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LAY ABSTRACT 
All recommendations about healthcare interventions (from common medicines to 

strategies to prevent diseases) should ideally come from an adequate synthesis (e.g., 

systematic reviews) of the least biased studies. Many researchers and authors of 

health syntheses consider randomized studies (RS), the ‘gold standard’ to 

demonstrate if an intervention is truly effective. Unfortunately, they are not always 

available, feasible, or ethical to conduct. Non-randomized studies (NRS), also called 

observational studies, can potentially provide complementary evidence for a 

research question. Unfortunately, they are usually considered of poorer quality 

because of their intrinsic nature of being prone to bias and confounding. In most 

circumstances, authors of syntheses discard these types of studies from the outset, 

without considering their potential for providing evidence that could complement or 

even replace that from randomized studies.  

This work aims to improve this situation by offering methods for evaluating the 

appropriateness of integrating both RS and NRS, guiding authors and researchers 

in cases where this is possible, hence increasing the certainty in a body of evidence 

and help all stakeholders reach decisions. 
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ABSTRACT 
Randomized studies (RS) are considered the best source of evidence for knowledge 

syntheses (e.g., systematic reviews, health technology assessments, health guidelines, 

among others) about healthcare interventions. Historically, non-randomized studies 

(NRS) have been usually discarded from knowledge syntheses of interventions due 

to their intrinsic risk of bias and confounding, and they are used only when RS are 

considered unfeasible or unethical to conduct. With better research methods in 

observational studies and new tools for the evaluation of risk of bias, NRS are more 

likely to be a helpful source of information when used as replacement, sequential, or 

complementary evidence. This, together with the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) approach, provide an 

opportunity for guiding decisions about using RS and NRS in knowledge synthesis 

and increasing our certainty in a body of evidence. 

This work aims to improve research synthesis methods by assessing the role and use 

of RS and NRS in knowledge syntheses using GRADE. This can help health 

professionals, researchers, guideline developers, and policy-makers build better and 

more complete healthcare recommendations. 
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CHAPTER 1. INTRODUCTION 
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1. Better evidence for better outcomes 

Better health outcomes require health professionals and policy-makers reaching the 

right decisions and providing the best recommendations with the best research 

evidence available. Failing to base recommendations on the best research evidence 

risks transmitting incomplete, misguided, or biased information. This applies at all 

levels of the healthcare system: from the care of individuals to the creation of policies 

for a whole population.  

Better methods to synthesize evidence will help practitioners and policy-makers to 

keep abreast of the literature related to their topic or problem. One of the main 

challenges of the 21st century is to guarantee a process that facilitates the transfer of 

high-quality evidence from research into effective changes in health policy, clinical 

practice, or products; in other words, how to ensure an adequate knowledge 

translation process.1  

Looking for alternate or new methods in evidence synthesis is desirable and 

necessary, and can help patients and all decision-makers understand the outcomes 

associated with their treatment choices and the consequences of their decisions. 
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2. Knowledge syntheses about health care 
interventions 

Knowledge synthesis is defined as any systematic review, rapid review, health 

technology assessment,* or any other attempt to summarize all pertinent studies on 

a specific question.2 In the last decades, knowledge syntheses, in the form of 

systematic reviews, HTAs, and clinical practice guidelines, have had an important 

role in shaping health policies, and improving the process of translating evidence 

into clinical practice.3 Knowledge syntheses rely on an adequate source of research 

in the form of individual studies that authors use and distinguish as two main types, 

based on their design: randomized (RS) and non-randomized studies (NRS). 

Many of the recommendations provided by knowledge syntheses are related to 

health care interventions;† for example, if clinicians should recommend antibiotics 

to all patients undergoing mechanical ventilation in the intensive care unit; or if 

nurses should delay oral feeding to all patients with acute pancreatitis; or if a policy 

related to the procurement of magnesium sulfate for the treatment of eclampsia in 

low income countries should be put in place after recommending being part of the 

World Health Organization list of essential drugs. 

                                                             
* We will use these terms indistinctively throughout this dissertation. 
† In this dissertation, the focus will be on healthcare interventions, i.e., medications, behavioral 
interventions, etc. as opposed to exposures, which are evaluated elsewhere. 
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3. Randomized and non-randomized studies in 
knowledge syntheses 

Through history, the effectiveness of health care interventions had not been 

consistently and scientifically tested until the mid-eighteenth century, when James 

Lind first examined the effect of citrus fruits as treatment for scurvy by conducting 

the first properly documented clinical trial.4 Since then, most studies evaluating 

interventions were tested in a non-randomized fashion. The first acknowledged 

transition from alternation to randomization in clinical studies occurred in 1946 to 

1948 with what is considered the first published randomized controlled trial,5 where 

famous statistician, Sir Austin Bradford Hills, decided to randomly allocate patients 

with tuberculosis to bed rest plus streptomycin versus bed rest alone. ‡ 6, 7 

Subsequently, RS and NRS have been considered entirely different (sometimes, 

even opposites) methodologies in health research. The RS became the preferred type 

of individual study to include in knowledge syntheses of interventions because of the 

widely-known risk of bias and confounding that NRS carry due to lack of 

randomization to assign participants to the study interventions. According to one 

report,8 the empirical observations that NRS significantly differ and would give 

dissimilar results from RS originated from studies performed during the 1970s and 

                                                             
‡ Interestingly, Bradford-Hills’ main motivation was not to avoid confounders but to "better conceal the 
allocation schedule." 
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1980s stating that NRS tend to inflate positive results as compared to RS; for 

example, in the study by Chalmers et al.,9 56% of non-randomized studies produced 

favourable treatment effects, as compared with 30% of blinded, randomized, 

controlled trials; the study by Sacks10 determined that while 20% of randomized 

studies found a benefit of a therapy studied, 79% of non-randomized studies 

(assessing the same comparisons) concluded the same treatment was successful. 

Other studies from the same period gave similar results.11  

As we will review in Chapter 2, these views were challenged with new reports 

assuming newer, stricter, and more sophisticated methods used in later decades, and 

up until today, exercising better statistical analyses and using better computerized 

data sets to perform NRS.12 These measures may serve to reduce systematic error 

commonly found in NRS.8 Furthermore, recent evidence suggests that many 

additional factors, other than study design and execution, should be considered 

when determining the possibility of integrating§ RS with NRS.13 

4. GRADE and non-randomized studies 

The GRADE methodology emerged as an instrument for evaluating a body of 

research evidence, and has now been adopted by many organizations.14 GRADE is 

                                                             
§ For the remainder of this dissertation, unless stated otherwise, we will use the term “integration” referring 
to any form of using RS and NRS together, either in the same synthesis, in the same summary of findings 
(same table but separated in rows), or in the same analysis (pooled into a single estimate). 
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utilized to evaluate a group of studies, either RS or NRS. The premise of this method 

is to base their assessments by rating the importance of the outcomes, and based on 

these, proceed to rate a body of evidence for each outcome of the PICO question. 

The GRADE approach then rates the certainty of the evidence, also called “quality” 

or “confidence” (see box 1). GRADE uses eight different domains; five that upgrades 

the certainty in the evidence, and three that downgrades it (figure 1) to obtain a final 

overall rating of the evidence. The final ratings of the certainty of the evidence can 

be classified as ‘high’, ‘moderate’, ‘low’, or ‘very low’. An important notation is the 

different baseline rating GRADE assigns by default to a body of evidence; if this is 

from RS, the certainty will start as ‘high’, while if it is from NRS, it will start as ‘low’, 

as shown in figure 1. 

  

Box 1. In the context of a systematic review, the ratings of the 'quality' or 

'certainty’ of the evidence reflect the extent of our confidence that the 

estimates of the effect are correct.  

In the context of making recommendations, the certainty of the evidence 

reflects the extent of our confidence that the estimates of an effect are 

adequate to support a decision or recommendation. 
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This is important and central to this dissertation; it is a core element related to the 

reasons NRS are considered as providing less certainty, mainly due to the lack of 

randomization generating the risk of confounding.  

An important instrument that will be mentioned in this work is the new tool for 

assessing the risk of bias in non-randomized studies of interventions (ROBINS-I).15 

Many tools have been developed for evaluating the risk of bias in individual studies 

classified as “observational” or non-randomized. To this day, more than 200 exist.16, 

17 However, as we will review in chapters 3 and 4, all these tools starts by comparing 

the study being evaluated to what it would be considered an ‘ideal’ observational 

study. ROBINS-I, on the other hand, starts by asking: “How would this 

observational study be performed, if it was possible to do it in a randomized 

fashion?” and, “how it compares to this ‘ideal’ trial (also called ‘target’ trial)?” In 

other words, ROBINS-I uses an absolute scale of risk of bias that includes all types 

of studies –RS and NRS. This implies that the assessment of confounding and 

selection bias are integral parts of the tool. ROBINS-I has undergone careful 

development by a large group of experienced investigators. It has been tested and 

scientists have begun to validate it, and experience will continue to accumulate. It 

will represent a significant part of the discussion in this work. For a clarification in 

the terminology used between GRADE and ROBINS-I, see the definitions in box 

2. 
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5. Why is this research important? 

Knowledge syntheses provide vital information for decision-making in many 

healthcare areas, and it is important to ensure that their methods are appropriate 

and the information they provide is complete and trustworthy. Although researchers 

consider RS the first choice to include in syntheses of interventions, they might fail 

to observe the whole picture if NRS are always excluded.  

Assessing the appropriateness of integrating RS and NRS in knowledge syntheses is 

important and with several advantages. Vital information contained in observational 

studies can increase our certainty in the effect estimates by complementing the 

information from RS, replacing it, or used sequentially.18 This would have a domino 

effect in the knowledge translation process when stakeholders and decision-makers 

Box 2. Analogies in the terminology used between GRADE and ROBINS-I.  

Based on GRADE guidance, we will use the term GRADE “criteria” for all 

criteria in the evidence to decision frameworks of GRADE (within these 

criteria, the “certainty in the evidence” is one criterion). Certainty of the 

evidence is assessed based on “certainty domains” with individual items 

within each domain. Risk of bias is one domain, therefore, in the context of 

GRADE, we will use the term risk of bias items to describe the seven areas of 

judgment that ROBINS-I calls domains. 
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will have a better understanding of a more complete body of evidence as tools to 

improve health outcomes.  

Today, most authors conducting a knowledge synthesis about health interventions 

start by setting their eligibility criteria for the included studies to only RS and stop 

the process of collecting information if they do not find adequate data applicable to 

their clinical question, and many do not even consider other sources of evidence.19 

Nonetheless, researchers conducting evidence syntheses will frequently encounter 

well-known caveats of RS such as unavailability due to impracticability or ethical 

issues.19 Given these situations researchers must consider relying on evidence 

obtained from NRS. Currently, many authors already integrate RS and NRS in 

knowledge syntheses of interventions,16, 19 but in many of them, the reasons to 

include or exclude NRS, or even the methods to achieve their integration with RS, 

are not discussed in detail. Guidance is desirable and, moreover, necessary. 

There have been attempts to guide authors of knowledge syntheses to address the 

issue of integrating NRS and RS.16, 17 However, they only address the 

methodological issues considering individual studies, and do not contemplate the 

certainty in a body of evidence; furthermore, it is not well explored how the GRADE 

approach, together with the new tool for assessing the risk of bias in NRS of 

interventions (ROBINS-I), might support considering these diverse evidence 

streams.15 
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6. Goals and scope 

This dissertation aims to: 

a. Provide an overview, including the historical background and rationale for 

including NRS with RS in systematic reviews of interventions, and obtain the 

perceptions, preferences, and practices from experts in synthesizing evidence, 

including what it is currently done, and the reasons behind it. Also, to review. 

b. Analyze the options for the optimal use of RS and NRS in health syntheses 

by using the GRADE approach in evidence profiles and summary of findings 

tables, by evaluating different methodological challenges of the integration, 

and the possible solutions. This will include analyzing the differences between 

RS and NRS in the GRADE domains (including risk of bias), differences in 

direction and magnitude of the effects, and how to portray both bodies of 

evidence in GRADE tables, i.e., summary of findings (SoF) tables and 

evidence profiles (EP). 

c. Generate a sensible and comprehensive guidance that is feasible and easy to 

follow for all authors invested in knowledge syntheses of healthcare 

interventions; either from the perspective of systematic reviews, or that from 

health guidelines.  
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To achieve these goals, there are three main works around each of these three main 

topics. The first part consists of a scoping review of the literature, including 

background and historical perspective, followed by a survey to experts in the field of 

knowledge syntheses (from Cochrane, G.I.N., the WHO, and the GRADE working 

group) to obtain their preferences of when and how they integrate RS and NRS. 

The second goal is achieved through qualitative analyses of discussions with experts 

in the field that took place during different GRADE and Cochrane meetings and 

conferences over the last three years. During these meetings, an initial guidance was 

drafted and refined with real scenarios of knowledge syntheses through an iterative 

process of discussion and feedback. This second paper assesses each challenge 

encountered in the process of a possible integration of RS and NRS using real life 

research questions as case studies and discussing the differences between RS and 

NRS within the GRADE domains and other issues such as the feasibility of the 

process. 

The third, and final part, is the overarching product that is presented to the GRADE 

working group as official guidance. This includes guidance from the outset, at the 

protocol stage of a systematic review to the assessment and presentation of both 

bodies of evidence assessing specific scenarios; for example, what to do if a systematic 

review author finds a body of evidence of RS with low certainty but a body of 

evidence of NRS with moderate certainty? 
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The results of this project are important for methodologists, statisticians, researchers, 

clinicians, policy-makers, and every professional that is confronted with evidence 

from both RS with NRS in a health-related knowledge synthesis 

7. Thesis overview 

This dissertation is about improving methods for synthesizing evidence. Its focus is 

on increasing the certainty of a body of evidence, when appropriate, with the 

integration of RS and NRS. This work is divided in three main sections based on 

the three goals described above. These topics are evaluated and discussed in 

Chapters 2, 3, and 4 of this thesis, with an overall discussion and conclusion in 

Chapter 5. 

Chapter 2 assesses the first goal, i.e., the perceptions, behaviors, common practice 

and preferences from experts. Chapter 3 deals with assessment, presentations, and 

discussion of the different methods that will help authors with the integration of RS 

and NRS. Chapter 4 is the final proposed guidance of the GRADE working group. 

Chapter 5 will summarize and provide conclusions of this project and speaks to the 

challenges and future steps.  
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Figures 

Figure 1. The GRADE approach 

 
 
Figure 1. The GRADE approach to rate a body of evidence of randomized or non-randomized studies for a 
health synthesis. *GRADE suggest usually rating up only non-randomized studies. See text for description. 
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Abstract 

OBJECTIVES: Health care decision makers may need evidence from randomised 

and non-randomised studies to understand the effects of interventions. Our objective 

is to review the literature and obtain preferences and perceptions from experts 

regarding the role of randomized studies (RS) and non-randomized studies (NRS) in 

systematic reviews of intervention effects. 

STUDY DESIGN AND SETTING: We conducted a scoping review and surveyed 

experts in this field. Using the levels of certainty framework developed by the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

working group, experts expressed their preferences and decisions about the use of 

RS and NRS in health syntheses. 

RESULTS: Of 189 initial respondents, 123 had the expertise required to answer the 

questionnaire; 116 provided their extent of agreement with approaches to use of 

NRS with RS. Most respondents would include NRS when RS was unfeasible 

(83.6%) or unethical (71.5%) and a majority to maximize the body of evidence 

(66.3%), compare results in NRS and RS (53.5%) and to identify subgroups (51.7%). 

Sizable minorities would include NRS and RS to address the effect of randomization 

(29.5%) or because the question being addressed was a public health intervention 

(36.5%). In summary of findings (SoF) tables, most respondents would include both 
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bodies of evidence – either separately in the same table or in separate tables – when 

RS provided moderate, low, or very-low certainty evidence; even when RS provided 

high certainty evidence, a sizable minority (25%) would still present results from both 

bodies of evidence. Very few (3.6%) would ever, under realistic circumstances, pool 

SR and NRS results together.  

CONCLUSIONS: Most experts would include both RS and NRS in the same 

review under a wide variety of circumstances, but almost all would present results of 

two bodies of evidence separately.  

KEYWORDS  

Systematic reviews; Randomized trials; Non-randomized trials; GRADE; clinical 

practice guidelines; Research methodology. 
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1. Introduction 

Randomized studies (RS) provide the best source of evidence for systematic reviews 

of healthcare interventions. 1 Non-randomized studies (NRS) addressing the effects 

of interventions are defined as “quantitative studies estimating effectiveness (harm 

or benefit), which did not use randomization to allocate units (individuals or clusters 

of individuals) to comparison groups” 2.  

From an epistemological point of view, RS and NRS of interventions or exposures 

have more common traits than dissimilarities. Both aim at providing insight about 

‘causation’, i.e., an intervention or exposure that is truly linked to an effect. In rare 

situations (e.g., epinephrine for anaphylactic shock, or dialysis for terminal renal 

failure), large effects of interventions will establish causation, making confounding 

and other biases of less concern and providing certainty in a large effect. In these 

cases, RS will be unnecessary - and unfeasible and unethical - to conduct. Moreover, 

for purposes such as assessing risk factors, and obtaining prognostic information and 

baseline risks, NRS provide the optimal study design. 3, 4 

Unfortunately, most health interventions have moderate to small effects (i.e., risk 

reduction), with biases, imprecision, or inconsistency among studies that will restrict 

the certainty in a body of evidence. 5-7 Although both RS and NRS try to use 

adequate sample sizes to minimize imprecision, and methodological rigor to reduce 
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bias, most experts consider concealed randomization as the best methods that can 

protect fully against confounding.2 The extent of the superiority of RS over NRS is, 

however, a matter of dispute. NRS try to deal with confounding using multivariable 

analyses (standard regression and propensity), and matching. However, many 

experts believe that, even after optimal adjusted analysis, residual confounding 

remains a major issue reducing certainty of evidence, and thus consider RS far 

superior to observational studies in establishing causation. 8, 9 Others authorities 

describe NRS as “real world research”, and that newer NRS analysis approaches 

employing causal inference techniques, such as instrumental variables, marginal 

structural models, propensity scores, among others, can to a certain extent address 

concerns of selection bias and confounding,4, 10, 11 and that in particular 

circumstances, NRS may provide higher certainty than RS or help with judging the 

confidence in RS. 

Experts from both camps have addressed reasons for using both RS and NRS in the 

same systematic review, or exclusively using NRS, and suggested approaches for so 

doing.5, 12-17 For example, a recent framework,5 using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) certainty of 

evidence as guide, suggests that NRS evidence can prove useful in a systematic 

review addressing the causal effect of an intervention in the circumstances described 

in Box 1. 



Ph.D. Thesis – Carlos A. Cuello-Garcia; McMaster University – Health Research Methodology 

 23 

 

There is also a strong opinion among policy-makers and stakeholders that the 

evidence from NRS should be used more efficiently, especially when RS could be 

absent.18 However, little is known about the practice and concerns by experts and 

if using NRS and RS is appropriate. There is debate about how the evidence from 

RS and NRS should be presented when both are available, traditionally, in summary 

of findings tables (SoF) and evidence profiles. From its inception, the GRADE 

approach has provided a framework for how to assess a body of evidence from either 

RS or NRS, but this evidence is assessed and presented to decision makers 

separately. 

In this work, we utilized a mixed-methods approach to understand expert 

perspectives on the use of RS and NRS in knowledge synthesis. First, we performed 

Box 1. Role of NRS in systematic reviews 

Replacement: when NRS are used instead of RS for several reasons; ie., because 

they are unethical, not available or they are of very poor quality, and thus NRS 

provide the best available evidence. 

Sequential: when RS provide the best evidence for some outcomes, but not for 

others (rare or possibly long-term outcomes).  

Complementary: when RS leave effects uncertain in patient groups (i.e., 

children, pregnant women, the elderly) not included in RS. 
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a scoping review limited to reviews and overviews that describe the differences 

between RS and NRS of healthcare interventions. Second, we obtained and 

analyzed the knowledge, attitudes, and perceptions of systematic review authors 

about regarding the use of RS and NRS by focusing on different levels of certainty 

of the evidence and how to present in GRADE tables. We exclusively focus on NRS 

of interventions (as opposed to exposures). This paper is part of a broader project to 

provide guidance on the appropriateness and methods for using RS and NRS in 

knowledge syntheses. 

2. Methods 

2.1 Scoping review 

We performed a focused search for overviews and systematic reviews to assess the 

differences and similarities between RS and NRS, this is, whether RS and NRS have 

different effect estimates on the same health question. We also looked for essays and 

narrative reviews for a historical background perspective of the reasons to include 

NRS in knowledge syntheses. We searched The James Lind Library (from inception 

to July 2017), Medline (from inception up to July 2017), and the Cochrane Library 

(from inception up until July 2017) using an updated search strategy based on a 

recent Cochrane overview.4 We searched for additional references in included 

reviews. We used the “similar articles” and “citing articles” features from Medline 
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to identify additional relevant articles. From these we checked references related to 

the history of systematic reviews and the study design of the included studies (see 

Appendix 1 for a complete description of the search strategies). We exclusively 

focused on NRS of interventions (as opposed to environmental or occupational 

exposures, i.e., unintentional interventions). 

2.2. Survey 

We contacted experts in knowledge synthesis, i.e., from Cochrane, the Guideline 

International Network (GIN), and mailing lists of recognized institutions that 

regularly produce evidence syntheses (e.g., World Health Organization). We 

involved members of the GRADE Non-Randomized Risk of Bias Project Group 

using online meetings and during workshops at the GRADE working group 

meetings (Cochrane Colloquium in Vienna 2015, and Washington D.C. in May 

2016). We surveyed experts from the aforementioned organizations to obtain their 

understanding, attitudes, and preferences about the use of NRS and RS in 

knowledge syntheses as well as their inclusion within GRADE summary of findings 

tables. We pilot-tested a questionnaire among 20 methodologists from McMaster 

University and the Cochrane Methods group. Based on their feedback, we modified 

the survey to improve the clarity and relevance of the questions. The final online 

version consisted of five introductory and demographic questions, five questions 

addressing their expertise conducting systematic reviews (with and without NRS), 
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and the rest of 13 questions about their understanding, attitudes, and preferences 

regarding the use and integration of NRS with RS applying the GRADE approach 

to four hypothetical scenarios.  

One of the latter group of questions asked respondents whether they had included 

RS and NRS in a systematic review, and if so, the approach they had used (e.g., in 

a single analysis; in side-by-side analyses). Four questions asked respondents for 

narratives regarding reasons for including or excluding NRS from systematic reviews 

of RS. One question asked respondents for their level of agreement (strongly agree 

to strongly disagree) regarding eight reasons (formulated as eight questions) for 

including NRS in a systematic review. These reasons were obtained from previous 

analyses and the Cochrane handbook.5, 16 We matched these reasons to one of the 

three categories related to the use of NRS in systematic reviews (box 1). Question 1 

was categorized to the use of NRS as “sequential” evidence; question 2 reflected the 

use of NRS as “replacement”, and question 5 referred to the use of NRS as 

“complement” evidence in systematic reviews. The rest of questions (questions 3, 4, 

6, 7, and 8) were grouped and considered as methods and applicability questions.  

Respondents were then presented with four scenarios (e.g., high certainty evidence 

is available for both RS and NRS) and asked how they would handle the situation 

(combine and present in a single analysis; present separately in single SoF table; 

present separately in two SoF tables; use only RS; or use only NRS). 
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We estimated an approximate finite number of 150 to 200 experts, based on 

distribution lists from the organizations aforementioned, that would have potential 

expertise and knowledge on the GRADE approach and systematic reviews; this was 

considered the target population. Estimating a response rate of 50% and a 

confidence interval of 95%, a total of 132 respondents were needed. We performed 

descriptive analyses to summarize participant characteristics. Our estimates are 

based on available cases. We used the χ2 test with contingency tables to compare the 

proportion of responses between various groups of questions according to different 

levels of certainty in the evidence among RS and NRS. 

We performed analyses using SPSS version 21 (IBM SPSS Statistics for Mac) and 

Excel for descriptive statistics. The survey was anonymous and informed consent 

was waived by the ethics committee serving McMaster University. We received 

support from a Cochrane Methods Innovation grant, the National Toxicology 

Program within the National Institutes for Health, and the McMaster GRADE 

centre. 

3. Results  

3.1. Scoping review 

Among 15,645 references from Cochrane and Medline, we found one Cochrane 

overview assessing the differences between RS and NRS,4 which includes 14 
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systematic reviews comparing effect estimates between RS and NRS. No further 

reviews on this topic were found. We assessed 184 records, 152 articles, and 23 essays 

in The James Lind Library; from these we found that the earliest documented 

transition from alternation to randomization for allocating participants in clinical 

studies could be traced to 1948 19, 20 with the first randomized trial on streptomycin 

for tuberculosis. Since then, scientists have regarded NRS and RS as distinct 

(sometimes even opposite extremes) study types for inclusion in systematic reviews.21 

The empirical observations that NRS significantly differ from RS originated from 

studies performed during the 1970s and 1980s stating that NRS tend to inflate 

positive results as compared to RS.22-25 These views were soon challenged when 

NRS from later decades were assumed to use newer, stricter, and more sophisticated 

techniques, with better statistical analyses and computerized datasets. 3, 26-34 The 

recent overview by Anglemyer4 analyzed 14 systematic reviews, of which 11 (79%) 

found no significant difference between RS and NRS, one suggested that NRS had 

larger effects, and two found to have smaller effects. 

3.2. Survey results 

A total of 189 experts in the field of systematic reviews and clinical guidelines were 

approached and invited to participate, of whom 138 completed the survey. One 

hundred and twenty-three of those completing the survey (89%) had the minimum 

required experience (at least one systematic review conducted in the last five years) 
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for inclusion in our analysis. Of the 123 respondents, 108 (87%) had conducted at 

least three systematic reviews and 112 (91%) described using GRADE and summary 

of findings tables on a regular basis (table 1). 

Eighty of the 123 respondents had conducted at least one systematic review that 

included both RS and NRS (see figure 1). The most frequent approach they used 

(39 of 80 respondents –48.8%) was to conduct separate meta-analyses (one for each 

body of evidence). Of the 80 respondents, 14 (17.5%) had, on at least one occasion, 

pooled RS and NRS in a single meta-analysis. 

Of the respondents, 116 reported the extent of their agreement with reasons for 

including RS and NRS in the same review5, 16 (figure 2) and were classified according 

to the criteria in box 1. Of the 116 respondents 97 (83.6%) strongly agreed or 

somewhat agreed to include a body of evidence from NRS if it serves as sequential 

information, 83 (71.5%) if NRS serves as replacement, and 77 (66.4%) if it serves as 

complement. 

One hundred and twelve participants assessed four possible situations for the 

presentation of bodies of evidence from both RS and NRS presented as four 

simulated scenarios (depicted in figure 3). In three of the four scenarios (A, C, and D 

from figure 3), most respondents (52 [72%], 98 [86.8%], and 88 [78%] respectively) 

would present data from both RS and NRS separately, either in a single SoF table 
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or each in its own table. When high certainty evidence was available from RS but 

lower certainty from NRS, preferences varied markedly: 45 (40.2%) would use only 

RS, but 64 (57.1%) would present both sets of data separately, either in the same or 

separate SoF. Responses to this scenario differed significantly from any of the others 

(p<0.001). 

We asked participants if they would ever consider pooling RS with NRS in meta-

analyses in any of these scenarios. Of 102 respondents, 51 (50%) would not consider 

combining, and most others would consider combining only if both bodies of 

evidence were of high quality (table 2). We analyzed the comments from those 

willing to pool both bodies of evidence in a meta-analysis; nine experts agreed with 

pooling as long as both had low risk of bias and performing a sensitivity analysis; 

also, when a perfect matching of the clinical (PICO) question was found (n=4), no 

heterogeneity (n=6), similar direction of effect (n=2), or when the RS was poorly 

conducted study and the NRS would be of low risk of bias (n=3). Table 2 presents 

other responses to the survey questions.  

4. Discussion 

4.1. Summary of findings 

In this study, we evaluated experts’ views on the inclusion of RS and NRS in 

systematic reviews. Of the respondents, 90% used GRADE summary of findings on 
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a regular basis, and 65% had included RS and NRS in at least one review. Most 

respondents would include NRS when RS was unfeasible or unethical, and a 

majority to maximize the body of evidence, compare results in NRS and RS and to 

identify subgroups (Figure 2). Sizable minorities would include NRS and RS to 

address the effect of randomization or because the question being addressed was a 

public health intervention 

In summary of findings (SoF) tables, most respondents would include both bodies of 

evidence – either separately in the same table or in separate tables – when RS 

provided moderate or low certainty evidence; even when RS provided high certainty 

evidence, a sizable minority would still present results from both bodies of evidence 

(Figure 3). Although half of respondents would consider pooling RS with NRS when 

the latter are of high certainty, this was considered an unlikely scenario and very few 

would ever, under realistic circumstances, pool RS and NRS (Table 2).  

4.2. How our results compare to other research? 

Previous research has mainly focused on analyzing the frequency, methodological 

constraints, and suggestions for use of NRS in systematic reviews of effects of 

interventions. 5, 12-16. In our study, we aimed to obtain the knowledge, attitudes, and 

perceptions from experienced systematic review authors and guideline developers 

about the integration of evidence from NRS with RS in systematic reviews at 
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different levels. To our knowledge this is the first attempt to systematically obtain 

such data from experts in research methodology. 

4.3. New developments that impact on the existing 
perceptions and practice 

Obtaining higher certainty evidence, at least for some outcomes (such as infrequently 

occurring serious adverse effects) provides one compelling rationale for including 

NRS in systematic reviews of interventions either as complement, sequential or 

replacement for RS 5 While this integration is occurring in practice, improvement 

in the risk of bias assessment and statistical analysis of observational methods, and 

enthusiasm for comparative effectiveness addressed in observational studies, has 

reenergized the debate regarding the relative merits of RS and NRS, and thus 

considerations regarding their inclusion together in systematic reviews. One such 

development, ROBINS-I 2, provides a new instrument for evaluating the risk of bias 

in NRS of interventions; it is based on the premise that any NRS could be compared 

to an ideal RS called ‘target trial’. This implies that a NRS with low risk of bias is 

theoretically equivalent to a well-performed RS. Thus, it allows an assessment of risk 

of bias in NRS on the same metric as RS. Given this, there is a theoretical increased 

likelihood of considering RS and NRS to provide similar certainty of evidence, and 

thus a stronger rationale for their inclusion in the same systematic review. 

4.4. Strengths and limitations 
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We constructed our questionnaire based on a review of prior literature and the 

GRADE conceptual framework, and pre-tested the questionnaire to ensure clarity 

and ease of completion. We achieved a high response rate. Our survey is limited in 

the total sample size given the relatively small number of systematic review authors 

with expertise in the GRADE approach and in use of NRS in systematic reviews. 

4.5. Implications for research 

These results will provide a baseline assessment from which further work by a 

GRADE project group and the Cochrane GRADE Methods group, supported by a 

Cochrane Methods Innovation Fund, will determine the best approaches for use of 

RS and NRS in systematic reviews and Summary of Findings Tables. We will 

address how the use of NRS affects GRADE domains and the overall certainty of 

evidence. For example, how should NRS that address concerns about indirectness 

in RS but are at higher risk of bias be assessed and integrated in the SoF table and 

affect the overall certainty in the evidence? We aim to continue investigating the best 

mode of integration by using GRADE.  

5. Conclusions 

Experts see a wide variety of circumstances in which RS and NRS can provide 

complementary, sequential or replacement information in systematic reviews, 

including their presentation in GRADE SoF tables. Future research will evaluate the 
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specific assessment on each GRADE domain between both bodies of evidence and 

help with the utilization of new risk of bias tools. The work to improve observational 

methods and the GRADE approach for evaluating and presenting this evidence 

provides new and exciting opportunities to move forward from the traditionally 

historical perspective of keeping these two bodies of evidence separate and distinct. 
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Table 1. Baseline characteristics of survey respondents 

Characteristic 
Respondents  

n=123 

Female 55 (44.7) 

Age group  

 

25 to 34 30 (24.2) 

35 to 44 35 (28.2) 

45 to 54 35 (28.2) 

55 to 64 17 (13.7) 

65 to 74 7 (5.6) 

75 or older 0 

Systematic reviews conducted or participated in over the last 5 
years*   

 

1 9 (7.3) 

2 6 (4.9) 

3 9 (7.3) 
4 9 (7.3) 
5 or more 90 (73.2) 

Role in the systematic reviews conducted or participated in over 
the last 5 years *  

 

Main author / coordinator 84 (68.3) 

Co-author / research assistant / data screening / extraction 76 (61.8) 

Methods and statistical advice 57 (46.3) 

Search strategies / librarian 14 (11.4) 

As an expert in the field, stakeholder, or consumer providing 
advice and approving final document 19 (15.4) 

Other 4 (3.2) 

 
Values represent the number and in parentheses the percentage. 
* Percentages do not add up to 100 because respondents could state more than one option 
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Table 2. Other questions and results of the survey 

Question Response options Respondents 
n (%) 

What guidance do you use when 
determining evidence to 
include in a review? (check all that 
apply) * 

My background knowledge 
and experience 

89 (76.1) 

The Cochrane Handbook 90 (76.9) 

My organization's guidance 42 (35.9) 

Other 13 (11.1) 

Would you consider combining 
RS and NRS in a single meta-
analysis in any of these scenarios 
from FIGURE 3? (you can choose 
more than one option) ¶§ 

SITUATION A 45 (44.1) 

SITUATION B 10 (9.8) 

SITUATION C 12 (11.8) 

SITUATION D 19 (18.6) 

I would not consider pooling 
under any circumstances 

51 (50) 

 

* Out of 117 who responded 
¶ Out of 102 who responded. Percentages do not add to 100 because respondents could choose 
more than one option. 
§ Situation A: Randomized studies (RS) and non-randomized studies (NRS) are high certainty. 
Situation B:RS are high certainty and NRS are moderate, low, or very-low. Situation C: RS are 
moderate, low, or very-low certainty while NRS are high certainty. Situation D: both are 
moderate, low, or very-low certainty. 
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Figure 1. 
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Figure 2 
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Figure 3 

 
 
Figure 3. Four possible scenarios when assessing the certainty (or quality) of a body of evidence of 
randomized studies (RS) and non-randomized studies (NRS) using the GRADE approach (from high 
to very low certainty). For instance, scenario B portrays a situation where an author of a 
systematic review would find RS with high certainty of evidence but also finds NRS with moderate, 
low, or very low certainty. Each column and numbers inside each cell represents the times authors 
would consider using the strategy (answer) in a summary of findings table. The five options are 
depicted in the explanation of possible answers. N= 114 respondents. 
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Supplementary material 1: Search strategy for scoping 
review 

THE COCHRANE LIBRARY 

#1 "observational":ti,ab 

#2 "case-control":ti,ab 

#3 "cohort":ti,ab 

#4 "before-after":ti,ab 

#5 non-random*:ti,ab 

#6 "cross-sectional":ti,ab 

#7 non-experiment*:ti,ab 

#8 "interrupted time series":ti,ab 

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 

MEDLINE 

#1 compara*[tiab] OR comparison*[tiab] OR contrast*[tiab] OR similar*[tiab] 

OR consistent*[tiab] OR inconsistent*[tiab] OR dissimilar*[tiab] OR 
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differen*[tiab] OR concordan*[tiab] OR discordan*[tiab] OR heterogene*[tiab] 

OR “Research Design”[mh] 

#2 “Observation”[mh] OR “Cohort Studies”[mh] OR “Longitudinal 

Studies”[mh] OR “Retrospective Studies”[mh] OR “Prospective Studies”[mh] OR 

observational[tiab] OR cohort*[tiab] OR cross-sectional[tiab] OR 

longitudinal[tiab] OR causal inference*[tw] OR causality[tw] OR “instrumental 

variable”[tw] OR “structural model”[tw] OR practice-based[tw] OR propensity 

score*[tw] OR natural experiment*[tw] OR case-control[tw] OR before-after[tw] 

OR pre-post[tw] OR case-cohort[tw] OR case-crossover[tw] OR serial[tiab] OR 

non-experimental[tiab] OR “nonrandomized”[tiab] OR “nonrandomised”[tiab] 

OR “study designs”[tiab] OR “newcastle ottawa”[tiab] OR (evidence[tiab] AND 

quality[tiab])  

#3 Cochrane Database Syst Rev [TA] OR search[tiab] OR meta-analysis[PT] 

OR MEDLINE[tiab] OR PubMed[tiab] OR (systematic*[tiab] AND review*[tiab]) 

OR review[ti] 

THE JAMES LIND LIBRARY 

We used a broad search strategy starting with the terms “observational”, “reviews”, 

and “studies”; we then proceeded with an iterative approach of searching in the 
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references of included articles, in related essays, records, topics, and articles from the 

library.  
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Supplementary material 2. Complete survey 
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Abstract 

OBJECTIVES: Randomized studies (RS) provide the most trustworthy sources for 

the relative effect of health interventions summarized in knowledge syntheses. Non-

randomized studies (NRS) can be used as replacement, sequential, or 

complementary evidence for a body of evidence of RS. In this paper, we present 

options for the optimal use of RS and NRS in health syntheses by using the Grading 

of Recommendations, Assessment, Development and Evaluation (GRADE) 

approach in evidence profiles and summary of findings tables. 

METHODS: We used three examples, as case studies, for the optimal use of RS and 

NRS in addressing health questions. We tested several options and developed 

solutions for dealing with methodological challenges based on feedback from experts 

in GRADE methods, Cochrane authors, and health guideline developers (including 

experts in the new Risk of Bias Tool for Non-Randomized Studies of interventions 

(ROBINS-I)).  

RESULTS: Based on the three examples we address possible scenarios for use of RS 

and NRS in evidence syntheses. We provide descriptions for the solutions found that 

will be useful to users of GRADE and the ROBINS-I tool, and how ratings on the 

GRADE domains impact on the findings and the overall assessment of the evidence.  
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CONCLUSIONS: Considering their differences and similarities based on the 

GRADE domains, NRS and RS can complement one another in maximizing the 

value for improving knowledge syntheses and health recommendations. 

Keywords 

GRADE; Systematic Reviews; Clinical Guidelines; Evidence Synthesis; 

Randomized studies; Non-randomized studies; Research Methodology. 
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1. Introduction 

Randomized studies (RS) provide the most trustworthy source of evidence for the 

relative effects of health care interventions summarized in knowledge syntheses (e.g., 

systematic reviews, health technology assessments – HTA –, and clinical practice 

guidelines). If high certainty evidence is not available from RS, non-randomized 

studies (NRS) of interventions, may provide replacement, sequential, or 

complementary evidence for of RS. 1 

Roughly half of the clinical questions about effectiveness of healthcare interventions 

cannot be answered with evidence from RS, 2 mainly due to feasibility issues (e.g., 

the studies that would answer the question would be unethical to conduct, or the 

outcome is a rare/long term event). Authors of health syntheses must decide from 

the outset (in a protocol) whether they aim to search and include NRS, and their 

presumptions about sources of the best evidence available to inform a 

recommendation. On many occasions clinicians, decision-makers, and clinical 

guideline developers will need evidence from NRS. Observational studies enrolling 

representative populations will, if available, provide the best evidence regarding 

baseline risk of outcomes of interest. In terms of relative effects, NRS may provide 

the best evidence when RS does not directly address the question of interest or is 

altogether unavailable; more than half of comparative effectiveness research (CER) 

studies includes NRS as source of evidence. 3, 4 
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In the remainder of this presentation we will focus exclusively on estimates of relative 

effects and discuss issues in the context of the GRADE approach to rating certainty 

of evidence. Optimizing use of NRS with RS in knowledge syntheses in this context 

poses three main challenges: 1) How one should deal with differences between the 

two types of studies in one or more of the certainty of evidence domains (i.e., risk of 

bias, indirectness, imprecision, publication bias, and inconsistencies); 2) how to deal 

with the possibility of different direction and magnitude of effect estimates between 

RS and NRS; and 3) how to present, in GRADE evidence profiles (EP) and 

Summary of Findings (SoF) tables, the evidence from RS and NRS in transparent 

and understandable formats.  

Although several methodological reviews and guidance papers acknowledge the 

importance of including RS and NRS in systematic reviews,3, 5-7 there is currently 

no specific advice on when and how to do that in knowledge syntheses. In particular, 

it is not well explored how the GRADE approach, together with the new Cochrane 

tool for assessing the risk of bias in non-randomized studies of interventions 

(ROBINS-I), might support considering RS and NRS.8 

In our prior work, we surveyed experts to understand and assess their preferences 

and attitudes towards the use of RS with NRS,9 and reviewed how ROBINS-I will 

impact the GRADE assessment 10 of a body of evidence from NRS. In this study, we 

begin addressing each of the three challenges above through detailed examples. We 
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provide scenarios and methods for optimal use of RS and NRS in knowledge 

syntheses and health guidelines considering GRADE domains and evidence profiles. 

2. Methods 

We searched for examples from clinical questions in which the simultaneous use of 

RS and NRS of interventions in addressing relative effects in a systematic review was 

deemed worthy of consideration. For this, we used the results from a recent search 

strategy performed in a previous scoping review 9 and asked experts in the field of 

knowledge syntheses for illustrative cases. We chose three final examples guided by 

feedback from clinical epidemiologists, methodologists, and researchers with 

experience in systematic reviews, health guidelines, and in using tools for the 

assessment of risk of bias in NRS (e.g., ROBINS-I). 

Through an iterative process of debate and revisions, we examined the 

appropriateness of options for dealing with RS and NRS in evidence syntheses and 

developed solutions for dealing with the challenges that arose, i.e., how to handle 

differences between RS and NRS in one or more of the certainty of evidence 

GRADE domains (risk of bias, indirectness, imprecision, publication bias, and 

inconsistencies); how to deal with the possibility of different direction and magnitude 

of effect estimates; and how to portray the two bodies of evidence from RS and NRS 

in transparent and understandable GRADE formats. We developed a draft guide, 
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based on a previous survey 9 and three GRADE and Cochrane expert meetings 

(Washington DC 2016, Seoul 2016, and Rome 2017) on how and when to integrate 

NRS with RS in systematic reviews and clinical guidelines. We included previous 

discussions from the NRS risk of bias GRADE group.10  

We conducted discussions around the examples obtained, supported by previous 

methodological guidance from Cochrane,11 the GRADE handbook,12 and the 

ROBINS-I tool,8 when applicable. We asked experts to discuss the way RS and NRS 

could be optimally used and presented in evidence profiles and summary of findings 

tables. The three examples are from health questions that raise relevant challenges 

and are presented in box 1, box 2, and box 3 respectively (complete case studies are 

also found in the appendices 1, 2, and 3 respectively). Based on these examples, we 

describe which judgements used by guideline panelists and systematic review authors 

would be required. First, we analyze each GRADE domain and the implication of 

their differences between RS and NRS; second, we analyze how the different 

direction and magnitude of effects impact on the decision on how to use RS or NRS; 

and third, we present several options on how to portray both bodies of evidence in 

summary of findings.  

This project is supported by a Cochrane Methods Innovation grant, the National 

Toxicology Program within the National Institutes for Health (United States), and 

the McMaster GRADE centre.  
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EXAMPLE 1 (see also appendix 1) 
A health guideline for the prevention and treatment of necrotizing enterocolitis 
(NEC) in the neonatal intensive care unit (NICU) is conducting a systematic 
review of the effects of supplementing probiotics to premature infants in the 
NICU. The outcomes assessed are ‘NEC’ grade II-III, ‘overall mortality’, and 
‘sepsis’. The review team found RS for the outcomes ‘NEC’ and ‘mortality’ that 
provide high certainty and decide not to look for NRS for these outcomes. 
However, for the outcome ‘sepsis’, the overall certainty from RS is deemed ‘low’ 
mostly due to inconsistency and imprecision. The panel decides they would feel 
more comfortable by looking for NRS, especially when case series and reports 
have linked the use of probiotics to sepsis in very preterm infants. Authors find 
seven NRS deemed low certainty due to risk of bias (confounding) but no other 
concerns (figure 1 and table 1). 

EXAMPLE 2 (see also appendix 2) 
A systematic review team is assessing the question for a health guideline on 
thromboprophylaxis: “Should antithrombin III (AT-III) versus no AT-III be used in 
critically ill infants undergoing extra-corporeal membrane oxygenation (ECMO) 
for the prevention of venous thrombosis?” Their search strategy yields four RS 
comparing AT-III to placebo, of which only two assess populations in the desired 
age group, i.e., children above one month of age. The certainty in the evidence 
from RS is very low due to risk of bias, imprecision, and indirectness. The review 
team decides to look at NRS; they found eight, of which only two directly assess 
the population of interest and are included with a certainty of evidence deemed 
low. (Table 2 and Figure 2) 
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EXAMPLE 3 (see also appendix 3) 
In January 2016, a Health Technology Assessment unit is working on the 
question: “Should vitamin D be supplemented to all pregnant women for the 
prevention of recurrent wheeze or asthma in their infants?” The review team 
evaluates the body of evidence from RS first. The certainty is deemed very low 
due to risk of bias and very serious imprecision (only one RS is found –figure 3a 
and table 3). The team decides to include six NRS (figure 3b), providing low 
certainty for this outcome. In consultation with content experts, the authors 
judged that there is a dose-response effect reported in most studies (inverse 
relationship between the adjusted ORs and increased dosages or levels of vitamin 
D) which upgrade the certainty by one level, from low to moderate (table 3). 
In January 2017, an updated search yields two more RS and are added to the 
body of evidence (figure 4). Now, three RS provide an effect estimate excluding 
the null with moderate certainty in the evidence (only downgraded one level due 
to imprecision). Authors portray both study designs in a single table (table 4). 
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3. Differences in GRADE domains between 
randomized and non-randomized studies 

3.1. Risk of bias 

In the GRADE approach, limitations in the detailed design or conduct of the studies 

(bias) of both RS and NRS may lead to rating down the certainty of evidence. 

However, the initial certainty rating in RS starts as high, while that from NRS starts 

as low unless ROBINS-I is used. However, when ROBINS-I is used, raters are still 

required to have strong justification to not consider risk of bias due to confounding 

a very serious concern leading to a rating of low certainty 8, 10. This initial 

downgrading in NRS by default of two levels is related to the fact that adequate 

randomization is the only secure method to protect against confounding and 

selection bias.13 In consequence, biases arising from failure to randomize are the 

main reason authors separate RS from NRS in knowledge syntheses of interventions. 

However, random allocation does not protect against missing outcome data, 

measurement of outcomes, and selection of the reported results (figure 5). 

As there are more than 200 instruments for assessing the risk of bias of individual 

studies,14 GRADE does not require using a specific risk of bias tool for RS or NRS. 

Existing instruments for the assessment of risk of bias in NRS use as benchmark the 

“ideal” observational study of a specific design to assess the risk of bias of individual 

NRS (e.g., the ideal cohort or case-control study). ROBINS-I, rather than using the 
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ideal observational study, addresses risk of bias using an ideal (or target) randomized 

trial as a standard.8 

In example 1 (probiotics for neonates, outcome: sepsis), there are no serious 

limitations in the design and conduct of the relevant RS (figure 1 and table 1) and 

thus risk of bias in GRADE is deemed as not serious. On the other hand, the body 

of evidence from NRS is also assessed (not using ROBINS-I) as not serious if we 

compare them to an ideal observational cohort study. However, as we have 

previously pointed out, the inherent risk of residual confounding leads to a starting 

evidence certainty of low (table 1). With the use of ROBINS-I, however, the same 

example would take a different route, but would end at the same point (see same 

example 1 on the appendix, where ROBINS-I is used). In this case, the body of 

evidence from NRS will not start as low by default, but as high certainty, as with RS, 

and then authors will judge the risk of bias due to confounding and selection of 

participants and rate down by two levels after judging the risk of bias from ROBINS-

I as very serious. The resulting overall certainty will still be low. 

An advantage of this process is tackling concerns and confusion about the issue of 

double counting the risk of confounding and selection bias (once for absence of 

randomization and then for additional concerns about confounding and selection 

bias as part of the evaluation of the observational studies). The labelling of 

observational studies as being of low risk of bias in evidence profiles has led to 



Ph.D. Thesis – Carlos A. Cuello-Garcia; McMaster University – Health Research Methodology 

 78 

confusion by users of this information (when in reality, it already included lack of 

randomization as a risk of bias consideration). This repeated consideration of risk of 

bias often lead to rating down further from low to very low. By using ROBINS-I, 

authors begin NRS as high certainty but rate down two levels based on the 

ROBINS-I items related to lack of randomization and concealment process if no 

other measures against selection or confounding bias are taken (for example, cohort 

studies with interrupted time series design will have less concern about confounding 

and the risk of bias domain in GRADE could be considered only serious, or not 

serious –instead of very serious). 

3.2. Inconsistency between a body of evidence from RS 
and NRS 

Inconsistency drives considerations leading to interpreting bodies of evidence from 

RS and NRS separately, relying on one of the two, or pooling them both. If the body 

of evidence from RS and NRS indicates inconsistent results, RS and NRS must be 

considered separately. If one body of evidence is rated as higher certainty, we will 

rely on that body of evidence. Consideration of individual GRADE domains, 

particularly, inconsistency, indirectness and imprecision, may bear on the judgment 

of whether to include RS and NRS together to generate a single pooled estimate. 

When raters evaluate inconsistency, they explore a priori hypotheses about 

differences in the populations, interventions, outcomes, or study methods that may 
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explain the observed heterogeneity. If they fail to find a compelling explanation for 

serious inconsistency, GRADE suggests rating down the certainty of evidence.15 

Here we will focus on inconsistency due to different study methods.  

Once RS and NRS are assessed individually on the inconsistency domain, authors 

should assess the extent of differences in effect estimates. Some scenarios from figure 

6 will give authors more confidence about pooling RS and NRS, for example, in 

scenario D1, where both RS and NRS have no concerns with inconsistency and the 

effect estimates are in the same direction, RS and NRS would be considered 

appropriate to integrate in a single pooled estimate. On the other hand, scenario D2, 

although each body of evidence has no concerns with inconsistency, they yield 

important differences in effect – indeed one suggesting benefit, the other harm.  

If the bodies of evidence from RS and NRS each show internal inconsistency (figure 

6, scenario A) authors should explore in detail according to their a priori hypotheses. 

If, for example, the explanation for inconsistency in both RS and NRS lies in the 

population (e.g., disease severity or risk), this could be detected in a subgroup 

analyses, as shown in scenario A2, making RS and NRS now consistent in their 

results. Authors should feel more comfortable about pooling because the 

inconsistency is now explained by factors other than the study design per se.  
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Our example 1 (probiotics for neonates, outcome: sepsis; table 1; figure 1) represents 

a situation where there is inconsistency in the individual RS (95% C.I. from some 

studies do not overlap, and I2 and p values suggest heterogeneity; figure 1), but the 

individual NRS yield similar results to one another (i.e., there is no inconsistency), 

this is comparable to scenario B from figure 6. In this case, NRS can replace the 

evidence of RS. 

Example 2 (antithrombin III for infants undergoing extra-corporeal membrane 

oxygenation; table 2), represents a circumstance similar to scenario D2 in figure 6, 

where RS and NRS are both internally consistent (I2 of 0%), yet there is an obvious 

indirectness and imprecision in RS and a difference in effect estimates between RS 

and NRS (i.e., RS provide a RR 0.71	[95% C.I. 0.36 to 1.39] while NRS provide a 

OR of 1.54 [95% C.I. 1.35 to 1.76]; figure 2), which would make the pooling of the 

results inappropriate. In this case, the decision to use one body of evidence over 

another is not influenced by the inconsistency domain but by other domains such as 

indirectness and imprecision. 

Example 3 (vitamin D supplementation to pregnant mothers to prevent asthma or 

wheezing in their infants; figure 4 and table 4) represents a circumstance like scenario 

D1 from figure 6, in which both RS and NRS present no inconsistency, and point 

estimates results are similar. In this case, inconsistency is not an issue at any level. 

Authors must decide to portray both bodies of evidence in a single summary of 
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findings table and decide whether to pool the final effect estimate or present them 

separated in two rows. 

3.3. Indirectness 

Indirectness results if the research evidence utilized to answer a question does not 

directly relate to the population, intervention, comparisons or outcomes of 

interest.16, 17 It is not uncommon for knowledge synthesis developers to use only 

indirect evidence to address a research question when there is a paucity of direct 

evidence. It is possible for direct evidence from NRS to provide equivalent or higher 

certainty than indirect evidence from RS.1 

There may be situations when choosing between utilizing RS, NRS, or both, will be 

decided mostly based on indirectness. Example 2 (antithrombin III for critically ill 

infants undergoing ECMO for the prevention of thrombosis; figure 2 and table 2) 

represents an illustration of a body of evidence from RS that provide evidence rated 

as very low certainty (due to indirectness, imprecision, and risk of bias), while NRS 

provide direct evidence with low certainty due to risk of bias (confounding). In this 

example, it is sensible to use only the body of evidence from NRS because they 

provide higher certainty (low versus very low), and especially direct evidence for the 

clinical recommendation. 

3.4. Imprecision 
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Imprecision is determined by the examination of the 95% C.I. with the help of the 

sample size calculations and consideration of thresholds of appreciable benefit and 

harms.18, 19 When imprecision is the only affected domain (i.e., with an equal risk of 

bias between RS and NRS and other GRADE domains unaffected), it is feasible and 

appropriate to integrate both types of studies in a single row of a GRADE table and 

in a single pooled estimate. 

Imprecision may influence our decision to use one body of evidence over another. 

In example 1 (probiotic supplementation for preventing necrotizing enterocolitis in 

neonates; figure 1 and table 1), authors are concerned about a potentially harmful 

outcome (sepsis) which may be caused (or even prevented) by probiotics based on 

previous case reports and case series of probiotics administered to neonates (see also 

appendix 1). In this case, if authors only look at the body of evidence from RS, 

downgraded to low certainty due to inconsistency and imprecision, the result might 

inform their recommendation (to provide or not probiotics) but it will not be 

considered precise enough to reach a plausible threshold of benefit or harm (the 95% 

C.I. of the absolute effect goes from 37 fewer to 18 more cases of sepsis per 1,000 

treated; table 1). In the body of evidence of NRS, due to residual confounding 

concerns, GRADE rates down the certainty in the body of evidence to low (with no 

other concerns in the other GRADE domains), but it provides an effect estimate that 

makes the decision-maker more confident in recommending probiotics because it 
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excludes a plausible threshold of harm (absolute effect 95% C.I. now goes from 48 

fewer to 0 cases of sepsis per 1,000 treated). Authors of the systematic review would 

have to choose between utilizing only NRS, or pooling these with the body of 

evidence of RS. 

3.5. Publication bias 

Strong suspicion of publication bias leads to rating down a body of evidence 20. Both 

RS and NRS are prone to this type of bias,21, 22 and authors should be attentive to 

its presence, especially when evidence comes from a small number of studies and/or 

there is large commercial interest.  

Although NRS added to a body of evidence of RS can increase the number of (large) 

studies and possibly improve the assessment of publication bias by using the common 

techniques of analysis of patterns of data (i.e., funnel plots), whether a body of 

evidence with RS and suspicion of publication bias can be improved by adding NRS 

without suspected publication bias (or vice versa) is still unknown, yet possible, and 

more empirical evidence is required. 

3.6. Large effects, dose-response, and opposing residual 
confounding 

Large effects, dose-response, and opposing residual confounding are the three 

GRADE domains that can rate up a body of evidence of NRS.23 Any of these 
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domains can improve the certainty of evidence from NRS, hence increasing the 

likelihood of replacing or complementing RS. Because a large effect or dose-

response associations can still be accompanied by residual confounding, GRADE 

recommends authors should proceed with caution and transparency when rating up 

a body of evidence. Example 3 (tables 3 and 4) represents a possible illustration of a 

dose-response gradient that would warrant rating up the certainty from NRS from 

low to moderate, hence facilitating the utilization of NRS as complement or 

replacement of RS in the systematic review, this is, using only NRS. 

Opposing residual confounding applies when unmeasured plausible residual 

confounding bias would act to reduce the demonstrated effect, or increase the effect 

if no effect was observed.23 If opposing plausible residual confounding is suspected, 

authors can rate up one level the certainty of evidence in NRS and apply other 

GRADE criteria to evaluate the appropriateness of using NRS as replacement or 

complement of RS. One important distinction is that the evaluation of opposing 

residual confounding is optionally included in the new tool for assessing risk of bias 

in NRS (ROBINS-I),8 integrating this GRADE domain on each ROBINS-I item as 

an add-on for signalling questions. Therefore, when using ROBINS-I, authors may 

evaluate opposing residual confounding in the risk of bias GRADE domain, and not 

as a stand-alone domain; more testing and empirical observations are, however, 

needed.10 
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4. Differences in direction and magnitude of 
effects between randomized and non-randomized 
studies 

The direction, magnitude, and precision of the estimated effects in RS and NRS are 

intertwined concepts that will have an influence on the decision to include NRS with 

RS either in a single review, a single summary of findings table, or as a single pooled 

estimate. Different directions of effects between RS and NRS will make their pooling 

inappropriate, especially if the results are precise and clinically important. For 

instance, in example 2 (on the use of antithrombin III; table 2 and figure 2), the 

estimated effect from NRS reaches a precise result in opposite direction from RS – 

the effects in the RS are neither large nor precise. In this situation, the body of 

evidence of NRS can be used as replacement of RS, which are now unnecessary 

given the very low certainty due to indirectness, imprecision, and risk of bias. 

A similar direction in both RS and NRS, on the other hand, provides confidence to 

the decision-maker that both bodies of evidence are similar to be presented on a 

single summary of findings (with or without pooling the effect estimates). On 

example 3 (figure 4), an updated review of the evidence provides RS and NRS with 

similar effects in terms of direction, with NRS providing precise results. In this case, 

authors of the systematic review can use NRS as complement for RS and present 

both in a single summary of findings table (or even into a single pooled estimate). 
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5. Presenting randomized and non-randomized 
studies in GRADE tables 

If the above cases and discussions lead to inclusion of RS and NRS in a knowledge 

synthesis, authors must portray both bodies of evidence in GRADE tables (evidence 

profiles and summary of findings tables). By using RS and NRS in summary of 

findings tables, authors will have three options to display both. First, they can portray 

the two bodies of evidence in a single summary of findings and keep RS and NRS 

separated in two rows. From example 1, we present both bodies of evidence in a 

single evidence profile (table 1) and how a summary of findings table would look 

(table 5), with separation between RS and NRS in two different rows with the same 

outcome. Second, they can use a single row with the two bodies of evidence 

combined into a single pooled estimate. Third, authors could use two separate tables, 

one for each body of evidence. Based on a previous survey 9 we found that experts 

often prefer the first option of keeping RS and NRS separated in two rows in a single 

summary of findings, followed by including RS and NRS pooled in a single row, and 

then the option of two summary of findings. 

6. Discussion 

We reviewed the main challenges of integrating RS and NRS and its appropriateness 

using three examples representing a subset of situations that depict how NRS could 
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help decision-makers and systematic reviewers gain insight into bodies of evidence 

for clinical questions about interventions. The integration of both types of studies 

requires judgement and methodological expertise, with adequate transparency, 

considering the whole picture of both bodies evidence in relation to the certainty of 

evidence on each outcome.  

During our interviews and discussions with methodologists and experts, we have 

perceived a series of concerns and questions that are worth examining. First, there 

will be situations where choosing RS over NRS will be straightforward, e.g., if RS 

are classified as high certainty of evidence. With these levels of certainty in RS, there 

should be no reason to look for NRS.7, 9 The lower the certainty of evidence from 

RS, the more authors should be encouraged to look for NRS. In some instances, 

NRS will be the sole existing evidence, and could be included until an RS is 

available. It is important to be open about the possibility that NRS with low or 

moderate certainty of evidence can complement or replace RS classified as very low 

or low respectively, as long as the process keeps its transparency, a condition that 

GRADE provides.1 

Second, a comprehensive protocol for a systematic review is vital to also report the 

intention of the authors to include NRS if they expect to find low or very low 

certainty of evidence from RS (or not find them at all). Authors might question 

whether they should portray both bodies of evidence that they have found, even if 
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one of them is very low certainty of evidence. Another concern is that selecting one 

design over the other could open the door for misuse, for instance, by using only 

NRS for the approval/use of new drugs. Selection of evidence and outcomes is an 

issue that authors must confront, although it is not exclusive to the integration of RS 

and NRS, but to the process of conducting health syntheses.24, 25 In these situations, 

authors should present the body of evidence that provides the more trustworthy 

information; yet again, the importance of the protocol and transparency is 

emphasized. 

Third, authors should pay attention to the differences between RS and NRS in the 

GRADE domains. Among these, risk of bias, imprecision, inconsistency, and 

indirectness represent challenges, especially when they differ between RS and NRS 

that have similar certainty of evidence and authors must decide which body of 

evidence should be used. When such differences are found, pooling RS and NRS 

into a single effect estimate will be inappropriate and authors should use the body of 

evidence that provides the highest certainty for decision-making. Also in some cases, 

one GRADE domain can influence the decision to include or exclude one body of 

evidence; in example one, for instance, indirectness in RS influences the decision to 

exclude them from the consideration in making a clinical recommendation.1, 12, 16 

Fourth, although more observations and examples are needed, ROBINS-I will have 

an important influence when more syntheses start utilizing this tool. For instance, 
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the GRADE domain plausible residual confounding, optionally included in the 

ROBINS-I tool, may be rated in an integrated manner with the GRADE risk of bias 

domain and be accounted for during the GRADE risk of bias rating.8, 10 

7. Conclusions 

The GRADE approach is a sensible and transparent way of helping authors of 

health syntheses assessing the appropriateness and providing methods for using RS 

and NRS to improve the certainty of a body of evidence by including the best 

available information. Next steps of this endeavour aim at creating detailed guidance 

for authors of knowledge syntheses to reach a decision on when and how to include 

both study designs. 
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Figure 1 

 
  

Figure 4. Case 3 forest plots. Randomized and non-randomized studies. Probiotic supplementation in preterm 
infants in the neonatal intensive care unit. Outcome: culture proven sepsis.
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B. Bias in selection of participants
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E. Bias due to missing data
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G. Bias in selection of the reported result
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Figure 1. Forest plots. Randomized and non-randomized studies. Probiotic supplementation in preterm 
infants in the neonatal intensive care unit. Outcome: culture proven sepsis.
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Figure 1. Forest plots. Randomized and non-randomized studies. Probiotic 

supplementation in preterm infants in the neonatal intensive care unit. Outcome: 

culture proven sepsis. Colours indicate risk of bias (RoB) judgments. For randomized 

studies, low RoB=green; unclear RoB=yellow, and high RoB=red. For non-

randomized studies, low RoB=green; moderate RoB=yellow; high RoB=orange; 

and critical RoB=red. 
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Figure 2 

 
  

RISK OF BIAS IN RANDOMIZED STUDIES (Cochrane tool) 

A. Random sequence generation (selection bias)

B. Allocation concealment (selection bias)

C. Blinding of participants and personnel (performance bias)

D. Blinding of outcome assessment (detection bias)

E. Incomplete outcome data (attrition bias)

F. Selective reporting (reporting bias)

G. Other bias

A) RANDOMIZED STUDIES
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RISK OF BIAS IN NON-RANDOMIZED STUDIES (ROBINS-I) 

A. Bias due to confounding

B. Bias in selection of participants
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E. Bias due to missing data

F. Bias in measurement of outcomes

G. Bias in selection of the reported result
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B) NON-RANDOMIZED STUDIES

Figure 1. Case 1 forest plots, randomized and non-randomized studies. Antithrombin III replacement for the 
prevention of arterial or venous thrombosis in children undergoing extracorporeal membrane oxygenation 
therapy. (A) only RS, (B) only NRS, and (C) both RS and NRS by subgroups.

C) RANDOMIZED AND NON-RANDOMIZED STUDIES

Figure 2. Forest plots of randomized and non-randomized studies. Antithrombin III replacement for 
the prevention of arterial or venous thrombosis in children undergoing extracorporeal membrane 
oxygenation therapy. (A) only RS, (B) only NRS, and (C) both RS and NRS by subgroups.
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Figure 2. Forest plots of randomized and non-randomized studies. Antithrombin III 

replacement for the prevention of arterial or venous thrombosis in children 

undergoing extracorporeal membrane oxygenation therapy. (A) only RS, (B) only 

NRS, and (C) both RS and NRS by subgroups. Colours indicate risk of bias (RoB) 

judgments. For randomized studies, low RoB=green; unclear RoB=yellow, and high 

RoB=red. For non-randomized studies, low RoB=green; moderate RoB=yellow; 

high RoB=orange; and critical RoB=red. 
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Figure 3 

 
  

Figure 2. Case 2 forest plots, randomized and non-randomized studies. Vitamin D supplementation in pregnant 
women for the prevention of asthma/wheezing in their infants.
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Figure 3. Forest plots, randomized and non-randomized studies. Vitamin D supplementation in 
pregnant women for the prevention of asthma/wheezing in their infants.
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Figure 3. Forest plots, randomized and non-randomized studies. Vitamin D 

supplementation in pregnant women for the prevention of asthma/wheezing in their 

infants. Colours indicate risk of bias (RoB) judgments. For randomized studies, low 

RoB=green; unclear RoB=yellow, and high RoB=red. For non-randomized studies, 

low RoB=green; moderate RoB=yellow; high RoB=orange; and critical RoB=red. 

  



Ph.D. Thesis – Carlos A. Cuello-Garcia; McMaster University – Health Research Methodology 

 114 

Figure 4 

 
  

Figure 3. Case 2 forest plots updated –January 2017. Randomized and non-randomized studies. Vitamin D 
supplementation in pregnant women for the prevention of asthma/wheezing in their infants.
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Figure 4. Forest plots updated –January 2017. Randomized and non-randomized studies. Vitamin D 
supplementation in pregnant women for the prevention of asthma/wheezing in their infants.
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Figure 4. Forest plots updated –January 2017. Randomized and non-randomized 

studies. Vitamin D supplementation in pregnant women for the prevention of 

asthma/wheezing in their infants. Colours indicate risk of bias (RoB) judgments. For 

randomized studies, low RoB=green; unclear RoB=yellow, and high RoB=red. For 

non-randomized studies, low RoB=green; moderate RoB=yellow; high 

RoB=orange; and critical RoB=red. 
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Figure 5 
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Figure 5. Types of bias met in non-randomized studies (left column) and randomized 

studies (right column) with the situations or actions performed in a randomized trial 

that protect against these biases on each type of study (center column). In 

parentheses are depicted other terms for biases. 
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Figure 6 
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Figure 6. Inconsistency in randomized (blue colors) and non-randomized studies (red 

colors) distributed in four possible scenarios where A= a scenario where RS and 

NRS present both inconsistency; B= RS present inconsistency but NRS have similar 

results; C= RS present similar results among them, but NRS present inconsistency; 

D=both RS and NRS have no inconsistency. See text for discussion. 
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Appendices 
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Supplementary material 1 

Example 1 

A clinical guideline for the prevention and treatment of necrotizing enterocolitis 

(NEC) in the neonatal intensive care unit is conducting a systematic review on the 

effects of prophylactic supplementation of probiotics to all premature infants on the 

outcomes NEC, overall mortality, and sepsis. The review team discusses whether to 

include NRS for any of these outcomes, realizing that there is an overall high 

certainty from RS for the outcomes NEC and mortality, so there is no need to look 

for NRS for these outcomes. However, for the outcome sepsis, the overall certainty 

of the evidence is deemed low mostly due to inconsistency and imprecision (figure 

1a and table 1). The panel decides they would feel more comfortable by looking for 

NRS, especially when sepsis has been linked to the use of probiotics in very preterm 

babies in observational studies. [1] Authors find seven NRS with an overall low 

certainty of the evidence due to the inherent risk of bias, and no reasons to upgrade 

(table 1 and figure below). 

Analysis 

For the outcome sepsis, guideline panelists can use NRS alone to generate a 

recommendation, most likely conditional in favor of supplementing probiotics given 

the precision provided; this is, probiotics would reduce to at best 48 fewer cases of 

sepsis and at worst zero (see table 1). Had authors looked only at the evidence from 
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RS, the recommendation could have been made either in favor, against, or even 

neutral, given the uncertainty of the evidence and the background information from 

case reports linking sepsis to probiotics. The use of NRS provides more certainty, 

and decision-makers can feel more comfortable with a recommendation in favor 

since probiotics is a low-cost intervention with better a balance of desirable vs 

undesirable effects. In this case, both bodies of evidence provide similar certainty, 

and authors could decide to present both or use the one that provides the highest 

confidence. 

If the guideline panel and the review team decide to depict the two bodies of 

evidence in evidence profiles and summary of findings they have three options: (a) 

use two separate tables, one for each type of study; (b) display both RS and NRS 

separately in two rows and express that the recommendation was made based mainly 

on the effect from the NRS; or (d) use both designs, merging data in a single row in 

the EP, and even in a single pooled estimate (last row in red of table 1 and 2). This 

last option will require caution and methodological expertise to avoid misuse. 

It is important to note several occurrences from this example. The effect estimates 

are similar in magnitude and direction, which give authors a sense of confidence that 

the estimated effect is close to the true estimate. When using ROBINS-I as the risk 

of bias tool for assessing NRS, the initial assessment of risk of bias should be rated as 

high (instead of low), and then downgrade accordingly for confounding and selection 
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of participants if authors consider that there is no reason against it. In table 2, we 

can see the risk of bias domain in NRS deemed very serious (highlighted in yellow) 

due to confounding and possible selection of participants; this rates down the 

certainty of the evidence of this outcome by two levels from high to low. More testing 

is needed in this area. 

REFERENCES 

[1] Dani C, Coviello CC, Corsini II, Arena F, Antonelli A, Rossolini GM. 

Lactobacillus Sepsis and Probiotic Therapy in Newborns: Two New Cases and 

Literature Review. AJP Rep. 2016;6:e25-9. 
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Table 1 of example 1 
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Table 2 of example 1. 
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Figure 1 of example 1 

 

  

Figure 4. Case 3 forest plots. Randomized and non-randomized studies. Probiotic supplementation in preterm 
infants in the neonatal intensive care unit. Outcome: culture proven sepsis.

Outcome: Sepsis 
Randomizes studies

A) RANDOMIZED STUDIES

RISK OF BIAS IN RANDOMIZED STUDIES (Cochrane tool) 

A. Random sequence generation (selection bias)

B. Allocation concealment (selection bias)

C. Blinding of participants and personnel (performance bias)

D. Blinding of outcome assessment (detection bias)

E. Incomplete outcome data (attrition bias)

F. Selective reporting (reporting bias)

G. Other bias

RISK OF BIAS IN NON-RANDOMIZED STUDIES (ROBINS-I) 

A. Bias due to confounding

B. Bias in selection of participants

C. Bias in classification of interventions

D. Bias due to departures from intended interventions

E. Bias due to missing data

F. Bias in measurement of outcomes

G. Bias in selection of the reported result

B) NON-RANDOMIZED STUDIES

Outcome: Sepsis 
Non-randomizes studies

Figure 1 of example 1. Forest plots. Randomized and non-randomized studies. Probiotic supplementation in 
preterm infants in the neonatal intensive care unit. Outcome: culture proven sepsis.
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Supplementary material 2. 

Example 2 

A panel of experts is conducting a clinical practice guideline on thromboprophylaxis 

in the Pediatric Intensive Care Unit. They are assessing the guideline question: 

“Should antithrombin III (AT-III) versus no AT-III be used in infants undergoing 

extra-corporeal membrane oxygenation (ECMO) for the prevention of thrombosis 

(arterial or venous)?” Their search strategy yields four randomized studies (RS) 

comparing AT-III to placebo, of which only two assess populations in the desired 

age group, i.e., children above one month of age (Table 1a). The review team decides 

to look for non-randomized studies (NRS), eventually finding eight studies, of which 

only two directly assess the population of interest. (Table 1b) By creating evidence 

profiles the team realizes that the certainty in the evidence from RS is very low due 

to risk of bias, imprecision, and indirectness, while the certainty from NRS is deemed 

low. (Table 2 and Figure) 

Analysis 

In this case, searching for NRS was justified due to important indirectness from RS 

at the population and intervention level that together with risk of bias and 

imprecision give RS a certainty of very low, while that from NRS is deem low 

certainty due to risk of bias (confounding). The authors’ objective is to create a 

clinical recommendation and its direction might be different if using RS or NRS. If 
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the research team utilizes evidence from RS alone (very low certainty) it could end 

with a conditional recommendation either against the intervention, in favor, or 

neutral. On the other hand, by using only 

NRS, the team would certainly be more inclined for a recommendation against the 

intervention due to concerns over the increased number of thrombosis in the 

intervention group, yet with low certainty (Table 2 and figure). In this example, it is 

recommended to use only the evidence from NRS as it provides more certainty, also, 

indirectness has important influence on this decision. 
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Table 1 of example 2. 

 

  

 

 

Table 1. Included and excluded individual studies for the research question, any outcome. 
 

Study Population Outcomes Notes 

A. Randomized studies [1-4] 

Fulia 2003 Preterm infants ≤30 weeks of gestational 
age with more than 12 hours of postnatal 
age, and an ATIII activity ≤40%. 

Mortality, bleeding, 
intra-ventricular 
hemorrhage 

Excluded. Population age 
considered too indirect. 

Schmidt 
1998 

Preterm infants (weight 750 - 1900 g); 
post-natal age 2 to 12 h; endotracheal 
intubation and mechanical ventilation for 
RDS, and indwelling arterial catheter. 

Mortality, bleeding, 
intra-ventricular 
hemorrhage 

Excluded. Population age 
considered too indirect. 

McCrindle 
2015 

17 infants (8 in ATIII group, 9 in control) 
undergoing heart surgery and 
cardiopulmonary bypass. 

Thrombosis, 
bleeding, infection 

Included. Although indirect on 
how the intervention is 
administered. 

Mitchell 
2003 

Children with acute leukemia and 
asparaginase treatment. 

Thrombosis, 
bleeding 

Included, although indirect 
population (children with 
leukemia) 

B. Non-randomized studies [5-12] 

Haussmann 
2006 

Children (0.2 to 19.6 years of age) 
undergoing stem cell transplantation 

Mortality, bleeding, 
thrombosis 

Excluded due to indirectness of 
population. 

Wong 2015 Children undergoing ECMO for 
respiratory failure 

Mortality, bleeding, 
thrombosis 

Included   

Wong 2016 Children undergoing ECMO for 
respiratory failure 

Mortality, bleeding, 
thrombosis 

Included   

Corder 
2014 

Neonates / infants with thrombosis and 
treated with enoxaparin (treatment, not 
prophylaxis) 

Bleeding, 
thrombosis 

Excluded. Population with 
thrombosis (i.e., not prophylaxis) 

Niebler 
2011 

Pediatric patients on ECMO Mortality, bleeding Retrospective chart review of 
cases and controls. Study with 
zero thrombotic events. Excluded 

Perry 2013 Neonates with congenital diaphragmatic 
hernia requiring ECMO 

Bleeding Excluded. Indirect population, 
and does not evaluate the 
outcome of VTE. 

Petaja 1999 Neonates who underwent heart surgery Mortality, 
thrombosis 

Excluded due to indirectness of 
population (neonates undergoing 
heart surgery) 

Stansfield 
2016 

Infants requiring ECMO. Mortality, bleeding  Excluded due to indirectness 
(clots were measured in the 
ECMO circuit, and not in 
patients); also, zero events. 

 
 
AT-III, antithrombin III; RDS, respiratory distress syndrome; ECMO, extra-corporeal membrane 
oxygenation; VTE, venous thromboembolism. 
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Table 2 of example 2 
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Figure of example 2 

 
  

RISK OF BIAS IN RANDOMIZED STUDIES (Cochrane tool) 

A. Random sequence generation (selection bias)

B. Allocation concealment (selection bias)

C. Blinding of participants and personnel (performance bias)

D. Blinding of outcome assessment (detection bias)

E. Incomplete outcome data (attrition bias)

F. Selective reporting (reporting bias)

G. Other bias

A) RANDOMIZED STUDIES

A B C D E F G

Risk of bias

RISK OF BIAS IN NON-RANDOMIZED STUDIES (ROBINS-I) 

A. Bias due to confounding

B. Bias in selection of participants

C. Bias in classification of interventions

D. Bias due to departures from intended interventions

E. Bias due to missing data

F. Bias in measurement of outcomes

G. Bias in selection of the reported result

A B C D E F G

Risk of bias

B) NON-RANDOMIZED STUDIES

Figure 1. Case 1 forest plots, randomized and non-randomized studies. Antithrombin III replacement for the 
prevention of arterial or venous thrombosis in children undergoing extracorporeal membrane oxygenation 
therapy. (A) only RS, (B) only NRS, and (C) both RS and NRS by subgroups.

C) RANDOMIZED AND NON-RANDOMIZED STUDIES
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Supplementary material 3 

Example 3 

In January 2016, a Health Technology Assessment unit is working on the question: 

“Should vitamin D be supplemented to all pregnant women for the prevention of 

recurrent wheeze or asthma in their infants?” 

Willing to include NRS, the review team evaluates the body of evidence from RS 

first. Only one published RS is found (figure 1) with an overall certainty in the 

evidence classified as very low due to serious risk of bias and very serious imprecision 

(table 1). The team decides to search NRS. They find and include six which are 

assessed and deemed low certainty of evidence due to risk of bias (confounding). 

However, in consultation with content experts, the authors judged that there is a 

dose-response effect (inverse relationship between the adjusted ORs and increased 

dosages or levels of vitamin D) which upgrade the Certainty by one level, from low 

to moderate. 

Analysis 

In this case, the certainty in the evidence from NRS is higher than RS. The main 

difference between RS and NRS in the GRADE domains results from the very 

serious imprecision from RS and the risk of bias. It could be argued that the observed 

dose- response effect in NRS results from a dose dependent confounding, that is, the 

higher the vitamin D exposure the greater is the influence of residual confounding 
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on the outcome. If that were the case the raters should not upgrade for dose response 

effects and the overall Certainty from NRS would end up as low rather than 

moderate. 

Authors should consider which option provide the least biased alternative that 

provides the highest confidence for decision-making. In this case, they could use only 

the evidence from NRS to provide a recommendation in favor of vitamin D given 

the moderate certainty in the evidence (and if we believe in the dose response effect) 

after comparing it with the body of evidence from RS (deemed very low certainty). 

Epilogue 

A year later (January 2017) an updated search yields two more RS added to the 

meta- analysis (figure 2). Three studies now provide an effect estimate excluding the 

null (45 fewer cases of asthma/wheezing per 1,000 treated; 95% C.I. from 80 fewer 

to 3 fewer; see table 2) and a final certainty deemed as moderate (only downgraded 

one level due to imprecision). After adding this evidence, authors would be more 

comfortable with a conditional (or even strong) recommendation in favor of vitamin 

D. 

Two important details to note: first, RS and NRS are now at the same certainty 

level, still with some (arguable) differences in the precision of the effect estimates and 

the lingering risk of bias (confounding) from NRS; second, the direction of both effect 
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estimates concur in favor of vitamin D. Authors could feel reassured in portraying 

both study designs in a single table (table 2) either in two rows, or even pooled into 

a single effect estimate, if feasible and sensitivity analyses are performed to assess the 

effects of the study designs after pooling. The only difference among the GRADE 

domains (besides the risk of bias) stems from the imprecision from RS, which can be 

averted with the incorporation of NRS. 
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Figure 1 of example 3. 

 
  

Figure 2. Case 2 forest plots, randomized and non-randomized studies. Vitamin D supplementation in pregnant 
women for the prevention of asthma/wheezing in their infants.

A) RANDOMIZED STUDIES

RISK OF BIAS IN RANDOMIZED STUDIES (Cochrane tool) 

A. Random sequence generation (selection bias)

B. Allocation concealment (selection bias)

C. Blinding of participants and personnel (performance bias)

D. Blinding of outcome assessment (detection bias)

E. Incomplete outcome data (attrition bias)

F. Selective reporting (reporting bias)

G. Other bias

RISK OF BIAS IN NON-RANDOMIZED STUDIES (ROBINS-I) 

A. Bias due to confounding

B. Bias in selection of participants

C. Bias in classification of interventions

D. Bias due to departures from intended interventions

E. Bias due to missing data

F. Bias in measurement of outcomes

G. Bias in selection of the reported result

B) NON-RANDOMIZED STUDIES

A. Random sequence genera1on 
B. Alloca1on concealment 
C. Blinding of par1cipants and personnel 
D. Blinding of outcome assessment 
E. Incomplete outcome data 
F. Selec1ve repor1ng 
G. Other bias

Cochrane Risk of Bias tool

A. Bias due to confounding 
B. Bias in selec1on of par1cipants 
C. Bias in classifica1on of interven1ons 
D. Bias due to departures from intended 

interven1ons 
E. Bias due to missing data 
F. Bias in measurement of outcomes 
G. Bias in selec1on of the reported result

ROBINS-I tool

RISK OF BIAS

Low
Moderate

Serious
Cri/cal

A. Random sequence genera1on 
B. Alloca1on concealment 
C. Blinding of par1cipants and personnel 
D.Blinding of outcome assessment 
E. Incomplete outcome data 
F. Selec1ve repor1ng 
G.Other bias

Cochrane Risk of Bias tool

Outcome: Asthma / wheezing 
Randomized studies

Figure 1. Forest plots, randomized and non-randomized studies. Vitamin D supplementation in 
pregnant women for the prevention of asthma/wheezing in their infants.
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Table 2 of example 3 
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Figure 2 of example 3 

 
 
 

Figure 3. Case 2 forest plots updated –January 2017. Randomized and non-randomized studies. Vitamin D 
supplementation in pregnant women for the prevention of asthma/wheezing in their infants.

A) RANDOMIZED STUDIES

RISK OF BIAS IN RANDOMIZED STUDIES (Cochrane tool) 

A. Random sequence generation (selection bias)

B. Allocation concealment (selection bias)

C. Blinding of participants and personnel (performance bias)

D. Blinding of outcome assessment (detection bias)

E. Incomplete outcome data (attrition bias)

F. Selective reporting (reporting bias)

G. Other bias

RISK OF BIAS IN NON-RANDOMIZED STUDIES (ROBINS-I) 

A. Bias due to confounding

B. Bias in selection of participants

C. Bias in classification of interventions

D. Bias due to departures from intended interventions

E. Bias due to missing data

F. Bias in measurement of outcomes

G. Bias in selection of the reported result

B) NON-RANDOMIZED STUDIES

A. Bias due to confounding 
B. Bias in selec2on of par2cipants 
C. Bias in classifica2on of interven2ons 
D. Bias due to departures from intended 

interven2ons 
E. Bias due to missing data 
F. Bias in measurement of outcomes 
G. Bias in selec2on of the reported result

ROBINS-I tool

RISK OF BIAS

Low
Moderate

Serious
Cri/cal

A. Random sequence genera2on 
B. Alloca2on concealment 
C. Blinding of par2cipants and personnel 
D. Blinding of outcome assessment 
E. Incomplete outcome data 
F. Selec2ve repor2ng 
G. Other bias

Cochrane Risk of Bias tool

A. Bias due to confounding 
B. Bias in selec2on of par2cipants 
C. Bias in classifica2on of interven2ons 
D. Bias due to departures from intended 

interven2ons 
E. Bias due to missing data 
F. Bias in measurement of outcomes 
G. Bias in selec2on of the reported result

ROBINS-I tool

RISK OF BIAS

Low
Moderate

Serious
Cri/cal

A. Random sequence genera2on 
B. Alloca2on concealment 
C. Blinding of par2cipants and personnel 
D. Blinding of outcome assessment 
E. Incomplete outcome data 
F. Selec2ve repor2ng 
G. Other bias

Cochrane Risk of Bias tool

Figure 2. Forest plots updated –January 2017. Randomized and non-randomized studies. Vitamin D 
supplementation in pregnant women for the prevention of asthma/wheezing in their infants.
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Abstract 

This is the 20th in the ongoing series of articles describing the GRADE approach to 

systematic reviews, guidelines, and health technology assessment.  

Systematic review authors, guideline developers, and other knowledge syntheses’ 

practitioners use randomized studies (RS) and non-randomized studies (NRS) as 

sources of evidence for questions about health interventions. Well conducted RS 

represent the most reliable individual source of evidence for estimating relative 

effects, primarily because of protection against confounding. NRS, however, can 

provide valuable information as complementary, sequential, or replacement 

evidence for RS.  

This article provides guidance on how to integrate NRS with RS in a body of 

evidence for questions about health interventions, focusing on the implications of 

using one or both type of studies on the overall certainty of the evidence, and on the 

decision to include them in health recommendations. This guidance provides a 

framework to help authors, guideline panelists, and methodologists conducting 

knowledge syntheses using GRADE. The final sections of this article deal with 

requirements for further work. 

Keywords: GRADE, quality of evidence, certainty of the evidence, risk of bias, non-

randomized studies, ROBINS. 
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Background 

Randomized studies (RS) provide the best source of evidence for estimating effects5 

on outcomes in knowledge syntheses and health guidelines. Non-randomized studies 

(NRS) of representative populations provide the best evidence with respect to 

prognosis and baseline risk,1 and are useful in many situations as replacement, 

sequential, or complementary evidence for using with a body of evidence of RS.2 

They are, however, limited by potential confounding and other biases. 

Authors of knowledge syntheses evaluating a health question of an intervention 

require the most complete and least biased studies to present estimate of effects with 

the highest certainty, and guideline developers will need these syntheses to generate 

trustworthy recommendations. This is why most experts consider incorporation of 

NRS with RS in systematic reviews about interventions desirable.3 In this article, 

although we will at times mention that NRS are ideal for assessing baseline risk, our 

focus is primarily on the use of NRS to generate relative estimates of effect of 

interventions. 

If authors identify and decide to include both types of studies for their PICO 

question, they could face several challenges, specifically: how will their conclusions 

                                                             
5 For the remainder of the discussion, we will use the term “estimates of relative effects”. The reader can 
assume we are referring to estimates of relative effect of interventions on binary outcomes or absolute effect 
from studies using continuous variables. 
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be affected if differences in the direction and magnitude of effects between study 

designs are found? what would be the effect of the differences in the individual 

GRADE domains, including risk of bias? and how should authors present results in 

evidence profiles and summary of findings tables? For this guidance, we will consider 

knowledge synthesis as any systematic review, rapid review, health technology 

assessment, or any other attempt to summarize all pertinent studies on a specific 

question.4 This guidance will look from both the perspective of a knowledge synthesis 

author and the clinical guideline developer who aims at generating a 

recommendation.  

This guidance is based on previous works, meetings, webinars, and workshops with 

members of Cochrane, the Guidelines International Network (GIN), and GRADE, 

with feedback and refinement from the GRADE project group on NRS and other 

GRADE members.2, 3, 5 The Cochrane Methods Innovation grant, the National 

Toxicology Program in the U.S., and the McMaster GRADE centre have provided 

support for this project.  

The first section of this guidance will consider reasons for integrating6 NRS at the 

early stages of formulating a research question for a knowledge synthesis. The second 

section deals with the possible scenarios encountered when evaluating a body of 

                                                             
6 * For this discussion, when we use the term “integration” it will refer to any form of using RS and NRS 
together, either in the same synthesis, in the same summary of findings (same table but separated in rows), 
or in the same analysis (pooled into a single estimate). 
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evidence with RS and NRS. The third section explains how to portray RS and NRS 

in GRADE summary of findings tables and evidence profiles and the implications 

on the GRADE domains for certainty of evidence. Finally, we will discuss future 

areas of research and next steps, including the use of new tools for assessing the risk 

of bias of NRS. 

1. How to consider inclusion of non-randomized 
studies in knowledge syntheses 

1.1. The importance and role of a protocol and search 
strategy 

Authors of knowledge syntheses must decide and declare from the outset (i.e., in the 

protocol of a systematic review) any pre-specified criteria about the type of study 

(NRS or RS) for which they will search and under which circumstance these articles 

should be evaluated or included (figure 1). This offers transparency and increases 

confidence in the results.6, 7 It is important for authors to detail in the protocol stage 

their PICO question (patient, intervention, comparisons, and outcomes) and 

describe how a study that answers this question would be conducted by randomized 

controlled experimentation, regardless of the feasibility to do it. 8  

Authors may have reasons to search and include NRS irrespective of the availability 

of RS that yield high certainty evidence for primary intervention effect. The most 
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common would be looking for evidence regarding baseline risk, and including 

outcomes for which RS evidence would be sparse or unavailable (e.g. rare adverse 

outcomes). Another reason may be serious indirectness in the RS evidence. 

Systematic review authors who decide to include NRS should search for both types 

of evidence, with a filter that differentiates the two. Current reference managers, 

search strategies, and filters make this objective achievable. 9, 10 

1.2. When to include NRS (eligibility criteria) 

The remainder of this discussion focuses on situations in which authors have 

concluded that they might plausibly find NRS that complement or replace RS with 

respect to estimates of relative effect (i.e. experts know of NRS that yield at least low 

quality evidence). Having completed the search, authors should first do a complete 

assessment of the RS, including the GRADE assessment of certainty of evidence (see 

figure 1). If the GRADE assessment reveals high certainty of evidence, further 

evaluation of NRS to complement estimates of relative effect are not necessary, 

except in extraordinary circumstances when authors are aware of NRS that are 

likely to yield moderate certainty evidence, this also applies when RS assessments 

show moderate certainty. Authors must consider this issue for all patient-important 

outcomes; RS may provide high certainty for benefit but not for harm outcomes, 

particularly when these outcomes are rare. When authors face evidence from RS 

deemed moderate, low, or very low certainty, the evaluation of the eligible NRS has 
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the potential to be helpful. Eligibility criteria for the NRS should be restricted to 

studies that will plausibly yield evidence of equal certainty to the RS – for instance, 

unbiased NRS with adequate sample size that undertook adjustment for key 

prognostic variables and achieved satisfactory follow-up. 

2. Optimal use of randomized and non-
randomized studies 

2.1. Possible scenarios when dealing with two bodies of 
evidence 

Figure 2 presents the possible combinations of results that may emerge from 

certainty ratings of the RS and NRS bodies of evidence. Although 16 possible 

combinations are theoretically possible, a number are extremely implausible (i.e., 

that both NRS and RS are high certainty – cell A), highly unlikely (NRS with high 

certainty –the first column, cells E, I, and M), or straightforward (if RCTs have high 

certainty –the first row, cells A to D– under most circumstances one shouldn’t bother 

assessing the NRS).  

2.2. Using non-randomized rather than randomized 
studies 

When NRS provide higher certainty than RS one needn’t present the RS results 

(green cells from figure 2). Take for instance the case of the use of vitamin D in 
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pregnant women for the prevention of asthma or wheezing in infants, where RS 

provide very low certainty evidence (due to very serious imprecision and risk of bias) 

while NRS provide moderate certainty evidence (due to very serious risk of bias that 

eventually is upgraded because of a dose-response effect); in this case NRS can be 

utilized alone without considering RS.11 However, one should always consider 

exceptions where RS could still be included, especially when they provide valid 

information or improvements in GRADE domains.  

Consider, for example, one recent systematic review12 comparing the failure rate of 

antibiotics versus appendectomy in children with uncomplicated appendicitis (table 

1), which includes a body of evidence of RS deemed low certainty (only one RS 

included with very serious imprecision), while the body of evidence from NRS is 

considered moderate certainty (downgraded two levels for serious risk of bias, then 

upgraded one level for strong association). In this case (corresponding to cell J from 

figure 2) some experts using this review for a recommendation in a health guideline 

might judge that the reason to downgrade the RS (very serious imprecision without 

concerns in the other GRADE domains) makes the integration of RS and NRS 

possible, either in a single summary of findings table (keeping separated in two rows) 

or merged into a single pooled estimate. Other experts might judge that the body of 

evidence of NRS is sufficient to make a recommendation in favor of surgery and will 

discard the RS. 
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2.3. Using either or both types of studies 

Previous GRADE guidance suggested, when certainty of evidence was the same in 

RS and NRS (orange cells from figure 2), to present both bodies of evidence in 

separate rows in evidence profiles.13 Here we provide new guidance for presenting 

and integrating both types of studies and associated considerations. 

When bodies of evidence from RS and NRS provide the same level of certainty, the 

authors of a systematic review or a health guideline can use both RS and NRS in a 

single summary of findings, separated or pooled (see 3.2 below). However, on 

occasions they must decide which of the two bodies of evidence leaves them with 

higher certainty, always considering each GRADE domain affected and the 

implications on the final recommendation. 

Consider, for instance, a guideline panel assessing a question about routine use of 

probiotics in preterm infants in the neonatal intensive care unit with the intention of 

preventing necrotizing enterocolitis (table 2). When evaluating the outcome of 

culture proven sepsis, the authors rate down the body of evidence of RS for 

imprecision and inconsistency (giving a low certainty) while NRS are also deemed 

low certainty due to lack of randomization and consequential confounding, but no 

other concerns. In this case, both bodies of evidence are at the same level of certainty 

(low) and in most situations, it would be preferable to present both RS and NRS in 

summary of findings so decision-makers can reach a recommendation by viewing 
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both; however, in this example, the panel could feel that the most trustworthy 

information comes from NRS given the precision provided –excluding the null and 

the appreciable threshold of harm– and the notion that NRS are preferable for 

evaluating harm outcomes. 

3. Presenting in GRADE tables 

If authors, by following guidance from figure 1 and considering the points described 

above (2.1 to 2.3), decide to include RS and NRS for estimating relative effects, they 

have several options to portray both bodies of evidence in evidence profiles and 

summary of findings tables (figure 3 and appendices 1, 2, and 3). 

3.1. Alternative presentations 

Consistent with prior GRADE guidance,13 and preferred by experts3 especially 

when confronting RS and NRS with similar certainty, presenting the findings 

from the two bodies of evidence in adjacent rows of the summary of findings 

represents the preferred approach. Presenting the two bodies of evidence in 

separate tables represents a reasonable alternative (figure 3).  

3.2. Combining both type of study designs 

Considerations motivating this guidance have included differences in risk of bias and 

the possibility of large NRS dominating small RS. If, however, authors have rated 
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down the RS for risk of bias, and the NRS residual confounding and selection bias 

within the ROBINS-I framework leave NRS at a similar risk of bias as RS then one 

can contemplate pooling all the studies in the same analysis8. This would require not 

only similar overall risk of bias, but also similar results. We anticipate such situations 

will be unusual. Nonetheless, we present an example on how a summary of findings 

table like this would appear (appendix 3), and we require additional examples to 

provide more detailed guidance on these specific situations. 

4. The role of ROBINS-I 

Until now, we have assessed the integration of both bodies of evidence in GRADE 

irrespective of which risk of bias assessment tools had been used. GRADE does not 

suggest using one risk of bias tool over another. However, the use of ROBINS-I in 

GRADE assessments may facilitate comparison of evidence between RS and NRS 

because they are placed on a common metric for the assessment of risk of bias.5 As 

detailed in section 3.2, integrating both study designs will require considering the 

methodological similarities between RS and NRS. ROBINS-I suggests that a low 

risk of bias NRS is equivalent to a well conducted RS answering the same PICO 

question. In such cases, the main difference between RS and NRS results from the 

randomization process, which protects essentially from the first three biases depicted 

in figure 4. If the assumption that NRS have none or minimal concerns regarding 
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confounding and selection bias holds (e.g. in well conducted interrupted time series), 

there should be no concerns when these NRS are integrated with RS, especially if 

other GRADE domains are similar and/or improved. Again, we have not yet 

identified compelling examples. 

5. Summary and next steps 

The use of GRADE can guide authors of knowledge syntheses in considering RS 

and NRS to inform health questions (see table 3). In some situations, authors will 

decide not to search for NRS to address issues of relative effect, e.g. when the 

intervention is a well-known treatment and they anticipate identifying large well-

conducted randomized trials evaluating its efficacy. Under such circumstances, 

searching, screening, analyzing, and presenting evidence from NRS unnecessarily 

adds substantial work. – though it may still be desirable to search of other sorts of 

NRS that address issues of baseline risk. However, health questions exist and require 

answers regardless of the current underlying evidence and, thus, authors will have 

to look for the highest quality evidence available, which when high certainty RS are 

not available may be NRS to further complement the body of evidence from RS 

(e.g. when indirect or imprecise) or replace RS if the overall certainty of evidence is 

higher from NRS than RS. We provide guidance in this article to accomplish this. 

If authors have initially decided to search for NRS, but then rejected using that entire 
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body of evidence, the may consider reporting the NRS studies in their 

documentation of “excluded studies”.14  

5.1. Unresolved issues and next steps 

We have based this guidance on performing scoping reviews, surveying experts to 

obtain their advice, preferences, rationale and through feedback and refining using 

qualitative methods during meetings and online discussions with the GRADE NRS 

project group specifically and the GRADE Working group more broadly. Further 

research is needed to test the main premise that using a strategy of looking for NRS 

when reviewers anticipate that RS will yield very low, low, or on rare occasions 

moderate certainty of evidence, versus the current strategy of looking for only for RS 

from the outset, will result in important gains in evidence summaries to support 

decision making. Such research might address the distribution of GRADE certainty 

of evidence levels in systematic reviews that includes RS and NRS, or which 

GRADE domains prove to have serious limitations in NRS and RS when reviewer 

authors consider both bodies of evidence. 

As ROBINS-I will be utilized more frequently as the main risk of bias tool in 

Cochrane and non-Cochrane reviews, we will need to explore and test new GRADE 

metrics for downgrading and upgrading NRS. 
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5.2. Summary points 

• The GRADE approach supports authors in deciding whether to look and 

integrate NRS with RS in knowledge syntheses about health interventions. 

• We suggest not searching for NRS in a knowledge synthesis if authors 

anticipated that will identify RS that prove to have high certainty evidence. 

When authors anticipate very low, low or moderate certainty evidence from 

RS, they should consider also searching for relevant NRS.  

• Bodies of evidence from NRS will generally be classified as high certainty 

only when authors can identify reasons for rating up (typically very large 

effects and dose response relationships). Without such rating up, high 

certainty is theoretically possible yet very unlikely to occur. 

• NRS that are higher certainty than RS can be used as a single body of 

evidence, in the same manner as RS that are higher certainty than NRS can 

be used as a single body of evidence. 

• If authors decide to include both bodies of evidence, the preferred strategy is 

to present both bodies of evidence in adjacent rows of an evidence profile or 

SoF table, though other options are available. 

• We suggest that authors are cautious in pooling RS and NRS, transparently 

report their reasons for doing so and seek expert methodological advice. 
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The use of ROBINS-I requires the same caution in this context but may 

help with the choices for doing so. 

-- 
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Table 2. 
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Table 3 

GRADE judgements and implications for integration of randomized and non-
randomized studies. 

GRADE  
DOMAIN 

JUDGEMENT 
BETWEEN RS 
AND NRS 

IMPLICATIONS FOR INTEGRATION* 

Risk of bias Risk of bias is 
similar between 
RS and NRS 

Using GRADE, NRS are rated down by two levels due to absence 
of randomization; if other biases (e.g., missing data, unblinded 
outcome assessment, etc.) are deemed unlikely, no further 
downgrading is undertaken. If RS present no concerns about risk 
of bias they remain at high certainty.  
In the context of GRADE, confounding bias should prompt rating 
NRS as serious risk of bias on ROBINS-I (that is rating down by 
two levels). With GRADE this leads to a rating of ‘very serious’ 
unless authors have strong justification to not consider risk of bias 
due to confounding (e.g., in a study with strong interrupted time 
series design); this is rare because bias due to confounding and 
other bias such as due to selection of participants are rarely 
eradicated, even with good adjustment techniques. With ROBINS-I 
we consider RS and NRS at the same metric, using an “ideal” 
randomized trial as benchmark, and on occasions, they can have 
the same risk of bias; for example, if RS are deemed ‘very serious’ 
due to poor description of the randomization process, and NRS are 
without concerns of bias other than the confounding and end up 
as ‘very serious’ too. A similar risk of bias between RS and NRS will 
make integration into a single pooled estimate more feasible and 
appropriate (considering other GRADE domains). 

Risk of bias is 
different 
between RS and 
NRS 

If RS have less concern of bias than NRS, there will be compelling 
reasons to use RS only; however, exceptions can occur when other 
GRADE domains are considered (e.g., indirectness from RS vs 
direct evidence from NRS) and NRS can still provide 
complementary evidence. 
If NRS have less concern of risk of bias than RS, either because RS 
have very serious risk of bias, or because NRS have good reasons 
to not rate down (i.e., no reasons to suspect residual confounding), 
then NRS can be used alone or even pooled with RS if it is 
considered sensible (e.g., no important differences on other 
GRADE domains, similar direction/magnitude of effects, etc.) 

Inconsistency Similar concerns 
of inconsistency 

If both RS and NRS have no inconsistency, the integration into a 
single summary of findings separated in two rows or into a single 
pooled estimate may be appropriate, although it may be restricted 
to judgments that influence ratings on other GRADE domains, in 
particular, indirectness and imprecision.  
If both RS and NRS have concerns of inconsistency, any form of 
integration will be less appropriate. 
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GRADE  
DOMAIN 

JUDGEMENT 
BETWEEN RS 
AND NRS 

IMPLICATIONS FOR INTEGRATION* 

Different 
concerns of 
inconsistency 

If the body of evidence from RS and NRS indicates inconsistent 
results that cannot be explained other than by risk of bias 
considerations, then RS and NRS should be considered separately. 
If one body of evidence is clearly leaving us with higher certainty 
of evidence our answer to a health question will rely on that body 
of evidence. 

Indirectness Similar concerns 
of indirectness 

If authors have concerns of indirectness from both RS and NRS, 
they will have to rely on the body of evidence with highest 
certainty by assessing other GRADE domains. 

Different 
concerns of 
indirectness 

Direct evidence from NRS can provide equivalent or potentially 
higher certainty compared to indirect evidence from RS. In such 
cases, using both or only NRS may be appropriate. If using both, 
however, the option to integrate into a single pooled estimate will 
be less appropriate. 

Imprecision Similar concerns 
of imprecision 

If imprecision is the only affected GRADE domain in a body of 
evidence of RS or NRS, their integration may be feasible and 
appropriate. If both RS and NRS have imprecise results, the 
integration will depend mostly on other GRADE domains and in 
the overall certainty.  

Different 
concerns of 
imprecision 

Precise results in one body of evidence can complement imprecise 
results in another and may influence our decision to use one over 
another. However, even in they differ, it is still feasible to integrate 
both types of studies if sensible by considering other GRADE 
domains affected and the overall certainty. 

Publication bias Similar or 
different 
concerns of 
publication bias 

Both RS and NRS are prone to this type of bias. Publication bias 
has less weight on the decision to integrate RS and NRS in any 
form, and authors should base their choice for integration based 
on the overall certainty of evidence for each outcome. 

Large effects Only applicable to 
NRS 

A large effect (strong association) can increase the certainty in the 
body of evidence of NRS. On occasions this will make it more likely 
to integrate with RS or using only NRS. 

Dose-response Only applicable to 
NRS 

Dose response can increase the certainty in the body of evidence of 
NRS and the appropriateness of integration with RS, or even the 
consideration for using only NRS over RS. 

Opposing residual 
confounding 

Only applicable to 
NRS 

If opposing plausible residual confounding is suspected, authors can 
rate up one level the certainty in NRS and apply other GRADE 
criteria to evaluate the appropriateness of integration with RS. This 
domain is optionally included on each ROBINS-I item, as an add-on 
for signaling questions; therefore, authors may evaluate opposing 
residual confounding in the risk of bias GRADE domain, and not as a 
stand-alone domain; more testing and empirical observations are 
needed. 
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Figure 1. 
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Figure 1. Flowchart regarding the process of conducting a systematic review about 

a health intervention considering the role of randomized and non-randomized 

studies.    Points 1 and 2 can be addressed from the protocol stage; the rest are in 

relation to the conduction of the systematic review. 

a. In the protocol stage for the systematic review, state your PICO eligibility 

criteria, which can apply to either RS or NRS. Consider if you want to 

search for NRS to inform baseline risk (which will involve separate eligibility 

criteria). 

b. If you are looking for NRS to inform baseline risks, or if expert advice 

suggests that any of the points in this box apply, look for NRS from the 

outset, regardless of your intention to look for RS. 

c. If you have decided to possibly include NRS, a comprehensive search 

should produce a database of references that include both RS and NRS and 

filters to differentiate if/when needed. We suggest screening titles and 

abstracts for RS first and, if found, proceed to full-text screening, data 

extraction, and assessment of risk of bias. If you find no RS, we suggest 

seeking NRS unless you have a clear reason for not doing so, which should 

be declared in the systematic review document. 

d. Assess the GRADE certainty in the evidence of RS by outcome.  



Ph.D. Thesis – Carlos A. Cuello-Garcia; McMaster University – Health Research Methodology 

 168 

e. With high certainty evidence from RS, there is no reason to search for NRS 

(unless authors are seeking NRS to inform baseline risk). With very low and 

low certainty of evidence, authors should evaluate the available NRS for 

eligibility if experts suggest that informative NRS are available. With 

moderate certainty of evidence from RS, it is unlikely that authors will find 

NRS with similar or higher certainty of evidence (i.e., NRS classified as 

moderate or high), and evaluation of NRS for relative effects should 

proceed only if there is knowledge that very exceptional NRS are available.  

f. Consider the eligibility criteria of NRS, which should yield evidence of 

similar certainty to the RS – for example, NRS with adequate sample size 

that undertook adjustment for key prognostic variables and achieved 

satisfactory follow-up. 

g. Once NRS are considered applicable for the research question and data 

extraction is completed, authors should GRADE the certainty of the body 

of evidence from NRS. 
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Figure 2 
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Figure 2. Sixteen possible scenarios to encounter when evaluating bodies of evidence 

of RS and NRS. See text for full description. 
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Figure 3 
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Figure 3. Three possible presentations of both RS and NRS in GRADE evidence 

profiles. For an example with summary of findings tables see appendices 1, 2, and 3. 

See also text for full description. 
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Figure 4 
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Figure 4. Types of bias met in non-randomized studies (left column) and randomized 

studies (right column) with the situations or actions performed in a randomized trial 

that protect against these biases on each type of study (center column). In 

parentheses are depicted other nomenclatures for biases. 
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Supplementary material 1 

Appendix 1a. Example of presentation in summary of findings with 
RS and NRS still with distinction among the two. 

 

 
  

 
SUMMARY OF FINDINGS TABLE. Probiotics compared to no probiotics for premature newborns less than 1500 grams and/or less than 34 weeks  

Outcomes № of participants 
(studies) 
Follow-up 

Quality of the 
evidence 
(GRADE) 

Relative effect 
(95% CI) 

Anticipated absolute effects 

Risk with no 
probiotics 

Risk difference with 
Probiotics 

All cause neonatal mortality – Randomized studies 
(mortality)  

5303 
(17 RCTs)  

⨁⨁⨁⨁ 
HIGH a,b 

RR 0.70 
(0.55 to 0.88)  

68 per 1,000  20 fewer per 1,000 
(31 fewer to 8 fewer)  

All cause neonatal mortality –Non-randomized studies  10768 
(11 non-
randomized 
studies)  

⨁⨁�� 
LOW c 

RR 0.72 
(0.61 to 0.86)  

66 per 1,000  18 fewer per 1,000 
(26 fewer to 9 fewer)  

Severe necrotizing enterocolitis (stage II-III) – 
Randomized studies  

5529 
(20 RCTs)  

⨁⨁⨁⨁ 
HIGH  

RR 0.47 
(0.35 to 0.63)  

57 per 1,000  30 fewer per 1,000 
(37 fewer to 21 fewer)  

Severe necrotizing enterocolitis (stage II-III) – Non-
randomized studies  

10800 
(12 non-
randomized 
studies)  

⨁⨁�� 
LOW  

RR 0.55 
(0.39 to 0.78)  

57 per 1,000  26 fewer per 1,000 
(35 fewer to 13 fewer)  

Sepsis – Randomized studies  5338 
(19 RCTs)  

⨁⨁�� 
LOW d,e 

RR 0.92 
(0.77 to 1.11)  

162 per 
1,000  

13 fewer per 1,000 
(37 fewer to 18 more)  

Sepsis – Non-randomized studies  6893 
(7 non-randomized 
studies)  

⨁⨁�� 
LOW  

RR 0.86 
(0.74 to 1.00)  

185 per 
1,000  

26 fewer per 1,000 
(48 fewer to 0 fewer)  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95% CI).  
CI: Confidence interval; RR: Risk ratio  

Explanations 

a. 5 studies with unclear (no adequate description) of the random sequence generation and seven with no adequate description of the allocation concealment process  
b. Considering a reduction of at best of 8 fewer deaths (per 1000 treated children) as clinically important or not this might be considered imprecise  
c. All studies were retrospective cohorts with historical controls with one arm where all patients received probiotics routinely while the historic control did not. Most studies used adequate methods to adjust for baseline 
confounding when suspected, except for two studies that were classified as serious risk of bias (ROBINS-i) for not using adequate strategies to adjust baseline confounding domains and variables. Residual confounding 
was considered unlikely in nine of the studies.  
d. Statistical heterogeneity of 47% on the I square value.  
e. Confidence intervals still include the plausible harm and benefit thresholds   
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Appendix 1b. Example of presentation in evidence profile with RS 
and NRS still with distinction among the two. 
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Supplementary material 2 

Appendix 2. Portrayal of randomized and non-randomized studies 
separated in two different GRADE summary of findings tables. 

 

 
 

  

 
SUMMARY OF FINDINGS TABLE 1. Randomized studies. Probiotics compared to no probiotics for premature newborns less than 
1500 grams and/or less than 34 weeks  

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of 
the 
evidence 
(GRADE) 

Relative 
effect 
(95% CI) 

Anticipated absolute effects 

Risk with no 
probiotics 

Risk 
difference 
with 
Probiotics 

All cause neonatal mortality – Randomized studies (mortality)  5303 
(17 RCTs)  

⨁⨁⨁⨁ 
HIGH a,b 

RR 0.70 
(0.55 to 
0.88)  

68 per 1,000  20 fewer per 
1,000 
(31 fewer to 8 
fewer)  

Severe necrotizing enterocolitis (stage II-III) – Randomized 
studies  

5529 
(20 RCTs)  

⨁⨁⨁⨁ 
HIGH  

RR 0.47 
(0.35 to 
0.63)  

57 per 1,000  30 fewer per 
1,000 
(37 fewer to 
21 fewer)  

Sepsis – Randomized studies  5338 
(19 RCTs)  

⨁⨁�� 
LOW c,d 

RR 0.92 
(0.77 to 
1.11)  

162 per 1,000  13 fewer per 
1,000 
(37 fewer to 
18 more)  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the 
relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio  

Explanations 

a. 5 studies with unclear (no adequate description) of the random sequence generation and seven with no adequate description of the allocation concealment process  
b. Considering a reduction of at best of 8 fewer deaths (per 1000 treated children) as clinically important or not this might be considered imprecise  
c. Statistical heterogeneity of 47% on the I square value.  
d. Confidence intervals still include the plausible harm and benefit thresholds  
 
  

SUMMARY OF FINDINGS TABLE 2. Non-randomized studies. Probiotics compared to no probiotics for premature newborns less than 
1500 grams and/or less than 34 weeks  

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of 
the 
evidence 
(GRADE) 

Relative 
effect 
(95% CI) 

Anticipated absolute effects 

Risk with no 
probiotics 

Risk 
difference 
with 
Probiotics 

All cause neonatal mortality –Non-randomized studies  10,768 
(11 non-
randomized 
studies)  

⨁⨁�� 
LOW a 

RR 0.72 
(0.61 to 
0.86)  

66 per 1,000  18 fewer per 
1,000 
(26 fewer to 9 
fewer)  

Severe necrotizing enterocolitis (stage II-III) – Non-
randomized studies  

10,800 
(12 non-
randomized 
studies)  

⨁⨁�� 
LOW  

RR 0.55 
(0.39 to 
0.78)  

57 per 1,000  26 fewer per 
1,000 
(35 fewer to 
13 fewer)  

Sepsis – Non-randomized studies  6,893 
(7 non-
randomized 
studies)  

⨁⨁�� 
LOW  

RR 0.86 
(0.74 to 
1.00)  

185 per 1,000  26 fewer per 
1,000 
(48 fewer to 0 
fewer)  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the 
relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio  

Explanations 

a. All studies were retrospective cohorts with historical controls with one arm where all patients received probiotics routinely while the historic control did not. Most studies used adequate methods to 
adjust for baseline confounding when suspected, except for two studies that were classified as serious risk of bias (ROBINS-i) for not using adequate strategies to adjust baseline confounding domains and 
variables. Residual confounding was considered unlikely in nine of the studies.  
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Supplementary material 3 

Appendix 3. Portrayal of randomized and non-randomized studies 
separated in a single summary of findings table with a single pooled 
estimate for both. 
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CHAPTER 5. CONCLUSIONS 
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Summary of findings 

This work presents three main pieces of research and analyses. Through these, the 

main findings can be summarized as follows: 

a. New methods in the field of observational studies have emerged generating 

new opportunities to use NRS with RS in knowledge syntheses of health 

interventions. 

b. Experts in knowledge syntheses are willing to use NRS with RS when facing 

a research question about a health care intervention, either in a single 

synthesis, in a single summary of findings, or in a single pooled estimate. In 

fact, many experts already do integrate these two types of studies, although, 

on most occasions, with rather different methods and without specific 

guidance. 

c. To evaluate the appropriateness of their integration, it is fundamental to 

consider the certainty of the evidence (per outcome) of both RS and NRS, 

and not just the risk of bias. 

d. If integration of both type of studies in a single summary of findings is deemed 

appropriate, most experts prefer to draw a distinction between RS and NRS 

(i.e., separated in two rows in GRADE summary of findings tables). However, 
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in special circumstances pooling both designs may be appropriate; for 

example, if both have same direction of effects, and direct evidence from NRS 

do not suffer from additional risk of bias and RS are deemed not to have 

higher certainty. More testing and more examples are needed, as well as an 

appropriate statistical assessment (see future research direction and needs 

below). 

e. We created guidance for authors of knowledge syntheses who wish to use RS 

and NRS in knowledge syntheses. In this, we discuss how GRADE can help 

assessing the appropriateness of integrating both bodies of evidence in 

different ways. Also, we provide insights about the ROBINS-I tool for 

assessing the risk of bias in NRS, highlighting the opportunities that this novel 

instrument represents due to its assessment of both types of evidence in the 

same absolute scale of risk of bias. 

Implications for researchers, guideline 
developers, clinicians, patients, and policy-
makers 

The implications for patients, researchers, guideline panelists, practitioners, and 

policy-makers, arise from the opportunity created to increase the certainty of the 

evidence. Systematic reviewers will benefit from the framework presented in chapter 
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4, that assess the pertinence and role of NRS in knowledge syntheses. The 

framework starts at the protocol stage of a systematic review, evaluating the 

appropriateness of incorporating NRS with RS. 

With current concerns about over-diagnosis, misguided treatments, and research 

waste,1, 2 following guidance that helps incorporating RS and NRS in knowledge 

syntheses can increase comprehensiveness and completeness on the topic or research 

question, helping researchers widen their field of studies to be included and perhaps 

to reach earlier to the point of “no further research is needed” earlier. 

Currently, many guideline developers include NRS, mostly because they provide 

vital information such as baseline risks, adverse events, or rare outcomes. The 

application of the information and advice presented here, will help guideline 

panelists increase their evidence base, gain certainty, and reach an adequate 

recommendation. In consequence, clinicians will have a more sensible and complete 

synthesis to use and share with their patients to help them understand their treatment 

options the consequences of their decisions. 

The implications for policy-makers stem from the fact that health policies are 

increasingly being based on comparative (or relative) effectiveness of interventions 

to inform decisions, and NRS are a key study design used for comparative 

effectiveness research (CER) because they are conducted in what is considered ‘real 
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world’ settings.3 Incorporating both RS and NRS in knowledge syntheses will 

increase the armamentarium for policy-makers to make informed health-policy 

decisions. 

Strengths and challenges of this work 

This work is the first to review and analyze the preferences and practices of experts 

on how to integrate RS and NRS in knowledge syntheses. It is also the first work to 

explore the integration of RS and NRS by considering their similarities and 

dissimilarities within the GRADE domains and how these differences will affect the 

appropriateness of integrating RS and NRS. Its strength relies on the transparency 

and structure that the GRADE approach provides. 

Previous guidance4-6 related to the integration of both bodies of evidence has 

approached the issue by focusing on the risk of bias, study design, and the possibility 

to find RS related to the PICO question. The approach here presented evaluates 

also the differences in the certainty in the evidence between RS and NRS, 

acknowledging that RS and NRS’ main differences might rely on domains other 

than risk of bias. 

This work also evaluates and provides guidance for the conduction of an adequate 

systematic review that considers incorporating RS and NRS. This includes a 

framework (as described in chapter 4) suggesting a search strategy (with support from 
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an information specialist) to tackle the issue of increased workload when NRS are 

included in a review. This could be viewed as guidance to improve efficiency in the 

conduct of a knowledge synthesis. 

There are also several challenges to address. We understand that evaluating the 

appropriateness and integrating NRS will require effort and will be time consuming. 

However, we believe that the guidance for making choices when to search for NRS 

and the comprehensiveness and the increased certainty are worth the effort. 

There can be errors or misapplications from users who do not follow guidance 

(presented in chapter 4) properly. For example, by using GRADE and ROBINS-I, 

users can erroneously rate the certainty of the evidence from NRS higher than really 

needed. We acknowledge the criticism from authors that by using GRADE, no 

observational study will ever obtain a ‘high’ (or even ‘moderate’) certainty rating. 

GRADE highlights that one may still rate up certainty for large effects, a dose-

response gradient, or if all plausible biases will strengthen rather than undermine 

inferences from study results.7  

One common criticism in the field of research syntheses, and biomedical research 

itself, is the poor quality of individual studies that feed any synthesis of RS and NRS. 

This important issue is not unique to our topic of integrating evidence, but to all 

knowledge syntheses, and it must be emphasized. There is also the concern that 
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researchers, after evaluating both RS and NRS, could decide to include one body of 

evidence over another based on the results that would be more suitable for their 

interests. Selecting outcomes and results also goes beyond the integration of RS and 

NRS. Transparency is key to avoid selecting evidence inappropriately and a priori 

documented decisions criteria are a way to protect against this. 

Further research directions 

The first documented clinical trial was conducted 270 years ago, the first 

randomized controlled trial 70 years ago, and methods for systematic reviews in 

health sciences have been around for more than four decades. Yet, the appropriate 

methods to incorporate RS and NRS in knowledge syntheses are still in their initial 

stages. Several areas of opportunity remain worth exploring: 

There have been methodological overviews assessing how systematic reviews 

incorporate NRS.5, 8 It would be worth adding to this knowledge an analysis of the 

differences on each GRADE domain between bodies of evidence of RS and NRS; 

this could help elucidate why these differences occur beyond randomization, where 

are the main problems, what do these differences imply when NRS and RS present 

with differences in the magnitude and direction of effect estimates, and possibly 

provide more insights for appropriate integration. 
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Further testing of our suggested approaches to integrate RS and NRS is necessary, 

starting with an assessment of different search strategies that could provide the most 

sensible and specific strategy for looking for both RS and NRS, and some testing on 

the management of the search results, including timing and effort during the 

screening and data extraction processes. 

More testing on the use of the ROBINS-I tool will be necessary in the context of 

integrating NRS with RS using GRADE. For example, more detailed guidance will 

be needed for the GRADE domain plausible residual confounding as to when one 

would not rate down for confounding bias by two levels when using ROBINS-I.  

Examples of bodies of evidence from NRS that would not be rated down for 

confounding bias when using ROBINS-I, such as strong interrupted time series or 

other non-randomized designs are lacking. Furthermore, when it comes to research 

questions for which RS and NRS evidence is available, there is currently no real-life 

example where both (or at least the NRS) are classified as ‘high’ certainty. The 

reason for this could be that such a situation would reach unethical grounds; for 

instance, if a body of evidence from RS is considered ‘high’ certainty, there would 

be no reason to conduct a NRS for the same outcomes and vice versa. 

Another question that remains, is whether similar RS and NRS be pooled in a single 

meta-analysis? On theoretical and practical grounds, there are no barriers to 
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proceed if the certainty for the two bodies of evidence is judged similarly (e.g. both 

end up as low certainty) but more examples are required. 

Final remarks  

NRS can provide valuable information for knowledge syntheses of interventions 

when being used as sequential, supplemental, or replacement of RS.9 Clinicians, 

researchers, and policy-makers can benefit from the guidance provided here to 

integrate RS and NRS in any type of knowledge synthesis about an intervention.  

Better health outcomes can be achieved with the help of better information obtained 

through high quality research syntheses. This dissertation represents an effort for 

increasing the quality of research syntheses of interventions by attaining 

comprehensiveness of the evidence about interventions so all stake-holders can reach 

decisions with higher confidence. 
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