 79.2% (0.000-0.010) 
HIC 9 34/32952 0.003 (0.000; 0.009) 81.0% (0.000-0.014) 
LMIC 3 1/181 0.002 (0.000; 0.021) 0.0% (0.000-0.009) 

Oxygen All studies 17 261/1522 0.225 (0.115; 0.356) 96.2% (0.022-1.000) 
through Risk based 4 64/108 0.619 (0.106; 0.998) 97.0% (0.065-1.000) 
cannula only NHCC      

Universal 4 29/371 0.080 (0.021; 0.168) 84.4% (0.025-0.183) 
Symptom 5 102/853 0.093 (0.044; 0.155) 73.3% (0.022-0.135) 
based 
Not known 
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66/190 

 
0.261 (0.004; 0.684) 

 
97.2% 

 
(0.053-0.812) 

Confirmed 17 248/1417 0.223 (0.116; 0.351) 95.7% (0.025-1.000) 
Covid-19      
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syndrome 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  based  

Admitted 11 89/703 0.177 (0.066; 0.322) 94.7% (0.022-1.000) 
All 1 83/617 0.135 (0.109; 0.164) NE (0.135-0.135) 
Selected 5 89/202 0.366 (0.038; 0.787) 97.3% (0.053-0.879) 
High risk 1 52/64 0.812 (0.695; 0.899) NE (0.812-0.812) 
Any risk 16 209/1458 0.190 (0.099; 0.299) 94.8% (0.022-1.000) 
HIC 12 189/1377 0.128 (0.054; 0.224) 94.4% (0.022-0.812) 
LMIC 5 72/145 0.535 (0.118; 0.925) 96.7% (0.065-1.000) 

Acute All studies 15 315/2348 0.069 (0.009; 0.165) 97.8% (0.000-0.508) 
respiratory Risk based 1 0/17 0.000 (0.000; 0.195) NE (0.000-0.000) 
distress NHCC      

Universal 3 10/269 0.047 (0.000; 0.144) 50.1% (0.029-0.133) 
Symptom 5 17/631 0.025 (0.003; 0.061) 66.7% (0.000-0.130) 
based      
Not known 6 288/1431 0.128 (0.004; 0.370) 99.0% (0.014-0.508) 
Confirmed 13 63/1807 0.033 (0.013; 0.059) 75.3% (0.000-0.222) 
Covid-19      
Admitted 11 283/1762 0.060 (0.000; 0.192) 98.2% (0.000-0.508) 
All 2 13/488 0.024 (0.01 l ; 0.040) NE (0.018-0.060) 
Selected 2 19/98 0.192 (0.118; 0.278) NE (0.147-0.219) 
High risk 3 35/767 0.080 (0.010; 0.201) 92.5% (0.025-0.219) 
Any risk 12 280/1581 0.065 (0.000; 0.196) 98.0% (0.000-0.508) 
HIC 11 62/1393 0.056 (0.027; 0.094) 77.4% (0.014-0.219) 
LMIC 3 246/567 0.095 (0.000; 0.618) 98.7% (0.000-0.508) 

Pneumonia All studies 36 1257/7198 0.353 (0.265; 0.446) 97.9% (0.000-1.000) 
Risk based 12 305/436 0.809 (0.567; 0.971) 96.5% (0.000-1.000) 
NHCC      
Universal 10 112/955 0.092 (0.026; 0.188) 93.7% (0.016-0.440) 
Symptom 8 665/4646 0.268 (0.142; 0.416) 98.2% (0.043-1.000) 
based      
Not known 6 175/1161 0.145 (0.086; 0.215) 85.0% (0.033-0.322) 
Confirmed 31 1054/7114 0.252 (0.188; 0.320) 96.4% (0.000-1.000) 
Covid-19      
Admitted 20 535/2754 0.238 (0.141; 0.351) 97.3% (0.000-1.000) 
All 6 471/3850 0.268 (0.100; 0.480) 97.8% (0.024-1.000) 
Selected 9 207/550 0.604 (0.306; 0.867) 97.6% (0.095-1.000) 
High risk 1 75/598 0.125 (0.100; 0.155) NE (0.125-0.125) 
Any risk 35 1182/6600 0.362 (0.266; 0.463) 97.9% (0.000-1.000) 
HIC 19 501/3081 0.132 (0.083; 0.188) 93.6% (0.016-0.440) 
LMIC 17 756/4117 0.655 (0.400; 0.872) 98.8% (0.000-1.000) 

Acute All studies 13 15/2046 0.002 (0.000; 0.008) 28.3% (0.000-0.130) 
cardiac, renal Risk based 2 0/48 0.000 (0.000; 0.074) NE NA 
or hepatic NHCC 
lllJUry 

     

Universal 1 2/241 0.008 (0.001; 0.030) NE (0.008-0.008) 
Symptom 4 5/540 0.010 (0.000; 0.049) 72.1% (0.000-0.130) 
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Not known 6 8/1217 0.002 (0.000; 0.009) 12.8% (0.003-0.059) 
Confirmed 12 14/2027 0.002 (0.000; 0.007) 21.2% (0.000-0.130) 
Covid-19      
Admitted 9 10/1161 0.004 (0.000; 0.016) 44.1% (0.000-0.130) 
All 3 4/821 0.004 (0.000; 0.011) 0.0% (0.003-0.008) 
Selected 1 1/64 0.016 (0.000; 0.084) NE (0.016-0.016) 
High risk 3 4/767 0.004 (0.000; 0.013) 18.6% (0.003-0.016) 
Any risk 10 11/1279 0.003 (0.000; 0.011) 34.6% (0.000-0.130) 
HIC 6 9/1091 0.006 (0.000; 0.021) 57.0% (0.000-0.130) 
LMIC 6 5/567 0.002 (0.000; 0.010) 0.0% (0.000-0.059) 

Pregnancy related maternal outcomes 
Preterm birth All studies 70 1406/9396 0.165 (0.143; 0.189) 79.6% (0.000-0.571) 
<37 weeks Risk based 14 80/424 0.174 (0.128; 0.225) 32.0% (0.037-0.357) 

 NHCC      
 Universal 26 247/1671 0.125 (0.095; 0.158) 63.3% (0.000-0.375) 
 Symptom 12 345/1354 0.230 (0.182; 0.281) 73.3% (0.000-0.400) 
 based      
 Not known 18 734/5947 0.168 (0.131; 0.207) 78.2% (0.058; 0.571) 
 Confirmed 

Covid-19 
59 1357/9064 0.168 (0.144; 0.194) 82.5% (0.000-0.606) 

 Admitted 48 644/3645 0.161 (0.134; 0.189) 73.6% (0.000-0.571) 
 All 5 136/558 0.223 (0.123; 0.340) 83.7% (0.082-0.467) 
 Selected 17 626/5193 0.158 (0.118; 0.202) 70.5% (0.038-0.545) 
 High risk 2 65/474 0.126 (0.096; 0.159) NE (0.123-0.450) 
 Any risk 67 1333/8884 0.163 (0.140; 0.188) 79.8% (0.000-0.571) 
 HIC 40 1113/8043 0.145 (0.121; 0.171) 79.4% (0.000-0.545) 
 LMIC 29 223/1096 0.200 (0.153; 0.250) 71.0% (0.031-0.571) 

PPROM <37 All studies 18 58/993 0.050 (0.032; 0.072) 29.7% (0.000-0.211) 
weeks       

 Risk based 4 15/183 0.079 (0.035; 0.137) 24.2% (0.037-0.172) 
 NHCC      
 Universal 7 25/529 0.037 (0.016; 0.062) 21.5% (0.000-0.100) 
 Symptom 3 7/72 0.105 (0.003; 0.285) 67.4% (0.024-0.211) 
 based      
 Not known 4 11/209 0.041 (0.014; 0.078) 0.0% (0.031-0.133) 
 Confirmed 17 49/895 0.043 (0.026; 0.064) 20.6% (0.000-0.211) 
 Covid-19      
 Admitted 12 39/778 0.040 (0.023; 0.061) 20.0% (0.000-0.211) 
 All 2 7/44 0.157 (0.058; 0.286) NE (0.133-0.172) 
 Selected 4 12/171 0.060 (0.025; 0.105) 0.0% (0.031-0.167) 
 High risk 1 1/32 0.031 (0.001; 0.162) NE (0.031-0.031) 
 Any risk 17 57/961 0.052 (0.032; 0.076) 33.4% (0.000-0.211) 
 HIC 13 42/794 0.043 (0.023; 0.068) 32.4% (0.000-0.211) 
 LMIC 5 16/199 0.072 (0.037; 0.116) 0.0% (0.037-0.172) 

Spontaneous All studies 17 104/1629 0.061 (0.038; 0.088) 67.2% (0.000-0.321) 
preterm birth Risk based 3 8/153 0.049 (0.017; 0.092) 0.0% (0.036-0.061) 

NHCC      
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 Universal 5 38/429 0.099 (0.042; 0.174) 69.5% (0.056-0.312) 
 Symptom 5 50/866 0.058 (0.031; 0.093) 67.7% (0.018-0.220) 
 based 

Not known 
 

4 
 

8/181 
 

0.045 (0.000; 0.161) 
 

80.4% 
 

(0.000-0.132) 
 Confirmed 16 100/1566 0.062 (0.038; 0.090) 69.1% (0.000-0.312) 
 Covid-19      
 Admitted 10 75/1052 0.076 (0.044; 0.115) 68.9% (0.018-0.312) 
 All 2 14/354 0.032 (0.015; 0.053) NE (0.000-0.054) 
 Selected 5 15/223 0.063 (0.032; 0.101) 0.0% (0.036-0.132) 
 High risk 1 2/32 0.062 (0.008; 0.208) NE (0.062-0.062) 
 Any risk 15 97/1559 0.058 (0.034; 0.086) 69.5% (0.000-0.312) 
 HIC 9 71/1054 0.068 (0.041; 0.100) 62.2% (0.018-0.220) 
 LMIC 7 19/318 0.061 (0.010; 0.142) 77.1% (0.000-0.312) 

Caesarean All studies 75 3760/9725 0.535 (0.486; 0.583) 93.4% (0.000-1.000) 
section Risk based 13 344/426 0.824 (0.753; 0.885) 64.5% (0.650-1.000) 

 NHCC      
 Universal 28 694/1900 0.399 (0.336; 0.463) 84.6% (0.000-1.000) 
 Symptom 13 765/1367 0.562 (0.479; 0.644) 87.0% (0.333-0.941) 
 based 

Not known 
 

21 
 

1957/6032 
 

0.475 (0.411; 0.540) 
 

88.7% 
 

(0.260-0.850) 
 Confirmed 66 3485/9402 0.492 (0.446; 0.537) 91.6% (0.000-1.000) 
 Covid-19      
 Admitted 48 1568/3719 0.489 (0.429; 0.550) 91.2% (0.000-1.000) 
 All 8 321/602 0.580 (0.468; 0.688) 76.4% (0.375-0.931) 
 Selected 19 1871/5404 0.637 (0.517; 0.749) 96.0% (0.270-1.000) 
 High risk 3 192/506 0.641 (0.268; 0.939) 95.2% (0.333-0.850) 
 Any risk 71 3545/9181 0.530 (0.479; 0.580) 93.5% (0.000-1.000) 
 HIC 42 2776/8212 0.380 (0.339; 0.421) 87.4% (0.000-1.000) 
 LMIC 32 848/1256 0.735 (0.664; 0.801) 84.8% (0.382-1.000) 

Vaginal 
delivery 

All studies 74 5410/9708 0.461 (0.417; 0.505) 91.8% (0.000-1.000) 

 Risk based 12 70/409 0.163 (0.119; 0.211) 29.1% (0.000-0.279) 
 NHCC      
 Universal 28 1199/1900 0.593 (0.524; 0.660) 86.3% (0.000-1.000) 
 Symptom 13 590/1367 0.429 (0.350; 0.510) 86.2% (0.059-0.667) 
 based      
 Not known 21 3551/6032 0.518 (0.460; 0.577) 85.5% (0.150-0.740) 
 Confirmed 

Covid-19 
65 5361/9385 0.507 (0.466; 0.548) 89.4% (0.000-1.000) 

 Admitted 48 2130/3719 0.497 (0.435; 0.560) 91.8% (0.000-1.000) 
 All 8 272/602 0.409 (0.302; 0.521) 76.4% (0.069-0.625) 
 Selected 17 3008/5387 0.374 (0.285; 0.469) 93.3% (0.118-0.730) 
 High risk 3 313/506 0.358 (0.061; 0.730) 95.2% (0.150-0.665) 
 Any risk 70 5082/9164 0.465 (0.420; 0.511) 91.7% (0.000-1.000) 
 HIC 42 4913/8212 0.615 (0.577; 0.653) 85.3% (0.000-1.000) 
 LMIC 31 382/1239 0.252 (0.189; 0.321) 83.5% (0.000-0.616) 
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Postpartum 
haemorrhage 

All studies 15 91/908 0.078 (0.029; 0.143) 86.7% (0.000-0.303) 

 Risk based 1 0/29 0.000 (0.000; 0.119) NE (0.000-0.000) 
 NHCC      
 Universal 8 75/616 0.105 (0.030; 0.211) 90.1% (0.031-0.303) 
 Symptom 3 9/74 0.047 (0.006; 0.114) 0.0% (0.036-0.105) 
 based 

Not known 
 

3 
 

7/189 
 

0.058 (0.000; 0.197) 
 

76.0% 
 

(0.014-0.182) 
 Confirmed 12 84/836 0.090 (0.032; 0.167) 89.0% (0.014-0.303) 
 Covid-19      
 Admitted 12 86/836 0.083 (0.028; 0.160) 89.1% (0.014-0.303) 
 All 1 0.29 0.000 (0.000; 0.119) NE (0.000-0.000) 
 Selected 2 5/43 0.108 (0.024; 0.228) NE (0.094-0.182) 
 High risk 1 3/32 0.094 (0.020; 0.250) NE (0.094-0.094) 
 Any risk 14 88/876 0.077 (0.026; 0.146) 87.7% (0.000-0.303) 
 HIC 12 89/831 0.096 (0.035; 0.177) 89.2% (0.014-0.303) 
 LMIC 3 2/77 0.017 (0.000; 0.068) 0.0% (0.000-0.062) 
Perinatal outcomes 
Stillbirth All studies 47 72/9020 0.002 (0.000; 0.005) 31.2% (0.000-0.235) 

Risk based 11 0/394 0.000 (0.000; 0.009) NE NA 
NHCC      
Universal 17 13/1241 0.001 (0.000; 0.006) 0.0% (0.000-0.125) 
Symptom 9 25/2240 0.007 (0.003; 0.013) 14.8% (0.000-0.058) 
based      
Not known 10 34/5145 0.012 (0.000; 0.033) 75.5% (0.000-0.235) 
Confirmed 43 67/8878 0.0012 (0.0000; 19.2% (0.000-0.125) 
Covid-19   0.0036)   
Admitted 29 27/2621 0.002 (0.000; 0.005) 0.0% (0.000-0.235) 
All 5 18/1191 0.008 (0.003; 0.016) 0.0% (0.000-0.235) 
Selected 13 27/5208 0.000 (0.000; 0.004) 38.0% (0.000-0.125) 
High risk 2 2/84 0.005 (0.000; 0.042) NE (0.000-0.100) 
Any risk 44 69/8898 0.001 (0.000; 0.004) 27.5% (0.000-0.235) 
HIC 26 48/7719 0.000 (0.000; 0.001) 2.6% (0.000-0.125) 
LMIC 20 18/913 0.007 (0.000; 0.019) 29.9% (0.000-0.235) 

Neonatal All studies 51 41/8263 0.000 (0.000; 0.002) 33.0% (0.000-0.125) 
death Risk based 12 1/371 0.000 (0.000; 0.007) 0.0% (0.000-0.010) 

NHCC      
Universal 15 4/1200 0.000 (0.000; 0.000) 0.0% (0.000-0.027) 
Symptom 10 15/1288 0.004 (0.000; 0.010) 0.0% (0.000-0.080) 
based      
Not known 14 21/5404 0.002 (0.000; 0.0131) 66.0% (0.000-0.125) 
Confirmed 47 38/7973 0.0002 (0.0000; 33.5% (0.000-0.125) 
Covid-19   0.0025)   
Admitted 30 14/2448 0.000 (0.000; 0.001) 6.5% (0.000-0.118) 
All 6 10/581 0.001 (0.000; 0.014) 26.2% (0.000-0.125) 
Selected 15 17/5234 0.001 (0.000; 0.008) 36.3% (0.000-0.048) 
High risk NA NA NA NA NA 
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 Any risk 50 40/8225 0.000 (0.000; 0.002) 32.1% (0.000-0.125) 
 HIC 27 22/6970 0.000 (0.000; 0.000) 23.3% (0.000-0.125) 
 LMIC 23 14/1036 0.003 (0.000; 0.010) 0.0% (0.000-0.118) 

Admission to All studies 41 934/3323 0.328 (0.237; 0.426) 96.8% (0.000-1.000) 
neonatal unit Risk based 7 76/240 0.202 (0.031; 0.453) 93.3% (0.000-0.700) 

 NHCC      
 Universal 17 301/1033 0.368 (0.192; 0.563) 97.2% (0.000-0.700) 
 Symptom 6 302/1089 0.379 (0.205; 0.571) 97.5% (0.188-1.000) 
 based 

Not known 
 

11 
 

255/961 
 

0.321 (0.144; 0.528) 
 

97.4% 
 

(0.113-0.980) 
 Confirmed 37 799/31665 0.264 (0.186; 0.349) 96% (0.000-1.000) 
 Covid-19      
 Admitted 25 540/2063 0.311 (0.195; 0.439) 97.0% (0.000-1.000) 
 All 6 235/608 0.595 (0.252; 0.895) 98.3% (0.188-1.000) 
 Selected 10 159/652 0.225 (0.120; 0.349) 90.6% (0.000-0.700) 
 High risk 2 37/126 0.278 (0.202; 0.361) NE (0.172-0.636) 
 Any risk 38 892/3159 0.331 (0.235; 0.434) 96.9% (0.000-1.000) 
 HIC 25 557/2372 0.287 (0.200; 0.382) 95.4% (0.000-1.000) 
 LMIC 15 308/694 0.399 (0.172; 0.651) 97.6% (0.000-1.000) 

Neonatal All studies 6 9/499 0.014 (0.002; 0.034) 22.6% (0.008-0.056) 
sepsis       

 Risk based 1 1/33 0.030 (0.001; 0.158) NE (0.030-0.030) 
 NHCC      
 Universal 1 1/18 0.056 (0.001; 0.273) NE (0.056-0.056) 
 Symptom 3 6/362 0.018 (0.000; 0.054) 53.0% (0.008-0.043) 
 based      
 Not known 1 1/86 0.012 (0.000; 0.063) NE (0.012-0.012) 
 Confirmed 

Covid-19 
6 9/499 0.014 (0.002; 0.034) 22.6% (0.008-0.056) 

 Admitted 2 4/87 0.041 (0.005; 0.099) NE (0.043-0.056) 
 All 2 3/293 0.006 (0.000; 0.021) NE (0.008-0.028) 
 Selected 2 2/119 0.014 (0.000; 0.048) NE (0.012-0.030) 
 High risk NA NA NA NA NA 
 Any risk 6 9/499 0.014 (0.002; 0.034) 22.6% (0.008-0.056) 
 HIC 2 2/54 0.034 (0.000; 0.109) NE (0,028-0.056) 
 LMIC 3 5/188 0.023 (0.004; 0.053) 0.0% (0.012-0.043) 

Abnormal All studies 31 42/1479 0.007 (0.001; 0.019) 34.8% (0.000-0.263) 
APGAR <5       

 Risk based 7 2/225 0.002 (0.000; 0.019) 0.0% (0.000-0.111) 
 NHCC      
 Universal 12 12/636 0.000 (0.000; 0.019) 0.0% (0.000-0.059) 
 Symptom 5 5/149 0.016 (0.000; 0.074) 53.9% (0.000-0.111) 
 based      
 Not known 7 23/469 0.033 (0.001; 0.094) 78.9% (0.000-0.263) 
 Confirmed 26 40/1297 0.008 (0.001; 0.022) 36.8% (0.000-0.263) 
 Covid-19      
 Admitted 21 24/975 0.005 (0.000; 0.014) 0.0% (0.000-0.071) 
 All 2 4/47 0.068 (0.006; 0.169) NE (0.000-0.111) 
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 Selected 
High risk 

8 
NA 

14/457 
NA 

0.014 (0.000; 0.055) 
NA 

73.8% 
NA 

(0.000-0.263) 
NA 

 Any ris k 30 32/1441 0.004 (0.000; 0.011) 0.0% (0.000-0.111) 
 HIC 18 29/1072 0.005 (0.000; 0.014) 0.0% (0.000-0.111) 
 LMIC 13 13/407 0.011 (0.000; 0.042) 60.7% (0.000-0.263) 

Fetal distress All studies 17 65/553 0.111 (0.074; 0.152) 40.2% (0.043-0.500) 
 Risk based 

NHCC 
Unive rsal 

7 
 

1 

31/284 
 

1/17 

0.104 (0.069; 0.145) 
 

0.059 (0.001; 0.287) 

0.0% 
 

NE 

(0.043-0.182) 
 

(0.059-0.059) 
 Sympto m 

based 
Not know n 

3 
 

6 

6/84 
 

27/168 

0.069 (0.019; 0.340) 
 

0.185 (0.065; 0.340) 

74.1% 
 

74.1% 

(0.053-0.500) 
 

(0.053-0.500) 
 Confirmed 

Covid-19 
Admitted 

13 
 

11 

44/373 
 

31/247 

0.108 (0.065; 0.159) 
 

0.113 (0.065; 0.171) 

40.2% 
 

29.9% 

(0.043-0.500) 
 

(0.043-0.500) 
 All 1 3/30 0.100 (0.021; 0.265) NE (0.100-0.100) 
 Sele cted 5 31/276 0.116 (0.054; 0.196) 66.7% (0.053-0.289) 
 High risk NA NA NA NA NA 
 Any ris k 16 54/515 0.096 (0.066; 0.131) 19.9% (0.043-0.500) 
 HIC 4 10/159 0.059 (0.024; 0.105) 0.0% (0.043-0.100) 
 LMIC 13 55/394 0.133 (0.087; 0.186) 39.5% (0.043-0.500) 

 

N - Number of pregnant or recently pregnant women/or COVJD-related outcomes andfor preterm birth outcomes; number of women 
delivered for caesarean section; number of babies born for perinatal outcomes; Cf - Confidence In terval;; ECMO - Extra corporeal 
membrane oxygenation; NHCC National Health Commission China; NA -Not available; NE - Not estimatable; HIC - High Inco me 
Countries; LMJC -  Low and Middle Income Countries 
Risk based NHCC, Universal and Symptom based, Not Known=Sampling frames for detecting COVID -19; Confirmed COVID -l 9=Analys is 
restricted to women with laborato1y co nfirmation of COVID-19 only; Adm itted, All, Selected = Population types of women in studies; Any 
risk, High risk = Pregnancy risk status 
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Preterm birth <37 weeks 
 

Comparison COVID pregnant vs Non-COVID pregnant 
Outcome: pretermbirth37w 

 
First Author 
and inltial, Yr 

  
OR(95%CI) 

Events, 
Treatment 

Events, 
Control 

Liao J 2020 
 

1.07 (0.11, 10.24) 1110 5153 
Li N 2020  3.77 (1.33, 10.72) 6/34 13/242 
Campbell K 2020  0.18 (0.01. 2.95) 0130 621740 
Prabhu M  1.79 (0.89, 3.61) 11/70 57/605 
Peng S 2020  0.63 (0.21, 1.90) 12143 8121 
Smithgall MC 2020  1.26 (0.36, 4.57) 10151 4125 
Maru S 2020  0.53 (0.14, 2.09) 3146 9178 
Farghaly MAA 2020  3.13 (0.47, 20.64) 2115 3164 
Martinez-Perez O (1) 2020  2.24 (1.41, 3.55) 341246 511763 
Egerup P 2020  1.39 (0.32, 5.97) 2129 65/1284 
Mattern J 2020  1.95 (0.61, 6.28) 4120 26/229 
Pineles BL 2020  0.59 (0.23, 1.51) 5177 90 /858 
Ruggiero M 2020  0.93 (0.21, 4.16) 2128 221287 
Flaherman VJ 2020  1.11 (0.46, 2.53) 21/179 9164 
Ahlberg M 2020  1.2 3 (0.66, 2. 31) 14/155 45/604 
Brandt JS 2020  1.45 (0.52, 4.02) 7/61 10/122 
Diaz-Co rvillon P 2020  2.33 (0.77, 7.05) 4137 271546 
Wang M 2020  2.15 (1.01, 4.60) 9153 661760 

Overall (I- squared = 18.6%, p = 0 . 232)  1.47 (1.14, 1.91) 14711184 57217365 
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Outcome : cs 
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UKO SS 2020 
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Campbell K 2020  0.85 (0.39, 1.83) 10/30 275/740 
Prabhu M  1.88 (1.14, 3. 11) 32/70 187/605 
Nayak AH 2020  1.11 (0 .77, 1 .58) 67/ 1 41 37 61836 
Peng S 2020  2.35 (0.79, 6.95) 31143 11/21 
Smithgall MC 2020  0.64 (0.24, 1.69) 25151 15/25 
Zhang P 2020  o.ss (0.3 1, o.96) 20174 117/290 
Gulersen M (1) 2020  o.40 10.11 , o.95 ) 12150 22150 
LIM (1) 2020  1 .76 (0.57, 5.39) 8/13 1629/3419 
Maru S 2020  0.84 (0 .38, 1 .86 ) 1 3146 25178 
Farghal y MAA 2020  2.74 (0.84, 8.94) 10/15 27/64 
Liu W (1 ) 2020  2.23 (0.40 , 12.57 ) 29/32 13/16 
Mart fn ez- P e rez O (1) 2020  1.25 (0.88, 1.77) 551246 143176 3 
Egerup P 2020  1. 09 (0 .44, 2.70) 6129 248/1 284 
Pfnele s BL 2020  1.01 (0.60, 1.70) 21ITT 23 31858 
Ruggiero M 20 20  0.92 (0 .41 , 2.07) 10/28 108/287 
Flahenn an VJ 2020  1.01 (0 .60 , 1 . 72) 731179 34/84 
Ahlberg M 2020  0.85 (0.56, 1. 28) 3611 55 159/604 
Brandt JS 2020  0.61 (0.30, 1.24) 14/61 40/ 122 
Wang M 2020  1. 50 (0 .85, 2.64) 23153 2571760 
Overall (I-squared = 57.6 %, p = 0.001 )  1.12 (0.9 1, 1.38) 669/1854 4221/11842 
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Collaborating to produce 
the 'PregCov-19' living 
systematic review 

Pregnant women and their children are an at risk population group for COVID- 
19. Cochrane Gynaecology and Fertility collaborates with the World Health 
Organisation (WHO) Collaborating Centre for Global Women's Health at the 
University of Birmingham to conduct and continuously update a living 
systematic review on how COVID-19 affects pregnant women and their children. 

 

What we did 
Aim 
COVID-19 is especially dangerous for at risk populations, such as pregnant women. It is critical to 
determine how COVID-19 affects pregnant women and their babies. A regular systematic review 
methodology is not sufficient to synthesise the overwhelming amount of evidence produced daily 
worldwide. We needed to carry out a living systematic review, meaning the review would be 
continually updated, incorporating new studies as they become available. 

 
Activities 

• The 'PregCov-19' living systematic review project commenced at the beginning of April 2020, 
just as Europe went into full lockdown. Our latest results from the living systematic review 
were published in September 2020. 

• While maintaining the living systematic review, we also sought new members to add to the 
team and trained them. Training new members involves shadowing other team members for 1 
2 weeks before independently carrying out tasks related to the living systematic review. 

• We created a webpage on the University of Birmingham website (>14,000 views to date) to 
highlight the project and make it easily accessible to pregnant women, researchers, and 
clinicians worldwide. We are currently updating the results on the website every 2 months. 

• •  • Collaboration 
•--  The PregCov-19 living systematic review working group is led by the University of Birmingham and 

includes the World Health Organization (WHO), Cochrane Gynaecology and Fertility (Netherlands), 
Cochrane Madrid, CIBER Epidemiology and Public Health, the US Centre for Disease Control, the 
European Centre for Disease Control, Elizabeth Glaser Pediatric AIDS Foundation, and the EPPI-Centre. 



 

 
 
 
 

What we achieved 
• Up to now, we have included 77 studies (13,118 

pregnant women with COVID-19; 83,486 non-pregnant 
women with COVID-19) in the living systematic review. 

• The first publication of the living systematic review 
(Clinical manifestations, risk factors, and maternal and 
perinatal outcomes of coronavirus disease 2019 in 
pregnancy: living systematic review and meta-analysis) 
was fast tracked by the British Medical Journal. The 
review took only 5 months from initiation to 
publicat ion . It currently has an Altmetric score of 943. 

• One of our significant findings from the published living 
systematic review is that pregnant  and recently 
pregnant women may be at increased risk of admission 
to an intensive care unit. This finding was picked up by 
various news outlets worldwide such as CNN, the 
Guardian, and Bloomberg. 

 
 

See more here: 
https://www. birmingha m.ac.u k/resea rch/who-colla borati ng-centre/ pregcov/index.aspx 
https://doi.org/10.1136/bmj.m3320 
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD202002/full 

 

What we learnt 
 

Creating a solid framework for a large-scale living systematic review that can answer multiple 
research questions was crucial. A key lesson is it that we can use the framework and infrastructure 
for the current living systematic review to respond to other public health issues and future 
pandemics. 

We learnt that the way we organised our team, i.e. allocating specific tasks to individual team 
members every week, enabled us to collectively work on the living systematic review without 

2 delays. We organised all documents according to the different stages of the review, and for each 
review question, in one place . The way we organised ourselves is useful for future projects that we 
work on. 

 

Learn more 
For more information contact: 

 
Javier Zamora U. zamora.l @bham.ac.uk) 
WHO Collaborating Centre for Women's Health , University 
of Birmingham. 
CIBER Epidemiology and Public Health , Madrid, Spain 
Madrid Cochrane Associate Center 

November 2020 

1 

http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD202002/full
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11.4 Cochrane review preliminary result 

1. PRISMA Flowchart 
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2. Preliminary list of included studies and tables of characteristics 
 
 
 
 

Author Year Title 

Agarwal et al 2015 Gender Disparities in Outcomes and Resource Utilization for 

Acute Pulmonary Embolism Hospitalizations in the United 

States 

Barrios et al 2017 Sex differences in the characteristics and short-term 

prognosis of patients presenting with acute symptomatic 

pulmonary embolism 

Borrero et al 2007 Gender differences in 30-day mortality for patients 

hospitalized with acute pulmonary 

Feng et al 2020 Sex Differences in Pulmonary Embolism: Clinical 

Characteristics, in-Hospital Mortality, and 30-Day 

Readmissions 

Rosovsky et al 2019 Sex differences in risk factors, clinical presentation, 

treatment and outcomes of patients presenting with acute 

pulmonary embolism 
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Table 1. Table of study characteristics: qualitative 

 

Study Study design Type of 
setting 

countries Pulmonary 
embolism 
definition 

Pulmonary 
embolism 
diagnostic 
criteria 

Sex 
definition 

Sex 
measurement 

sex and 
gender 
terms 
adequate 
use 

Terms 
used 

Consistent 
use 

Primary 
outcome 

Agarwal 2015 retrospective 
cohort 

hospital USA none ICD-9-CM 
codes of 
415.11, 
415.12, 
415.13, and 
415.19 

none none inadequate sex, 
gender, 
female, 
male, 
women, 
men 

no All-cause 
hospital 
mortality 
at 30 
days 

Barrios 2017 retrospective 
cohort 

hospital Spain none objective 
testing of an 
intraluminal 
filling defect 
in larger 
vessels on 
computerized 
tomography 
pulmonary 
angiography 
(CTPA) 

none none inadequate sex, 
gender, 
male 
female, 
women, 
men 

no All-cause 
hospital 
mortality 
at 30 
days 

Borrero 2007 retrospective 
cohort 

hospital USA none ICD-9-CM 
codes 415.1, 
415.11, 
415.19, and 
673.20–.24 

none none inadequate sex, 
gender, 
male 
female, 
women, 
men 

no All-cause 
hospital 
mortality 
at 30 
days 
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Feng 2020 retrospective 

cohort 
hospital USA none primary ICD- 

10 diagnosis 
of PE 

none none adequate sex, 
female, 
male 

yes All-cause 
hospital 
mortality 
at 30 
days 

Rosovsky 
2019 

retrospective 
cohort 

hospital International 
registry 

none Not reported none none inadequate sex, 
women, 
men 

no All-cause 
hospital 
mortality 
at 30 
days 

 
 

Table 2: Table of study characteristics: Quantitative 
 

Study Sample size Study 
design 
cohort 
vs. CC 

Outcome 
measure 

Study 
report 
ed 
effect; 
varian 
ce 

Unadj. 
reported 
effect 

Unadj_Re 
ported 
direction 
of 
associatio 
n 

Adj.reported 
effect 

Adj._Re 
ported 
directio 
n of 
associat 
ion 

Adj. 
method 

Covariates 

Agarwal 2015 260,446 (F 146,174 
M 120,272) 

cohort All-cause 
hospital 
mortality 
at 30 days 

OR;95 
% CI 

not 
reported 

not 
reported 

1.09 (1.03- 
1.15) 

higher 
for F 

logistic 
regression 

Age, race, SES, 
Elixhauser co- 
morbidities, smoking, 
primary payer, and 
hospital characteristics 

Barrios 2017 2096 (F 1092, M 
1004) 

cohort All-cause 
hospital 
mortality 
at 30 days 

OR;95 
% CI 

0.86 
(0.61±1.2 
1) 

Ø 1 (0.63-1.57) Ø logistic 
regression 

Age, COPD, congestive 
heart failure, major 
bleeding, DVT, 
Dyspnoea, Chest pain, 
syncope, cancer, 
immobilization 
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Barrios 2017 2096 (F1092, M 

1004) 
cohort PE- 

related 
hospital 
mortality 

OR;95 
% CI 

0.73 
(0.43±1.2 
2) 

Ø 1.02 (0.5- 
2.07) 

Ø logistic 
regression 

Age, COPD, congestive 
heart failure, major 
bleeding, DVT, 
Dyspnoea, Chest pain, 
syncope, cancer, 
immobilization 

Borrero 2007 15531 (F 9304, M 
6227) 

cohort All-cause 
hospital 
mortality 
at 30 days 

OR;95 
% CI 

0.90 
(0.80, 
1.00) 

Ø 0.8 (0.71- 
0.91) 

lower 
for F 

random 
effects 
logistic 
regression 

PESI, race, insurance 
status, and hospital 
volume 

Feng 2020 186931 (F na, M 
na) 

cohort All-cause 
hospital 
mortality 
at 30 days 

OR;95 
% CI 

not 
reported 

not 
reported 

1.21 (1.08- 
1.35) 

higher 
for F 

logistic 
regression 

Age 

Rosovsky 
2019 

41477 (F 22057, M 
19420) 

cohort All-cause 
hospital 
mortality 
at 30 days 

OR;95 
% CI 

not 
reported 

not 
reported 

0.81 (0.67- 
0.97 

lower 
for F 

logistic 
regression 

baseline characteristics 
and clinical presentation 

Rosovsky 
2019 

41478 (F 22057, M 
19420) 

cohort All-cause 
hospital 
mortality 
at 90 days 

OR;95 
% CI 

not 
reported 

not 
reported 

0.83 (0.74- 
0.94) 

lower 
for F 

logistic 
regression 

baseline characteristics 
and clinical presentation 
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3. Preliminary analysis: Forest plot 
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4. Kappa results for screening pilot 
 

Agreements with Elena 
 
 
Elia 

 

| Elia 
Elena | E I | Total 

+ + 
E | 96 3 | 99 
I | 1 0 | 1 
+ + 

Total | 97 3 | 100 

Expected 
Agreement Agreement Kappa Std. Err. Z Prob>Z 

96.00% 96.06% -0.0152 0.0862 -0.18 0.5701 

Eduardo 

| Eduardo 
Elena | E I | Total 

+ + 
E | 91 6 | 97 
I | 2 1 | 3 
+ + 

Total | 93 7 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

92.00% 90.42% 0.1649 0.0909 1.82 0.0348 

Marcos 

| Marcos 
Elena | E I | Total 

+ + 
E | 97 1 | 98 
I | 1 1 | 2 
+ + 

Total | 98 2 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

98.00% 96.08% 0.4898 0.1000 4.90 0.0000 

RaquelPR 

| Raquel PR 
Elena | E I | Total 

+ + 
E | 98 2 | 100 
I | 0 0 | 0 
+ + 

Total | 98 2 | 100 
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Expected 
Agreement Agreement Kappa Std. Err. Z Prob>Z 

98.00% 98.00% 0.0000 0.0000 . . 

Alba 

| Alba 
Elena | E I | Total 

+ + 
E | 98 1 | 99 
I | 1 0 | 1 
+ + 

Total | 99 1 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

98.00% 98.02% -0.0101 0.1000 -0.10 0.5402 

AndreaG 

| Andrea G 
Elena | E I | Total 

+ + 
E | 92 6 | 98 
I | 0 2 | 2 
+ + 

Total | 92 8 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 
 

94.00% 90.32% 0.3802 0.0785 4.84 0.0000 
 
 

Agreements with Andrea CP 
 
Jesus 

 

| Jesus 
Andrea CP | E | Total 

+ + 
E | 100 | 100 
+ + 

Total | 100 | 100 

Expected 
Agreement Agreement Kappa Std. Err. Z Prob>Z 

100.00% 100.00% 0.0000 . . . 

Ray 

| Ray 
Andrea CP | E I | Total 

+ + 
E | 94 6 | 100 
I | 0 0 | 0 
+ + 

Total | 94 6 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 
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94.00% 94.00% 0.0000 . . . 

RaquelMG 

| Raquel MG 
Andrea CP | E I | Total 

+ + 
E | 92 7 | 99 
I | 0 1 | 1 
+ + 

Total | 92 8 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

93.00% 91.16% 0.2081 0.0611 3.41 0.0003 

Aurora 

| Aurora 
Andrea CP | E I | Total 

+ + 
E | 89 11 | 100 
I | 0 0 | 0 
+ + 

Total | 89 11 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

89.00% 89.00% 0.0000 0.0000 0.00 0.5000 

Miriam 

| Miriam 
Andrea CP | E I | Total 

+ + 
E | 95 5 | 100 
I | 0 0 | 0 
+ + 

Total | 95 5 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

95.00% 95.00% 0.0000 . . . 

Laura 

| Laura 
Andrea CP | E I | Total 

+ + 
E | 83 17 | 100 
I | 0 0 | 0 
+ + 

Total | 83 17 | 100 
Expected 

Agreement Agreement Kappa Std. Err. Z Prob>Z 

83.00% 83.00% 0.0000 0.0000 0.00 0.5000 

. 
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11.5 Filter protocol 
Protocol for prognostic factor filter 

Background 
 

Prognosis research is the investigation of the relationship between future outcomes 

(endpoints) among individuals with a given baseline health state (start point) (Riley et al. 

2019). This research is becoming significantly more important as throughout the world, 

people are living longer, but with more chronic health conditions and diseases. Prognosis 

research can be classified into four different themes or areas of research: fundamental 

prognostics, prognostic models, stratified medicine, and prognostic factors (Riley et al. 

2019). Fundamental prognosis research signifies the course of health-related conditions in 

the context of the type and quality of current care (Hemingway et al. 2013). Prognostic 

model research refers to the development, validation, and impact of statistical models 

which predict an individual’s risk of a future outcome (Steyerberg et al. 2013). Stratified 

medicine uses prognostic information to aid in adapting treatment decisions to an individual 

or a group of individuals with similar characteristics (Hingorani et al. 2013). Prognostic factor 

research studies specific factors that are associated with prognosis (Hemingway et al. 2013, 

Riley et al. 2013). 

A prognostic factor is a variable associated with the risk of a subsequent health outcome 

among people with a specific health condition. Prognostic factor research is a relatively new 

field of research. For example, if you search “prognostic factor” and “systematic review” in 

title in PubMed only 70 items are retrieved. In comparison if you search for systematic 

reviews of interventions in PubMed the search will retrieve 998 records (as of September 

2019). Systematic reviews are valuable resources as they summarize all relevant studies on 

specific clinical questions. However finding all information to include in systematic reviews 

can be challenging with an overwhelming amount of info and studies available (82). 

Retrieving information from bibliographic databases such as PubMed or Embase can be very 

time consuming and the screening process in systematic reviews can be quite exhaustive 

when more than 30,000 references are retrieved (Riley et al. 2019). This is especially true 
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when many articles are retrieved which are irrelevant to the research question. To combat 

this, methodological search filters have been developed to find articles related to various 

types of clinical questions (Geersing et al. 2012, Beynon et al. 2013). A search filter is a 

predefined combination of search terms designed to retrieve information on a particular 

topic. The job of a search filter is to retrieve information related to a specific concept. This 

concept could be a topic, a study design or a methodology (Harbour et al. 2014). 

Search filters attempt to increase the precision of searches and to reduce the resources that 

are required to screen the results. At the moment, there are various filters publicly available 

on medical research databases such as PubMed in the form of “clinical queries”. 

Methodological search filters can often be referred to as hedges, optimal search strategies, 

optimal search filters, search filters or clinical queries (Jenkins 2004). The word 

methodological search filter was originally created by Wilczynski et al. who defined it as “a 

search term or terms (such as “random allocation” for sound studies of medical 

intervention) that select studies that are at the most advanced stages of testing for clinical 

application’ (Wilczynski et al. 1993). Search filters are usually combined into a search 

strategy using the “AND” Boolean operator. 

The various methods used for developing search filters are characterized by generation (59). 

First generation filters use non-objective methods as these are developed by librarians 

based solely on their expertise in bibliographic searches, but with no validation process. 

Second generation filters are developed in a similar manner, however in this development 

process the filters are validated using a gold standard or reference set. Third generation 

filters are developed based on statistical approaches and then validated against the gold 

standard which makes them the most objective type of filter (59). 

Generic filters exist for finding prediction and prognosis studies such as the Haynes broad 

filter, Ingui filter and the Yale prognosis and natural history filter (Geersing et al. 2012). 

Published prognostic search filters have lower sensitivity and precision than other types of 

search filters such as those for interventions (Chatterley and Dennett 2012). Due to this half 

of the systematic reviews being carried out on prognosis studies are using prognosis related 

terms to limit the search, but only a minority of these are published prognosis search filters. 
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Ingui filter (Validat$ OR Predict$.ti. OR Rule$) OR (Predict$ 

AND (Outcome$ OR Risk$ OR Model$)) OR 

((History OR Variable$ OR Criteria OR Scor$ OR 

Characteristic$ OR Finding$ OR Factor$) AND 

(Predict$ OR Model$ OR Decision$ OR Identif$ 

OR Prognos$)) OR (Decision$ AND (Model$ OR 

Clinical$ OR Logistic Models/)) OR (Prognostic 

AND (History OR Variable$ OR Criteria OR Scor$ 

OR Characteristic$ OR Finding$ OR Factor$ OR 

Model$)) 

Haynes broad filter (Predict*[tiab] OR Predictive value of tests[mh] 

OR Scor*[tiab] OR Observ*[tiab] OR Observer 

variation[mh]) 

Haynes narrow filter (prognos*[Title/Abstract] OR 

(first[Title/Abstract] AND 

episode[Title/Abstract]) OR 

cohort[Title/Abstract]) 

Yale prognosis and natural history filter cohort studies[mh] OR prognosis[mh] OR 

mortality[mh] OR morbidity[mh] OR "natural 

history" OR prognost*[tiab] OR course[tiab] OR 

predict*[tiab] OR outcome assessment[mh] OR 

outcome*[tiab] OR inception cohort* OR 

disease progression[mh] OR survival 

analysis[mh] 

 
 

There are 4 common methodological key elements within search filter design which will be 

discussed in detail in the methods section: identification of a ‘gold standard’; search term 

selection; evaluation of the search filter and validation (Jenkins 2004). Beynon et al 

identified 3 sources of possible bias in filter development. These sources are: 1) If 

systematic reviews were used to compile the reference set, these SRs must not have used a 

filter (for example in our case a prognosis filter); 2) The choice of the gold standard records 
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are subject to high bias if they are topic specific and not generalizable; 3) The validation of 

the filter should be carried out using a separate reference set (validation set) (60). 

Objectives 
 

To develop, evaluate and validate a search filter for prognostic factor studies. The main 

objective is to achieve maximum sensitivity so as not to lose any relevant studies when 

using the filter, while maintaining specificity. Generally, sensitivity and specificity are double 

edged swords, increasing sensitivity usually leads to decreased specificity, i.e. the 

identification of less relevant studies. 

The filter details will be fine-tuned in order to optimize sensitivity /(broadness) and/or 

specificity (narrowness). 

Methods 
 

1. Identification of “gold standard”: 
 

The first step of search filter development is to create the reference set list, which is most 

often referred to as the gold standard (Jenkins 2004). The reference set is a known set of 

studies that are relevant to, in our case prognostic factors studies. There are various 

methods used in creating a reference standard. These methods include hand searching, 

relative recall and database searching (Harbour et al. 2014, Beynon et al. 2013). Relative 

recall can be defined as “the proportion that any specific system retrieves of the total or 

pooled relevant documents retrieved by all the systems” (Sampson et al. 2006). We will use 

the relative recall method, which involves replicating the searches of systematic reviews and 

using the included studies in these reviews as the reference standard. The number of 

systematic reviews used in relative recall varies from 1- 27 reviews (Harbour et al. 2014). 

Relative recall is useful as it allows for the inclusion of a broader range of journals and 

publication years than would be otherwise included practically by handsearching (60, 83). 

This approach is also more generalizable to topics which is important for our filter as the 

literature is spread across a broad range of journals. 

How to choose systematic reviews to use: 
 

• We will use a validated search filter for systematic reviews and then search for 

“systematic reviews” and “prognostic factor” [title] in PubMed. 
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• We will import these reviews to EPPI-reviewer. In EPPI reviewer we will revise the 

results and put them into categories depending on the topics (gastro, cardio, cancer 

etc). 

• We will select a proportion of the results to include various topics in the selection. 

Out of the selected SR´s we will review if they used a prognosis filter-if they did, they 

will be eliminated, so as not to cause bias. The selected SR´s search strategies will 

also be checked to see if they searched OVID medline, if they did not then they will 

be eliminated from our list. 

• Then we should have our lists of included studies from these reviews. However, 

these included studies in the reference set are only the studies that were retrieved 

form OVID Medline, not from other sources searched in the original systematic 

review (60). 

The reference standard will be divided into three subsets: term identification set (TIS), filter 

development set (FDS) and the filter validation set (FVS). The reference set will consist of 

studies from the same systematic review (84). For example, if we have 7 SRs included in our 

reference set the TIS will include all the included studies from 3 SR´s, the FDS all the studies 

from 2 SR´s and the FVS all the studies from 2 SRs. Using more than one reference set 

provides the best evidence of the performance of filters outside of the original development 

and test environment. It also proves the consistency of the a filters performance across 

different sets of records (60). 

2. Search term selection: 
 

1. Carry out frequency analysis 
 

2. Calculate chi square values/analysis 
 

3. Panel of SR methodologists 
 

Search term selection will be based on the objective method used by Rietjens et al, 2019. A 

frequency analysis of PF articles will be carried out. The free online software systematic 

review accelerator (http://sr-accelerator.com/#/) will be used to carry out a word frequency 

analysis. We will enter the negative articles into the word analyser and then separately 

enter the positive articles to be able to make the comparison. 

http://sr-accelerator.com/%23/)
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Chi square values will be calculated for terms generated from the word frequency analysis 

to determine the significance of the difference in relative frequencies of the terms between 

positive studies (the studies that are included in the review) and negative studies (studies 

not included in the review) in the TIS. 

We will then organize a Delphi panel consisting of systematic review methodologists and 

information retrieval specialists to evaluate the appropriateness of including each term in 

the filter. The Delphi method will consist of three rounds, the first two being individual and 

the last round will be a panel meeting where a discussion can take place. The terms scoring 

between 7-9 on the Delphi will be eligible for inclusion in the filter. 

3. Evaluation of filter: 
 

An essential component of the search filter development process is the evaluation of how 

well the search filter performs in retrieving relevant records in a systematic review. 

Each filter (sensitive and specific) will be combined with the broad search strategy for OVID 

Medline that was used in each included SR in the FDS. The performance of the filter will be 

tested against the included studies in the FDS. 

During the evaluation we will test the sensitivity, specificity, precision, and number needed 

to read (NNR) of the filter. We will use the table below to guide us in the evaluation: 
 

 Gold standard articles Non-gold standard articles  

Retrieved A (TP) B (FP)  

Not retrieved C (FN) D (TN)  

 A+C   

Table 1. Table to calculate sensitivity, specificity, precision and NNR of the filter. 
 

Sensitivity is the number of relevant references in the gold standard retrieved by the filter 

as a proportion of the total number of references in the gold standard (van de Glind et al. 

2012, Kok et al. 2015). Sensitivity of the search filter is the extent to which the search was 

able to pick up, and not miss relevant articles. This reflects how many of the ‘included’ 

studies in a systematic review were potentially identifiable using a particular search filter or 
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database. If the search had low sensitivity, it would miss a large proportion of relevant 

articles. In contrast, a highly sensitive search is constructed so that it can pick up most of the 

relevant articles. 

It will be calculated by:  

 
Specificity is the number of references that are not relevant and are not retrieved as a 

proportion of the total number of non-relevant references (van de Glind et al. 2012). 

It will be calculated by: 
 
 
 

Precision (positive predictive value PPV) is the number of relevant records retrieved as a 

proportion of the total number of records retrieved by the filter (van de Glind et al. 2012). 

It will be calculated by: 
 
 

 

The number needed-to read (NNR) is a measure of the usability of the filter, because it 

indicates how many records a searcher must screen for each relevant record retrieved (van 

de Glind et al. 2012, Kok et al. 2015). In the context of searching, NNR refers to number of 

references that have to be checked to find one additional relevant article that is. Typically, 

in a systematic review, this would be the number of titles or abstracts retrieved from the 

electronic search that would have to be manually checked and considered to pick up one 

additional relevant article from the set of retrieved citations. 

It will be calculated by: 
 

(1/precision) 
 

If necessary, we will fine tune the filters, eliminating different words to increase sensitivity 

and/or specificity. 
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11.6 Other publications related to thesis 

11.6.1 Consideration of sex and gender in Cochrane reviews of interventions for 

preventing healthcare-associated infections: a methodology study 
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Abstract 

Background: Healthcare-associated infections (HAIs) are common and increase morbidity, mortality, and healthcare 
costs. Their control continues to be an unresolved issue worldwide. HAIs epidemiology shows sex/gender 
differences. Thus the lack of consideration of sex/gender in Cochrane reviews will limit their applicability and 
capacity to support informed decisions. This study aims to describe the extent to which Cochrane reviews of 
interventions for preventing HAIs consider sex and gender. 

Methods: Methodology study appraising Cochrane reviews of interventions to prevent HAIs. Search methods: 
Cochrane Database of Systematic Reviews from 1995 (launch of the journal) to 31 December 2016. Two authors 
independently extracted data with EPPI-Reviewer 4 software, and independently appraised the sex/gender content 
of the reviews with the Sex and Gender Appraisal Tool for Systematic Reviews (SGAT-SR). 

Results: This study included 113 reviews assessing the effects of interventions for preventing HAIs. 100 reviews 
(88%) used at least one sex or gender-related term. The terminology used was heterogeneous, being “sex” the term 
used in more reviews (51%). No review defined neither sex nor gender. Thus we could not assess the definitions 
provided. Consideration of sex and gender was practically absent in the included reviews; in fact, no review met all 
the applicable items of the SGAT-SR, and 51 reviews (50%) fulfilled no item. No review provided a complete 
description of the sex and the gender of the samples of the included studies. Only ten reviews (10%) planned to 
perform sex- and gender-based analysis and only three (3%) could complete the analysis. The method chosen was 
always the subgroup analysis based on sex (one review) or gender (two reviews). Three reviews (3%) considered 
sex or gender-related findings in the conclusions. 

Conclusion: Consideration of sex and gender in Cochrane reviews of interventions for preventing HAIs was 
practically absent. This lack of attention to sex and gender reduces the quality of Cochrane reviews, and their 
applicability for all people: women and men, boys and girls, and people of diverse gender identities. Cochrane 
should attempt to address the shortfalls detected. 

Keywords: Systematic reviews, Data extraction, Sex, Gender, Sex/gender, Equity, Cochrane, Gender bias, Healthcare- 
associated infection 
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Background 
Health inequality and health inequity 
‘Health inequality’ and ‘health inequity’ are commonly con- 
fused terms, although they have different meanings. Health 
inequalities refer to the differences in health status or in the 
distribution of health determinants between different popu- 
lations (e.g., racial, ethnic, sex, gender, sexual orientation, or 
socioeconomic groups) [1]. On the other hand, ‘health in- 
equities,’ also known as ‘health disparities’ [2], are avoidable 
and unfair differences in health across socioeconomic, 
demographic and geographic factors [1–6]. According to 
the World Health Organization (WHO) Commission on So- 
cial Determinants of Health, health inequity is caused by 
the following interacting factors: a) the socioeconomic and 
political context, b) the social position, b) the material cir- 
cumstances, and d) the health system [7]. 

To reduce health inequities both within and between 
countries remains a priority on the agenda of international 
organisations, such as the WHO, and local, regional and na- 
tional governments [8, 9]. The design and implementation of 
health care interventions and health programmes should 
apply an “equity lens” to ensure that benefits reach the most 
hard-to-reach segments of the population and to avoid 
intervention-generated inequalities [10, 11]. See Add- 
itional file 1 for definitions of key terms. 

 
The relevance of sex and gender in health 
Sex, gender, or sexual orientation are characteristics that 
may contribute to health inequalities and health inequities 
[5, 10, 12, 13]. The concepts of sex and gender are distinct 
but interrelated [14]. According to the Canadian Institutes of 
Health Research, every cell is sexed, and every person is gen- 
dered [15]. Sex, usually defined as female or male, refers to a 
number of biological characteristics in humans and animals 
[16]. Sex is linked with physical and physiological features, 
such as chromosomes, gene expression, hormone function 
and reproductive/sexual anatomy [16, 17]. 

On the other hand, gender refers to the social roles, be- 
haviours, expressions and identities of girls, women, boys, 
men, and gender diverse people [16, 17]. Consequently, 
gender influences how people perceive themselves and 
each other, how they behave and interact, and how power 
and resources distribute in society [16, 17]. 

Sex and gender are usually conceptualised as binary fac- 
tors. Thus, analyses often consider male/female for sex, as 
well as masculine/feminine for gender [16, 17]. However, 
this may not reflect the reality, as the attributes of gender 
are multidimensional, dynamic, and interactive [18]. The 
term ‘sex/gender’ highlights this ‘entanglement’ of the bio- 
logical and the social [17, 19, 20]. 

Biological and gender-based differences result in differ- 
ential health risks, disease incidence, and health service 
needs [10]. Consequently, sex and gender interactions can 
influence health and well-being in a variety of ways [16]. 

First, pharmacokinetics and pharmacodynamics of drugs 
differ between sexes, resulting in differential adverse event 
profiles and further affecting treatment outcomes [21–23]. 
Secondly, sex and gender both affect environmental and 
occupational risks, risk-taking behaviours, access to health 
care, health care-seeking behaviour, health care utilisation, 
and perceived experience with health care, and thus, dis- 
ease prevalence and treatment outcomes [16, 24]. 

 
Consideration of sex and gender in research 
The consideration of sex and gender in research is relevant 
for many reasons, such as for warranting scientific rigour, for 
reducing and enhancing the effectiveness of healthcare inter- 
ventions, for promoting an informed-decision making, and 
for addressing inequities in health [17, 25–27]. The absence 
of consideration of sex and gender in research limits the ex- 
ternal validity of research findings and their applicability for 
women, but also for men [16]. 

Various stakeholders (e.g., journal editors, research fun- 
ders, policymakers) agree that sex and gender matter to 
health outcomes [16]. As an example, the National Insti- 
tutes of Health (NIH) Revitalization Act of 1993 in the 
United States of America (USA) required NIH-funded clin- 
ical trials to include women and minorities as participants 
and to assess outcomes by sex and race or ethnicity [28]. 
Also, other relevant stakeholders are asking systematic re- 
views (SRs) to determine the evidence of differential effects 
across age, sex and socioeconomic status [29]; this is the 
case of NICE (National Institute for Health and Care Excel- 
lence) [30], or the PRISMA statement [31]. 

However, research design, reporting, and implementa- 
tion, and general science communication often neglect 
sex and gender differences [14, 16, 17, 25, 26, 32–35] and 
policies attempting to solve this problem, such as the NIH 
policies cited above, have not resulted in significant in- 
creases in reporting results by sex, race, or ethnicity [36]. 

 
Methods to consider sex and gender in systematic 
reviews 
A SR is a review that departs from a clear question and 
follows rigorous and explicit methods in all its stages, 
that is, from the identification of the studies to the ana- 
lysis of the data [37]. 

SRs are essential tools to transfer research knowledge 
into evidence-informed policy and practice [29, 38, 39]. 
Also, SRs are crucial in the promotion of health equity as 
they help to determine the effects of interventions across 
studies conducted in a variety of settings and populations, 
which allows for the exploration of both prognostic fac- 
tors and treatment-covariate interactions [4, 29, 40–42]. 
Decision-makers are interested in health equity as one of 
the considerations for decision-making, as they need to 
know the effects of interventions in the overall population 
and across population groups [5, 43]. Considering sex and 
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gender in SRs is a significant step forward in determining 
to whom the evidence applies, which is critical to make 
sound clinical and policy decisions [33]. 

Sex- and gender-based analysis (SGBA) is the analytical 
approach that incoporates the sex and gender perspective 
into health research, policies, and programmes, and in health 
planning and decision-making [16]. SGBA systemically in- 
quiries about biological (sex-based) and socio-cultural (gen- 
der-based) differences between women and men, and boys 
and girls, without presuming that there are disparities [44]. 
In the context of SRs, SGBA is any analytical framework 
aiming to promote the consideration of sex and gender 
properly within SRs, so they have the potential to expand 
their findings for all people: women and men, boys, girls, 
and people of diverse gender identities. 

There are several methodological approaches for address- 
ing factors related to equity (sex and gender among them) in 
SRs, such as performing subgroup analysis or performing 
targeted analyses of sex/gender populations [4]. 

 
Consideration of sex and gender in Cochrane reviews 
Cochrane is an international organisation that prepares 
SRs to support people in making well-informed deci- 
sions about health care (36). Although the extent to 
which current Cochrane reviews consider sex and gen- 
der is not well known, some studies suggest that there is 
much room for improvement. To our knowledge, only 
the study by Doull et al. [14] has evaluated the consider- 
ation of sex and gender in Cochrane reviews. This study 
concluded that SGBA was generally absent in a random 
sample of 38 Cochrane reviews published before April 
2007 in cardiovascular health. 

Moreover, Cochrane reviews seem to rarely assess 
whether interventions have intended or unintended effects 
on health equity [29]; according to another study, only 1% 
of a random sample of Cochrane reviews assessed differ- 
ences in the effectiveness of interventions across socioeco- 
nomic or demographic factors [45]. This shortfall is also 
present in non-Cochrane SRs. In fact, the analysis or re- 
port of equity issues, [38, 46–49], and sex/gender in par- 
ticular [17, 25, 26, 33, 35], is infrequent in SRs. 

There are several obstacles to consider sex/gender in 
any type of SRs, such as how the included studies defined 
sex and gender, the methodological difficulties in measur- 
ing and analysing sex and gender, the availability of data 
to perform sex and gender analysis, and also the quality of 
this data [33]. As an example, the studies included in SRs 
usually do not report about the inclusion of specific popu- 
lations or, if they do, they may not assess variation in ef- 
fects across critical characteristics, such as sex, age, 
ethnicity or socioeconomic status [5]. Moreover, sex and 
gender are highly interrelated, and it is sometimes difficult 
to attribute particular male-female differences to either 
sex or gender alone [24]. Consequently, SRs do not clearly 

 
identify to whom the research results apply and do not 
present adequate data and analyses about health equity 
factors, including sex and gender [34, 40, 50–52]. A 
proper SGBA framework can help in determining external 
validity—to whom a particular body of evidence applies 
and to what degree there is sufficient evidence to general- 
ise results [14]. 

The Sex/Gender Methods Group, a subgroup of the 
Campbell and Cochrane Equity Methods Group [53], 
was established in December 2005. One of its aims is to 
develop methods and tools to integrate sex and gender 
in the development and reporting of research synthesis 
[54]. Cochrane Madrid is making this a priority, and this 
article describes our first step to promote the application 
of an “equity lens” to Cochrane reviews. 

 
Healthcare-associated infections: a public health problem 
Healthcare-associated infections (HAIs) are infections ac- 
quired as a result of the delivery of health care [55]. HAIs 
represent a public health problem worldwide, as about 6 
and 4% of the hospitalised patients in Europe and the U. 
S, respectively, have at least one HAI [56, 57]. Rates of 
HAIs seem to be even higher in low or middle-income 
countries [58]. HAIs increase morbidity (prolonged hos- 
pital stay and worse prognosis) [59], mortality [59, 60], 
and healthcare costs [59, 61, 62]. Finally, there can be lim- 
ited options for treating HAIs caused by certain 
drug-resistant organisms, such as methicillin-resistant 
Staphylococcus aureus (MRSA) [56, 57, 63]. 

 
Role of sex and gender in infectious diseases 
transmission and outcomes 
Traditionally, little attention has been paid to sex and 
gender differences in infectious diseases [24]. However, 
both sex and gender can affect infectious diseases inci- 
dence, duration, severity, and mortality through several 
pathways [24]. 

There are biological differences between sexes that 
affect infectious diseases. For example, pregnant and lac- 
tating women represent a high-risk group for many infec- 
tious diseases [24], or females have an increased risk of 
catheter-associated urinary tract infection (CAUTI) due to 
anatomy that facilitates the bacterial contamination of the 
catheter. On the other hand, the vulnerability to infections 
differs between sexes due to differences in their immune 
systems; in this line, pre-menopausal females seem to have 
a natural advantage under septic conditions [64–69], 
which may be explained by the role of sex steroids, that 
change the host immune function, alter genes and modify 
behaviours that influence susceptibility and resistance to 
infection [69]. However, a recent SR concluded that the 
impact of sex on sepsis outcomes remains equivocal [70]. 
Finally, males may present higher overall HAIs prevalence, 
thirty-day mortality, and one-year mortality [71]. 



 

López-Alcalde et al. BMC Health Services Research (2019) 19:169 Page 4 of 17 
 
 
 
 

Gender differences in behaviours, activities, exposures, 
and access to resources and decision-making affect 
transmission and outcomes for different HAIs [24]. For 
example, women are less likely to receive antibiotics 
within 3 hours of the diagnostic of sepsis, as compared 
to men [72]. 

 
Why this study is important 
Sex and gender are necessary to understand the trans- 
mission of infectious diseases. The integration of a sex/ 
gender perspective into SRs of interventions to control 
the transmission of HAIs is a new and challenging area 
but critical to defining successful infection control pro- 
grammes [24]. 

Although we need more research to understand better 
how sex and gender interact with HAIs, there is enough 
knowledge available to justify the inclusion of a sex/gender 
perspective in research and programmes for HAIs. How- 
ever, infection control strategies in the healthcare setting 
do not often consider sex and gender, and thus, they are 
generally the same for males or females [24, 73]. 

To consider sex and gender in Cochrane reviews of in- 
terventions to prevent HAIs is important. First, it will 
allow for the identification of the most effective and safest 
interventions for women and men. Second, it will contrib- 
ute to the reduction of health inequities between men and 
women, and thereby promote human rights [24]. Third, 
the consideration of sex and gender in Cochrane reviews 
will help an informed-decision making for women and 
men. Fourth, the findings of our study will contribute to 
promoting the incorporation of a sex/gender perspective 
into Cochrane reviews of any topic. 

We chose to focus our study on Cochrane reviews for 
several reasons. First, we foresaw that a high number of 
Cochrane reviews had evaluated infection control inter- 
ventions [74]. Second, a wide range of Cochrane Review 
Groups publishes Cochrane reviews of infection control 
interventions, which gives an overview of the general ap- 
proach of Cochrane as an organisation towards sex and 
gender. Third, Cochrane reviews are recognised as a reli- 
able source of evidence worldwide and have a high impact 
on decision making, for example, through the consider- 
ation of Cochrane reviews in clinical guidelines [75–77], 
or in the medical policy documents of private health in- 
surers [78]. As an example, the percentage of Cochrane 
reviews used in WHO guidelines have been steadily rising, 
and so far for 2016, Cochrane reviews have been included 
in 90% of the WHO guidelines [77]. However, if Cochrane 
reviews do not consider sex and gender, they will not be 
able to generate evidence that applies to all the people that 
can benefit from the research findings. Thus, Cochrane re- 
views may not be useful for policy-makers [29] who seek 
information on the distribution of effects in the popula- 
tion [48, 79], or may even lead to the implementation of 

 
policies and programs which inadvertently increase health 
inequities [80, 81]. 

 
Study aims 
The general aim of this study was to describe the extent 
to which Cochrane reviews of interventions for prevent- 
ing HAIs consider sex and gender. The specific objec- 
tives were the following. 

 
Objective 1. To describe and assess the terminology 
and definitions used for sex and gender. 
Objective 2. To determine the content of the reviews 
about sex and gender. 
Objective 3. To describe the SGBA of the reviews. 
Objective 4. To assess whether the review conclusions 
considered the sex- and gender-related findings. 

 
Methods 
Study design 
Methodology study, that is, a study that assesses the 
methods used in randomised trials, other healthcare 
evaluations or systematic reviews [82]. 

We did not register this study in PROSPERO database 
because it did not meet the inclusion criteria, mainly be- 
cause this is not a systematic review [83]. Our research 
does not adhere to any reporting statement as to our 
knowledge there is no guidance for reporting method- 
ology studies. 

 
Criteria for considering reviews for this study 
Types of reviews that were eligible 
Cochrane reviews published from 1995 (launch of the 
journal) until 31st December 2016 that evaluated the ef- 
fects of interventions for preventing HAIs. The review 
had to be defined as a ‘published review’ (not at protocol 
nor title stage), an ‘active review’ (not withdrawn), and 
as an ‘intervention review’, that is, a review assessing the 
effects (benefits, harms or both) of health care or health 
policy interventions [84]. Thus, we excluded the 
remaining types of Cochrane reviews: methodology re- 
views, diagnostic reviews, overviews of reviews, progno- 
sis reviews, and qualitative reviews. 

Participants: the review must have considered any 
healthcare consumer in risk of healthcare-associated col- 
onisation or HAI, except for reviews focusing on neonates, 
pre-terms, low birth weight or immunocompromised pa- 
tients, due to the epidemiological peculiarities of these 
participants. We also excluded reviews focusing on the 
prevention of infections in healthcare professionals. All 
healthcare settings were eligible. 

Interventions: any strategy, pharmacological or not, 
aimed at preventing any healthcare-associated colonisa- 
tion or infection. Additional file 2 details the eligible inter- 
ventions. The review could consider any comparator, that 
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is, an inactive comparator (such as doing nothing, use of 
placebo, or use of a sham intervention), or an active one 
(such as a pharmacological intervention, or a non-
pharmacological intervention, for example, an educa- 
tional or organisational one). 

Outcomes: the review must have planned to assess at 
least one of the following outcomes: (a) occurrence of 
HAIs; (b) occurrence of colonisations; (c) mortality due 
to HAI; (d) total mortality; (e) resistance to antimicro- 
bials; or (f ) any surrogate measure of HAI, such as fever, 
positive culture, or antibiotic use. The review had to 
consider at least one of the previous outcomes in the 
“Types of outcome measures” section (as a primary or 
secondary outcome) or had to present results about any 
of these outcomes (“Results” section). 

 
Search methods for identification of reviews 
We searched the Cochrane Database of Systematic Re- 
views (CDSR) looking for all the Cochrane interventions 
reviews active and published from 1995 (launch of the 
journal) until 31st December 2016. Additional file 3 de- 
tails the full search strategy. We used EPPI-Reviewer 4 
software [85] to create the database of reviews. 

 
Selection of reviews 
Two authors (JLA and SCN or ES) screened each title 
and abstract independently to select potentially eligible 
reviews. If there was any uncertainty based on this infor- 
mation, we obtained the full-text review for further as- 
sessment. Two authors (JLA and SCN or ES or AFC) 
independently assessed the eligibility of the retrieved full 
texts and resolved disagreements by discussion. If there 
was no consensus, we consulted a third author (JZ). We 
used EPPI-Reviewer 4 software [85] to implement the se- 
lection process. We piloted the selection process with 
100 records. We created a PRISMA flowchart [86] de- 
scribing the results of the selection process. 

 
Data extraction 
We designed a data extraction template and piloted the 
form on ten reviews. Two of the piloted reviews were 
not eligible for this study, but we used them because 
they had been defined by the Canadian Institutes of 
Health Research [87] as exemplar Cochrane reviews re- 
garding the consideration of sex and gender. The data 
extraction template is available upon request. 

We extracted data with the EPPI-Reviewer 4 software [85]. 
At least two authors (JLA, ES, AF or SCN) extracted the 
data for each item of the form. For critical items, two authors 
extracted data independently. For other items, one author 
extracted the data, and another author cross-checked the in- 
formation extracted. We resolved discrepancies by consen- 
sus. In the case of no consensus, a third author intervened. 
We did not contact the review authors to obtain missing in- 
formation or clarification. 

Next, we detail the methods used to complete each 
specific objective. 

 
Analysis methods 
Objective 1. To describe and assess the terminology and 
definitions used for sex and gender 
We described the terms used for sex and gender and the sec- 
tions in which these terms appeared. Moreover, we assessed 
the appropriateness of the terms and definitions used by 
comparing them with the proposals of the SAGER (Reporting 
of Sex and Gender Equity in Research) guidelines [16]. We 
followed the classifications detailed in Tables 1 and 2. See 
also Additional file 1 for sex and gender definitions. 

 
Objective 2. To determine the content of the reviews about 
sex and gender 
We determined the sex and gender content of each review 
according to the domains proposed by the Sex and Gen- 
der Appraisal Tool for Systematic Reviews (SGAT-SR) [14]. 
This 21-item tool assesses how a Cochrane review has 
considered sex and gender. It appraises seven review 

 
Table 1 Classification of the sex and gender terms 
Classification 

 

Correct Any of the following. 
1. Male or female for sex and an adequate definition of sex (biological). 
2. Men or women for gender and an adequate definition of gender (cultural and socially determined roles). 

Incorrect Any of the following. 
1. Male or female for gender. 
2. Men or women for sex. 

Unclear Any of the following. 
1. Terms for sex or gender used without defining sex or gender. For example, if a review stated that the sex of the participants was 
male (56%) and female (64%), but there was no definition for sex, we judged the terminology as unclear because we could not know 
that the review was referring to sex or gender. 
2. Terms inconsistently used in the review. For example, the review used the terms ‘male’ and ‘men’ for the same concept. 
3. Abbreviations used without the full term provided. 

Not 
applicable 

No mention to sex or gender 
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Table 2 Classification of the sex and gender definitions 
Classification 

 

Correct Definitions like SAGER guidelines 

Incorrect Definitions different to SAGER guidelines 

Unclear Terms for sex or gender used without a definition for sex or gender 

Not applicable There was no mention of sex or gender in the review 

 

sections: (a) Background, (b) Objectives, (c) Criteria for in- 
clusion/exclusion, (d) Methods, (e) Results and analysis, 
(f) Discussion and conclusions, and (g) Table of included 
studies. Each question of the tool has four answers: (a) 
“Yes, review met criteria”; (b) “No, the review did not 
meet criteria”; (c) “Item was not applicable to review”; or 
(d) “Unable to determine”. The tool allows adding free 
text comments to each response in case of need. We made 
minor wording changes to the SGAT-SR. Additional file 4 
shows the domains of the tool and the guidance on which 
we based our judgements. 

We tabulated the responses to the tool by simple 
counts, and summarised the results numerically to pro- 
vide an indication of overall responses (as done by Doull 
et al. [14] in a methodology study that used the 
SGAT-SR to examine the consideration of sex and gen- 
der in a sample of Cochrane reviews in the area of car- 
diovascular health). We calculated the percentage of 
reviews meeting each item only when this was applicable 
(Number of reviews meeting item × 100/Total number 
of included reviews in which the item was applicable); 
thus, when an item was not applicable for a review, that 
review was considered neither in the numerator nor in 
the denominator for that item. This omission applied to 
reviews focusing on females only, that is, those reviews 
addressing pregnancy and delivery. Breast cancer was 
not the case, as it can also affect males. 

Two authors (SCN, JLA, ES, or AFC) independently an- 
swered each item of the tool not masked to the review de- 
tails. We resolved disagreements through discussion and 
by consulting a third author if there was no consensus. 
We tabulated the judgements of the SGAT-SR and used 
Powerpoint 2016 [88] and Review Manager 5.3 [89] to 
summarise our judgements graphically. 

 
 
Objective 3. To describe the SGBA of the reviews 

 
Objective 3a. To describe the reporting of the sex 
and the gender characteristics of the study 
participants We described if the review had attempted 
to report the sex and gender characteristics of the partic- 
ipants recruited for each included study. For a review to 
describe the study samples accurately, we agreed that it 
should have attempted to report at least the following 
information for each included study (based on Clayton 

et al. [90]). We will report the following key sex and 
gender characteristics. 

• Sex measurement (ascertained by genotyping of 
blood sample) 

• Number of female and male participants 
• Gender measurement (ascertained by self-report) 
• Number of women and men participants 
We focused on the information that the review re- 

ported in the table of included studies. We classified the 
review reporting of the sex and gender characteristics of 
the study participants according to the following 
categories. 

• Correct with a complete description: the review 
attempted to describe all the key sex and gender charac- 
teristics, and this information was available for all the in- 
cluded studies. 

• Correct with an incomplete description: the review 
attempted to describe all the key sex and gender charac- 
teristics, but this information was not available for all 
the included studies, which was highlighted by the re- 
view authors. 

• Incorrect: the review did not attempt to describe all 
the key sex and gender characteristics for all the in- 
cluded studies. 

 
Objective 3b. To describe the SGBA in the reviews 
First, we identified the SRs that had planned or used any 
SGBA. Second, we described the SGBA methods 
planned and finally used. We considered Welch et al. [4] 
to describe the SGBA methods used: 

• Subgroup analysis-pooled results: SRs that assessed 
impacts of health interventions on the outcome using 
subgroup analysis with pooling. 

• Subgroup analysis-descriptive: SRs that described 
within-study differences without pooling. 

• Targeted analyses of sex or gender populations 
• Other methods used for SGBA 

 
Objective 4. To assess whether the review conclusions 
considered the sex- and gender-related findings 
We calculated the percentage of reviews considering the 
sex- and gender-related findings in the conclusions, in 
particular: 

 
• % of reviews considering sex or gender findings in 

the “Implications for clinical practice” section 
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• % of reviews considering sex or gender findings in 
the “Implications for research” section 

• % of reviews performing SGBA that considered sex 
or gender findings in the “Implications for clinical 
practice” section 

• % of reviews performing SGBA that considered sex 
or gender findings in the “Implications for research” 
section 

 
Results 
Results of the search 
The search strategy in CDSR generated 7156 records. 
First, we screened their titles and abstracts, and we ex- 
cluded 6836 records because they were not eligible. Sec- 
ond, we subsequently retrieved 320 full texts for further 
examination. We excluded 207 full texts (see reasons in 
Fig. 1), and we finally included 113 reviews. 

 
Description of the included reviews 
This study included 113 reviews (see Additional file 5, also 
available in RIS format upon demand). The reviews were 
published between 2003 and 2016 within 23 different 
Cochrane Review Groups. The Cochrane Wounds Group 
was the review group with the most reviews included in 
this study (35/113 reviews [31%]), followed by the Anaes- 
thesia, Critical, and Emergency Care Group (13/113 re- 
views [12%]), and the Incontinence Group (10/113 
reviews [9%]). Each of the remaining Cochrane Review 
Groups published less than ten of the included reviews. 

All the reviews evaluated the effects of interventions for 
preventing HAIs. The interventions most frequently eval- 
uated were those aiming to prevent HAIs associated to 
surgery (50/113 [44%] reviews), followed by interventions 

 
to prevent infections associated to vascular accesses (21/ 
113 [19%] reviews), and interventions based on patient 
and healthcare personnel hygiene (14/113 [12%] reviews). 
Other interventions evaluated were, for example, those to 
prevent urinary catheter-associated infection, education 
and training to prevent HAIs, or interventions to prevent 
infection associated with dental procedures. 

All the reviews planned to assess at least one of our 
study outcomes. HAI was defined as eligible in 105/113 
(93%) reviews, followed by total mortality (66/113 re- 
views [58%]), surrogate measures of HAI (31/113 re- 
views [27%]), colonisation (19/113 reviews [17%]), 
mortality due to HAI (15/113 reviews [13%]), and resist- 
ance to antimicrobials (14/113 reviews [12%]). 

The most common study design was the randomised 
controlled trial (RCT), which was eligible in all the in- 
cluded reviews (100%). The RCT was the only study de- 
sign eligible in 57 reviews (50%), but another 55 reviews 
(49%) admitted the inclusion of at least one type of 
non-randomised study (NRS) as well. For one review 
(1%), it was unclear if NRS were eligible. 

 
Objective 1. To describe and assess the terminology and 
definitions used for sex and gender 
100/113 reviews (88%) used at least one sex or 
gender-related term. The terms used varied, and no re- 
view made it explicit that sex and gender were different 
concepts. ‘Sex’ was the term used in the most reviews 
(58/113 reviews, 51%), followed by ‘male’ (54/113 re- 
views, 48%), ‘woman’ or ‘women’ (53/113 reviews, 47%), 
‘female’ (50/113 reviews, 44%), ‘gender’ (42/113 reviews, 
37%), ‘men’ or ‘man’ (28/113 reviews, 25%), or other 
terms, in particular ‘boys’ and ‘girls’ (3/113 reviews, 3%). 

 

 
Fig. 1 Flow diagram of the selection process 
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13/113 reviews (12%) used no term related to sex nor 
gender. 

The terms appeared mainly in the ‘Characteristics of 
studies’ section (84/113 reviews, 74%). On the other 
hand, only 10/113 (9%) reviews used these terms in the 
conclusions section. Table 3 details the review sections 
that used these terms. 

The reviews defined neither sex nor gender. Thus we 
could not assess the definitions provided. Moreover, the 
absence of definitions hindered our attempt to assess the 
appropriateness of the terms used. For thirteen reviews 
it was not applicable to assess the terminology because 
they did not use sex or gender terms. Another 11/100 
(11%) reviews used incorrect terms: ‘male’ or ‘female’ for 
gender (8 reviews), and ‘men’ or ‘women’ for sex (3 re- 
views). Also, 89/100 reviews (89%) used unclear termin- 
ology because there was no definition for sex or gender 
(80 reviews), because both sex and gender terms were 
used inconsistently apparently for the same concepts 
(eight reviews), or because the abbreviation “M” was 
used without detailing the full term (one review). Rea- 
sons to judge the terms as unclear or incorrect are 
shown in Fig. 2. 

 
 

Objective 2. To determine the content of the reviews 
about sex and gender 
We did not determine the sex and gender content for 
eleven reviews [91–101] as they included females only 
due to the topics addressed, that is, interventions to pre- 
vent HAIs in caesarean section, operative vaginal deliv- 
ery, abortion, amniotomy, or prelabour rupture of 
membranes. Table 4 details the overall responses to the 
SGAT-SR questions, and Additional files 6 and 7 detail 

 
our responses to the tool for each review, which can be 
seen graphically in Fig. 3. 

No review met all the applicable items of the 
SGAT-SR. In fact, 51/102 reviews (50%) fulfilled none of 
the applicable items. The remaining reviews fulfilled one 
(38/102 reviews [37%]), two (9/102 [9%]), three (3/102 
[3%)], or four (1/102 [1%]) of the applicable items. 

 
Review section: background 
12/102 reviews (12%) used sex or gender-related terms 
in the background. However, only 2/102 reviews (2%) 
defined the relevance of sex or gender to the review 
question, and this was unclear for 8/102 reviews (8%). 
No review (0/102) discussed in its background why sex 
or gender differences might be expected. 

 
Review section: objectives 
No review (0/102 reviews) used the terms sex, gender, 
male, or female in the objectives. 

 
Review section: criteria for inclusion/exclusion 
No review used sex or gender as criteria for deciding on 
study eligibility (0/102 reviews) or explained why to con- 
sider sex or gender differences for study eligibility (0/102 
reviews). 

 
Review section: methods 
No review (0/102 reviews) planned to examine or finally 
examined whether outcome measures were different for 
males and females. No review planned to extract or ex- 
tracted data by sex (0/102 reviews). No review extracted 
withdrawals and dropouts by sex (0/102 reviews). No re- 
view used sex/gender as a proxy for other measures (0/ 
102 reviews). 

 
Table 3 Percentage of reviews using sex and gender terms in each review section 
Review section Sex Gender Malea Femaleb Menc Womend Other 

Abstract 2% – – 1% 2% 8% – 

Background 3% 1% 4% 5% 3% 15% – 

Plain language summary  2% 1% 2% – 8% – 

Eligibility criteria 4% 8% 1% 1% 4% 13% – 

Search methods – – – – – 1% – 

Data collection and analysis 12% 12% 4% 4% 5% 9% – 

Results 9% 10% 12% 12% 7% 18% 1% 

Discussion 4% 2% 2% 1% 4% 15% – 

Authors’ conclusions 1% – – 1% 1% 7% – 

Characteristics of studies 31% 22% 42% 35% 13% 35% 2% 

Other sections 5% 3% – – – 3% – 

Not reported 49% 63% 52% 56% 75% 53% 97% 
a‘Male’, ‘males’ or ‘m’ 
b‘Female’, ‘females’ or ‘f 
c‘Men’ or ‘man’ or ‘m’ 
d‘Women’ or woman 

       



 

Fig. 2 Appropriateness of the sex and gender terminology 
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Table 4 Responses to the Sex and Gender Appraisal Tool for Systematic Reviews (SGAT-SR) 
Reviews meeting the Tool question Reviews meeting the criteria (n) 
criteria (n)  Yes No Unable to 

determine 
Not 
applicable 

1.Background 1.1. Are the terms sex and gender used in the background? 12 90 0 11 
 1.2. Are sex/gender identified as relevant or not to review question? 2 92 8 11 
 1.3. Does background discuss why sex/gender differences may be expected? 0 102 0 11 

2. Objectives 2.1. Are the terms sex, gender, male, or female used in objectives? 0 102 0 11 

3.Criteria for inclusion- 
exclusion 

3.1. Do the review’s inclusion-exclusion criteria consider sex-gender 
differences? 

0 102 0 11 

 3.2. Was there justification or explanation for the exclusion of some groups? 0 102 0 11 

4. Methods 4.1. Does the review examine whether outcome measures are different for 
males and females? 

0 102 0 11 

 4.2. Did the review extract data by sex? 0 102 0 11 
 4.3. Did the review extract data on sex of withdrawals and dropouts? 0 102 0 11 
 4.4. In cases where sex/gender is used as a proxy, is there an explanation? 0 0 0 113 

 4.5. Were any subgroup analyses completed? 41 61 0 11 
 4.6. Were subgroup analyses by sex completed? 3 99 0 11 

5.Results and analysis 5.1. Do results distinguish between findings for males/females? 0 96 1 16 
 5.2. Does the review report conclusions that are different for men and 

women? 
0 96 1 16 

 5.3. If adverse effects are reported, is information sex-disaggregated? 0 60 0 53 
 5.4. Does review note that subgroup analyses by sex could not be done? 7 3 1 102 

6. Discussion and 
conclusion 

6.1. Does the review report that primary studies analysed or failed to analyse 
results by sex? 

0 97 0 16 

 6.2. Does the review address sex/gender implications for clinical practice? 1 101 0 11 
 6.3. Does the review address sex/gender implications for policy and 

regulation? 
0 102 0 11 

 6.4. Does the review address sex/gender implications for research? 2 100 0 11 

7. Table of included 
studies 

7.1. Detailed information on sex/gender of the study samples? 0 97 0 16 



 

Fig. 3 Sex and gender appraisal graph. Judgements across reviews for each item of the tool 

López-Alcalde et al. BMC Health Services Research (2019) 19:169 Page 10 of 17 
 
 
 
 

 

86/102 reviews (84%) planned to perform subgroup 
analysis, but only 41/102 reviews (40%) could complete 
at least one subgroup analysis. 10/102 reviews (10%) 
chose sex as the factor to analyse, but only three (3/102 
[3%]) could complete the analysis. 

 
Review section: results and analysis 
No review in which it was applicable distinguished between 
findings for males and females (0/97), or reported conclu- 
sions (of effectiveness, efficacy, safety) that were different for 
men and women (0/97 reviews). For one review [102] we 
judged that these two items of the tool were unclear because 
the results and conclusions were reported separately only for 
some review outcomes. For sixteen reviews it was not applic- 
able to assess these items because they focused on one sex 
only (11 reviews), or they included no study (6 reviews). 

No review (0/60 reviews) reported adverse effects dis- 
aggregated by sex. For the remaining 53 reviews, it was 
not applicable to assess this item of the tool due to the 
following reasons: the reviews focused on one sex only 
(11 reviews), they included no study (6 reviews), they did 
not plan to assess adverse effects (33 reviews), or al- 
though they planned to assess safety the included studies 
did not report adverse effects (9 reviews). 

Seven out of the ten reviews (70%) that planned but 
could not perform subgroup analysis by sex explained 
why this analysis could not be completed. 

 
Review section: discussion and conclusions 
No review in which it was applicable (0/97 reviews) re- 
ported if the included studies had analysed or failed to 

analyse results by sex. This aspect was not applicable in 
16 reviews because they had no included studies (6 re- 
views) or because they focused on one sex only (11 
reviews). 

A total of 3/102 reviews (3%) considered sex/gender impli- 
cations in their conclusions: 1/102 review (1%) addressed the 
implications for clinical practice, and the other 2/102 reviews 
(2%) considered the implications for research. However, no 
review addressed the implications of sex/gender for policy 
and regulation. 

 
 

Review section: table of included studies 
No review (0/97 reviews [0%]) provided detailed in- 
formation on the sex and the gender of the samples 
of all the included studies. For sixteen reviews, this 
was not applicable as they did not include any study 
(six reviews) or they focused on one sex only (eleven 
reviews). 

Regarding the sex of the participants recruited, 78/97 
reviews (80%) provided no information at all. Another 
19/97 reviews (20%) provided unclear information. Re- 
garding the gender, 87/97 reviews (90%) provided no in- 
formation, and in the other 10/97 reviews (10%) the 
information was unclear. We considered that the infor- 
mation about the sex or gender of the recruited samples 
was unclear for several reasons: there was no definition 
for sex or gender, the authors used sex or gender terms 
but they did not state if they referred to sex or gender, 
or the authors misused the terms (men or women for 
sex, or male or female for gender). 
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Objective 3. To describe the SGBA of the included reviews 

 
Objective 3a. To describe the reporting of the sex 
and the gender characteristics of the study 
participants The review reporting of the sex and gender 
characteristics of the study participants was always in- 
correct, as no review attempted to report the sex or the 
gender of the participants of all the included studies. 
The method to ascertain the sex or gender of the re- 
cruited participants was never reported in the reviews. 

 

Objective 3b. Description of the SGBA in the 
included reviews Ten reviews (10/102 [10%]) planned 
to perform SGBA, but only three (3/102 [3%]) could 
complete the analysis. The method chosen for SGBA 
was always the use of subgroup analysis based on sex 
(one review) or gender (two reviews). Two reviews per- 
formed subgroup analysis by pooling results of studies 
to assess the effect of sex or gender on the outcome, and 
the other review performed a descriptive subgroup ana- 
lysis, that is, described within-study differences by gen- 
der without pooling. 

 
 

Objective 4. To assess whether the review conclusions 
considered the sex- and gender-related findings 
Only 3/102 reviews (3%) [102–104] considered the 
sex or gender-related findings in the conclusions. 
One of them mentioned the sex/gender implications 
for clinical practice by stating that “Siliconised cath- 
eters may be less likely to cause urethral side effects 
in men” [102]. The other two reviews considered the 
implications of sex/gender for research by stating 
that “sub-group analysis would give valuable data as 
to whether certain policies are more effective in sub-
groups such as females” [103], or “Future trials 
comparing suprapubic and intermittent urethral 
catheterisation for short-term use in hospitalised 
men should be conducted [...]” [104]. However, no 
review addressed the implications of sex/gender for 
policy and regulation. Table 5 details how the re- 
views considered sex or gender findings in their 
conclusions. 

Discussion 
Summary of main results 
One hundred thirteen Cochrane reviews assessed the ef- 
fects of interventions to prevent HAIs. Consideration of 
sex and gender in these reviews was practically absent. 
Several reasons may explain this inattention. 

First, SRs may replicate limitations or gaps in primary 
studies regarding their research question, their data ana- 
lysis, and the interpretation of their results [14]. Primary 
studies of hospital infection control interventions usually 
ignore sex, gender or having a gender identity that does 
not match one’s biological sex. Several reasons can ex- 
plain this inattention. For example, researchers may con- 
sider that making conclusions about these factors is 
challenging because hospital-based studies are often 
based on small sample sizes. Moreover, it is probably un- 
feasible for retrospective large primary studies, or those 
based on electronic records, to capture gender and sex 
differences because they are based on data sources that 
have not collected vital information, such as the assess- 
ment of biological sex by genotyping or the gender 
measurement by self-report. As a consequence, the in- 
cluded studies may not have reported the sex and gender 
distributions of the recruited samples. Alternatively, the 
authors may have just detailed that the study groups had 
equal numbers of males and females at baseline as a proxy 
for the randomisation success. Thus, sex was “controlled 
for” in the primary studies rather than considered to assess 
how the study outcomes vary across sex or gender groups 
[5]. Our study did not assess the data provided by the pri- 
mary studies, so we cannot confirm this. Nevertheless, 
other studies have highlighted that RCTs do not usually 
provide sex or gender disaggregated data [14, 36, 105–109], 
and that sex/gender policies have not resulted in significant 
increases in reporting results by sex [36]. On the other 
hand, the SRs included in our study did not even plan to 
perform any SGBA, so we think the lack of data in the in- 
cluded studies cannot entirely explain their lack of attention 
to sex and gender. 

Second, Cochrane launched the SGSR-AT [110] in 
2011, that is, the Cochrane guidance to integrate sex and 
gender in SRs is quite recent. Thus, the guidance was 
not available at the time of writing the protocols of the 
included reviews. In fact, 31 included reviews (27%) were 

Table 5 Reviews considering sex or gender findings in the conclusions 
 
 

% reviews (n/total number of 
reviews) 

 
 

Reviews considering sex or gender findings in the “Implications for clinical practice” section 1% (1/102) 

Reviews considering sex or gender findings in the “Implications for research” section 2% (2/102) 

Reviews performing SGBA that considered sex or gender findings in the “Implications for clinical practice” 
section 

33% (1/3) 

Reviews performing SGBA that considered sex or gender findings in the “Implications for research” section 33% (1/3) 

SGBA sex- and gender-based analysis 
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published in 2011 or before, and the 43 SRs published 
from 2012 to 2014 probably did not consider this guid- 
ance at their protocol stage. 

Third, the authors of the included SRs may have 
thought that sex/gender was not a relevant factor to 
consider when evaluating the effects of interventions to 
prevent HAIs. Again, this is possible, but we cannot con- 
firm that this was the case as the review authors did not 
make this assumption explicit in the reviews. 

Fourth, the review authors did not even consider the 
role of sex/gender while planning the review. This situ- 
ation is, in our opinion, the most plausible explanation 
and the most worrying one, as it denotes a knowledge 
gap about the potential relevance of sex and gender in 
these reviews. 

 
Overall completeness and applicability of evidence 
This study aimed to describe the extent to which Cochrane 
reviews of interventions for preventing HAIs consider sex 
and gender. We are quite confident that we have achieved 
our goal. Firstly, we have identified all the Cochrane reviews 
of interventions to prevent HAIs (we did not rely on a sam- 
ple of Cochrane reviews), and secondly, we have demon- 
strated that SGBA is practically absent in these reviews. 

Our study findings apply only to Cochrane reviews of in- 
terventions to prevent HAIs. Thus, we cannot infer that our 
study findings can be applied to Cochrane reviews of other 
health topics, or to non-Cochrane reviews. First, other 
Cochrane reviews may have incorporated the guidance of 
the Sex/Gender Methods Group [111]. Second, many inter- 
ventions to prevent HAIs are non-pharmacological, for ex- 
ample, the use of gloves or hand washing. The methods used 
to evaluate non-pharmacological interventions may differ 
from those applied to evaluate drugs, and this may imply a 
different approach to consider sex and gender. Third, there 
are other health areas where the consideration of the rele- 
vance of sex and gender may be more common than in in- 
fection control research. 

The findings of this study are relevant and confirm 
that the reviews did not consider the sex and the gender 
of the body of the evidence synthesised. Thus, these re- 
views do not provide critical information to judge the 
applicability of the results to the target population [112]. 
Also, the sex and gender characteristics should have 
been considered to judge the “indirectness” of the evi- 
dence with the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) system, and 
therefore, to rate the quality of that evidence [113]; how- 
ever, we have demonstrated that this was not the case. 

The tables of characteristics of the included studies are 
essential to describe the sex and the gender of the sub- 
jects considered within each study. In our opinion, the 
relevant information is the sex and gender characteris- 
tics of the sample from which the study results were 

 
obtained (and not the inclusion criteria of the study). 
However, specific guidance to collect and report this in- 
formation in Cochrane reviews is still lacking. 

 
Strengths and limitations of this study 
Strengths 
We made efforts to identify all the Cochrane reviews 
assessing the effects of interventions to prevent HAIs. We 
obtained all the Cochrane reviews published in CDSR 
until December 31st, 2016 and screened all these records. 
To minimise bias, at least two authors independently par- 
ticipated in the selection process, and, in case of disagree- 
ment, a third author was consulted. We also defined and 
applied explicit exclusion criteria which made the process 
even more rigorous. 

We determined the sex/gender content of each review 
with the SGAT-SR. Again, to minimise bias, at least two 
reviewers (JLA and ES or SCN) independently partici- 
pated in the assessment. In case of disagreement, a third 
reviewer (JZ) was consulted. Furthermore, to improve 
the consistency we piloted the tool with several reviews, 
and we prepared a user guide. 

The SGAT-SR helped us to assess how the different 
Cochrane review sections had considered sex and gender. 
We chose this tool because it is recommended by the Sex/ 
Gender Cochrane Working Group [54]. Moreover, we per- 
formed an extensive search up to April 2017 that revealed a 
lack of additional sex- and gender-specific appraisal tools 
for SRs. As the tool had already been used to assess SRs on 
cardiovascular diseases, we were able to better understand 
the tool’s content by comparing our judgments with those 
presented in the published article [14]. Independent subject 
experts had also reviewed the tool to ensure consistency 
with common understandings of the concepts of sex and 
gender and to ensure compatibility with Cochrane review 
format and style [14]. 

 
Limitations 
This study aimed to assess how the reviews had been con- 
ducted, and not how they had been reported. However, we 
did not write to the review authors to obtain any missing, 
incomplete, or unclear information. Thus, we made as- 
sumptions for information that was not clear by reading 
the review: we generally considered that the lack of report- 
ing of a particular aspect meant that this was not done. 
However, this may not represent what the reviewers did. 

During the selection and data extraction processes, we 
were not masked to the review team or institution. More- 
over, JLA and SCN were the authors of this methodology 
study and three of the included reviews [114–116]. How- 
ever, we prevented that this fact influenced the decisions, 
as the selection and extraction processes were done by at 
least two authors independently, and, in case of disagree- 
ment, we consulted a third author. 
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We did not measure the reliability of the SGAT-SR 
judgements (for example, by obtaining the kappa statistic), 
so we cannot confirm that our decisions were reliable. 

We encountered some challenges with the use of the 
SGAT-SR. First, the tool needs to be more operative and 
manageable, that is, it should provide specific guidance 
with examples taken from other reviews. Second, it is 
not clear if some items of the tool refer to the planning 
of the review or to what the review finally did. Third, 
the tool should suggest when an item is not applicable; 
for example, for reviews with no included studies, it is 
not clear if the items related to the results must be an- 
swered as “not meeting the criteria” or as “not applic- 
able”. Fourth, the tool does not allow explicit assessment 
on the dimension of sex and the dimension of gender 
separately. It gathers both dimensions in the same ques- 
tions. We think that each of these two domains warrants 
a focused appraisal. Fifth, the tool does not assess rele- 
vant sections of a Cochrane review, such as the abstract, 
the plain language summary, the discussion, or the sum- 
mary of findings tables. 

As stated in the methods section, we considered that 
it was not applicable to use the SGAT-ST for reviews of 
topics focused on one sex, such as pregnancy or delivery. 
We decided this because we felt that the SGAT-SR was 
not developed to assess both features, sex and gender, 
separately. However, although it did not apply to the as- 
sessment of the sex content for these reviews, it was still 
relevant to assess how the gender was addressed. 

Finally, it is noteworthy that although sex and gender are 
important factors in clinical research [90], more work is 
needed to standardise the way sex and gender are measured 
and reported, and the methods to determine how these fac- 
tors influence health and health care [90]). There is no con- 
sensus on how to disaggregate demographic and outcome 
data by sex, gender, or both, or on how to report this infor- 
mation. Therefore, the report of crucial information on sex, 
gender, or both, is incomplete in primary studies and system- 
atic reviews. In the end, this lack of consensus moves away 
from a personalised medicine approach. 

 

Agreements and disagreements with other studies or 
reviews 
Our results are consistent with another study describing 
the consideration of SGBA in Cochrane reviews in the 
area of cardiovascular health [14], which also concluded 
that SGBA was practically absent in this sample of 
Cochrane reviews. In this line, our study supports the 
idea that current Cochrane reviews do not consider sex 
and gender, and that there is much room for improve- 
ment in this aspect. It is also noteworthy that, to our 
knowledge, only one study has appraised the SGBA done 
in Cochrane reviews [14]. 

 
This gap does not only affect Cochrane reviews, as it is 

also present in non-Cochrane ones. In fact, SRs do not often 
analyse or report equity issues in general [38, 46–49], and 
sex/gender in particular [17, 25, 26, 33, 35]. 

 
Conclusions 
Main conclusions of this study 
Consideration of sex and gender in Cochrane reviews of 
interventions for preventing HAIs was practically absent. 
This lack of attention to sex and gender reduces the 
quality of Cochrane reviews, and the applicability of 
their results for all people: women and men, boys and 
girls, and people of diverse gender identities. 

 
Recommendations derived from this study 
Cochrane should map the consideration of sex and gender 
in all Cochrane reviews and, if necessary, plan how to ad- 
dress the shortfalls detected efficiently. 

Cochrane should continue encouraging review authors 
to consider sex and gender in their reviews. 

The SGAT-SR helps to assess how sex and gender 
have been considered in a Cochrane review, although 
this tool has some room for improvement. 

Cochrane should provide review authors with more opera- 
tive guidance to consider sex and gender in Cochrane reviews. 
Cochrane guidance to consider sex and gender in 

Cochrane reviews should be updated, validated, and re- 
quired to meet the Methodological Expectations of 

Cochrane Intervention Reviews (MECIR) standards. 
Primary studies should consider sex and gender differences 

in their research questions, data, analyses, interpretation and 
reporting of the study results. This approach will facilitate 
the consideration of sex and gender in systematic reviews 
and meta-analyses. 
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