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Abstract

Background: Multiple classifications have been developed that clas-
sify the medical literature into different levels of evidence to facilitate 
the evaluation of study results and practice of evidence-based medi-
cine. The suggested hierarchies of evidence are generally based on the 
type of study design; randomized, controlled clinical trials constitute 
the top level of evidence while case reports rank the lowest among 
epidemiologic study designs. However, little is known about the fre-
quency with which different study designs appear in the medical lit-
erature overall. The purpose of this study was to describe trends in the 
frequency of reports of randomized control trials (RCTs) as compared 
to other study designs in the medical literature over two decades.

Methods: Data about the prevalence of various types of study designs 
in the medical literature over the last two decades (years 1990 - 2009) 
were abstracted from PubMed, validated and subjected to cross-sec-
tional and longitudinal analysis.

Results: In the last 20 years, the annual rate of publication of journal 
articles has more than doubled. During this period, the percentage of 
observational studies increased from 29.9% to 40.5%, the percentage 
of reports of RCTs increased minimally, and there was a striking de-
cline in the percentage of case reports (from 49.8% to 33.6%) in the 
medical literature overall. In contrast, in three selected, highly cited 
medical journals, the percentage of reports of RCTs increased by al-
most 10%. Surprisingly, the percentage of articles classified as case 
reports also increased (from 36.3% to 43.8%) in these three journals, 
while the percentage of reports of cohort and case-control studies de-
creased.

Conclusion: Though the relative frequency of reports from RCTs 
has not changed substantially in the last 20 years, cohort studies and 
case-control studies have largely supplanted simple case reports. In 
contrast, in high impact journals, the representation of RCTs and case 
reports has increased, with corresponding declines in reports based 
on other study designs. Further research will be needed to determine 
whether those trends in publication have resulted in more robust evi-
dence and faster advancement of medical knowledge.

Keywords: Clinical trials; Observational studies; Study design; 
Trend; Clinical research

Introduction

Over the last several decades, clinical research and epidemiolo-
gy have had a significant impact on clinical medicine, account-
ing for substantial advances in disease prevention and treat-
ment. As part of this evolution, the field of epidemiology has 
given rise to a variety of study designs tailored towards special 
research needs and conditions like low incidence of cases or 
rare exposure. In order to provide patients with the best possible 
care, clinicians rely on high-quality research reports based on 
these different study designs to guide their medical decisions.

Multiple institutions have established classifications of 
evidence into hierarchical levels to help with the application 
of study results to evidence-based clinical practice. For such 
categorization, the strength of evidence of a given study is 
generally based upon its epidemiologic study design (Table 
1). Although randomized clinical trials (RCTs) are now widely 
accepted as the gold standard for causal inference [1] and con-
stitute the highest level of evidence in such classifications, spe-
cific circumstances in clinical medicine and research settings 
sometimes prevent the use of RCTs to investigate exposures 
as risk factors and explore benefits and risks of new treatment 
strategies [2-5]. Apart from cost issues, most commonly this is 
because randomization of the exposure is not feasible [6]. Ma-
jor surgical interventions, long latent periods, rare events, and 
unethical withholding of treatment or purposeful exposures to 
a noxious agent are just a few examples of settings where ob-
servational study designs available in clinical epidemiology are 
better suited for investigating a suspected association or causal 
relationship [7]. Furthermore, clinical trials often require a 
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more significant compromise between design for efficacy and 
generalizability of the results than other study designs [8].

Validity of comparison, which is fundamental to causal 
inference, is achieved under the fewest assumptions by a dili-
gently planned and carefully conducted RCT. This may ex-
plain why RCTs have been popularized for directing clinical 
decision making, have been moved to the top of the evidence 
ladder by many consortia (Table 1), and have received much 
attention in the medical literature. At the same time, epidemi-
ology, biostatistics, and related sciences have developed new 
methods to increase the validity and improve statistical anal-
ysis of data gathered from observational studies, thereby in-
creasing their importance as strategies for generating evidence 
that is just as important as that from RCTs [9, 10].

Currently hierarchical classifications of evidence based on 
study design are widely used but little information is available 
about recent trends in the use of these different study designs in 
the medical literature. In 1979, Fletcher and Fletcher presented 
a 30-year perspective on designs of clinical studies published 
in three selected medical journals between 1946 and 1976 [11]. 
This review was updated by McDermott et al in 1995 for the 
years 1971 - 1991 [12] again based on an analysis of three 
leading medical journals. In addition, several other investiga-
tors conducted analysis of temporal trends in study designs for 
select years and medical specialties [13-15]. With the intro-
duction of online databases like PubMed, tools have become 
available for conducting more comprehensive bibliographic 
research. In the present study, we investigate trends in the use 
of different study designs in clinical research over the last 20 
years (1990 - 2009) by reviewing the published literature re-
porting on human subjects research. To test the hypothesis that 
the publication of RCTs is increasing in high-impact journals, 
we also reviewed publications in three leading journals (the 
New England Journal of Medicine (NEJM), the Lancet and 
the Journal of the American Medical Association (JAMA)) and 
compared trends in these journals to the trends in the general 
literature indexed in PubMed in the same time period.

Methods

Bibliographic review of study design prevalence

In consultation with a professional librarian and using previ-

ously published search-term methods [16], the frequency of 
study designs in the published literature was assessed using a 
PubMed query. When research reports on human subjects are 
indexed in PubMed, they are assigned medical subject head-
ings including a classification into specific research designs. 
The categories for classification include among others: RCTs, 
non-RCTs, cohort studies, case-control studies, cross-sectional 
studies, case series or reports, editorials, letters, systematic re-
views and meta-analysis. Furthermore, primary analyses, sec-
ondary analyses, and repetitious reports are distinguished as 
part of this process.

Indexers at the United States National Library of Medi-
cine (NLM) categorize each publication using classifications 
published online (http://www.nlm.nih.gov) that include de-
scriptors for study designs and assign the corresponding pub-
lication type term. Our search for specific study designs and 
abstraction of the absolute number of studies published each 
year and for each study design were based on this classifica-
tion. In a first search, all journals indexed in PubMed for the 
years 1990 - 2009 were screened for publications that reported 
results from human RCTs, non-RCTs, cohort and case-control 
studies, cross-sectional studies or case reports without any lan-
guage or other restriction. In a subsequent step, the search was 
restricted to the NEJM, The Lancet, and the JAMA.

The appropriateness of the PubMed classification of re-
search reports by study design has not to our knowledge been 
previously studied. In order to measure accuracy and potential 
misclassification occurring with this method, we conducted a 
validation study with a subsample of the analyzed data. Us-
ing a random number generator, 21 journal issues and 125 
studies published during the time period of interest were re-
trieved from the archives of NEJM, JAMA and the Lancet, 
hand-searched, and classified based on the study classification 
suggested by Rothman et al [17]. These results were then com-
pared to the PubMed data.

Statistical analysis

Data were analyzed using SAS statistical software, version 9.2 
(SAS Institute Inc., Cary, NC), and are presented as propor-
tions or counts and 95% confidence intervals unless stated oth-
erwise. Exact confidence intervals are reported. Pearson’s cor-
relation coefficient was calculated as a measure of association. 
Proportions were compared by Pearson’s Chi-square statistic 
with continuity correction and the Bonferroni correction was 
used to account for multiple testing where appropriate. Gener-
alized estimating equations using the independence assump-
tion were used to perform cross-sectional comparisons and 
characterize temporal trends (P-values for trend). All data were 
abstracted from the respective online resources in duplicate by 
two investigators individually (B.H., M.W.v.B.). Concordance 
between data obtained from PubMed and the hand-search of 
study designs was analyzed as proportion of misclassification 
with exact 95% confidence intervals and by Cohan’s kappa 
coefficient. Overall, there was a misclassification of 4% (1.3-
9.0%) of studies with two non-RCTs, one cohort, one case-
control and one cross-sectional study that were not captured 
or misclassified by PubMed. This corresponds to an agreement 

Table 1.  The Strength of Evidence

Level of evidence Study design
1 RCTs
2 Cohort studies
3 Case-control studies
4 Case series/case reports
5 Narrative (literature) reviews, editorials

This table outlines the traditional hierarchy of study designs and evi-
dence levels. The table is simplified and contains major categories 
of study designs only. Adopted from the Oxford Centre for Evidence-
based Medicine (http://www.cebm.net/).
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coefficient of κ of 0.94 (P < 0.001), sensitivity of 97.6% (93.1-
99.5%) and specificity of 96.9% (89.2-99.6%) of the PubMed 
data compared to hand searching and classification of studies. 
Statistical significance was inferred at a two-sided value of P 
< 0.05.

Results

Representation of different study designs in the medical 
literature

Including all types of publications, more than 332,000 studies 
were published between January 1, 1990 and December 31, 
2009. The number of publications per 5-year period increased 
from 58,163 between 1990 and 1994 to 118,109 publications 
between 2005 and 2009 (Table 2).

There were clear trends over that period in the relative fre-
quency of reports of different types of study designs (Fig. 1 
and Table 2). Cohort and case-control studies made up 29.9% 
of all reports in the early nineties (1990 - 1994) and increased 
to 40.5% of reports in the years 2004 - 2009 (P-trend < 0.001). 
A less dramatic increase was seen for RCTs (from 9.5% to 
10.3%; P-trend: 0.052) and for the cross-sectional study design 
(from 2.3% to 6.0%; P-trend < 0.001), while the percentage 
of non-RCTs remained relatively constant (P-trend: 0.99) dur-
ing the 20-year period. The increase in reports of cohort and 
case-control studies as well as RCTs was offset by a substantial 
reduction in the percentage of case reports in the literature be-
tween 1990 and 2009 (Table 2).

We hypothesized that the movement towards evidence-
based medicine that has occurred in recent years would be re-
flected in an increase in reports of data obtained from study 
designs that rank higher in the hierarchy of evidence (Table 
1). To this end we conducted the same analysis restricted to 
articles that had appeared in three respected and widely cir-
culated medical journals (The Lancet, NEJM, and JAMA). In 
contrast to the findings obtained from the unrestricted PubMed 
search, we found a striking increase in frequency of reports 
from RCTs in these journals (from 20.3% to 30.9%; P-trend 
< 0.001) between 1990 and 2009. During the same period, re-
ports of clinical trials without randomization decreased (from 
6.6% to 3.7%; P-trend = 0.001). Surprisingly, there was also 
a notable increase in the number of case reports (from 36.3% 
to 43.8%; P-trend < 0.001), while reports of cohort and case-
control studies became less common (from 34.6% to 19.2%; 
P-trend < 0.001) (Table 3).

Discussion

Previous studies of the frequency of research designs pub-
lished in JAMA, NEJM and Lancet showed that between 1946 
and 1976, study designs such as cross-sectional studies and 
case reports appeared more frequently in the medical literature 
than RCTs and cohort studies, a trend that the authors then 
claimed to deserve critical attention [12]. Here we provide an 
update and extension of this research conducted more than 30 Ta
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years ago using the entire body of literature index in PubMed, 
which is a larger and probably more representative sample of 
the medical literature than has previously been used for such 
analyses.

This review of the published medical literature shows that 
publications reporting on human subjects research work in the 
general medical literature increasingly used population-based 
studies such as cohort or case-control studies while trending 
away from simple case reports, which usually allow for hy-
pothesis generation at best and are typically considered the 
lowest level of evidence. RCTs that are situated at the other 
end of the hierarchical evidence ladder have also become more 
common in the literature between 1990 and 2009, although to 
a much lesser extent than cohort or case-control studies. The 
literature of today, compared to 20 years ago when many re-
ports were simple case reports or case series, suggests a trend 
towards the use of study designs that rank higher in currently 
widely used classifications of evidence into hierarchical levels. 
Assuming that the most widely circulated and cited journals 
are a particularly efficient means of communicating novel ap-
proaches to problems in clinical practice, we hypothesized that 
these journals would reflect the trend away from low-grade 
evidence towards large trials and observational studies promi-

nently. Indeed, the proportion of publications on RCTs in the 
NEJM, JAMA and The Lancet has exceeded the average in 
the medical literature by far and at all times during the ana-
lyzed time period. Furthermore, non-RCTs have become less 
frequent and these journals started publishing a much higher 
proportion of case reports but fewer cohort and case-control 
studies than other journals between 1990 and 2009.

These findings are intriguing. Most importantly our data 
suggest that, in contrast to the trend in the general body of 
medical literature, case-control and cohort studies rather than 
case reports have been pushed aside in high impact journals in 
order to make room for RCTs.

The recent interest in RCTs is not surprising. Most statis-
tical and epidemiologic complexities of an RCT are implicit 
in the design, conduct and monitoring of the study. But once 
the data of an RCT are collected, analysis is usually straight-
forward. Importantly, solely RCTs can resolve the problem of 
confounding entirely and without further assumptions about 
the distribution of common causes (i.e. confounders). Estab-
lishing valid associations and cause-effect relationships is a 
more complex and delicate task with data from observational 
studies. Yet, no one will doubt the importance and impact that 
studies such as the Framingham Heart Study or Nurses’ Health 

Figure 1. New reports on human subjects research by design and per year. (a) All Journals indexed in PubMed. (b) The New 
England Journal of Medicine. (c) The Journal of the American Medical Association. (d) The Lancet. The absolute number of hu-
man subjects research reports published per year is graphed for the time period between 1990 and 2009 and per study design, 
respectively. The number of reports publised increased for all study designs considered. 
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Study, both cohort studies and not RCTs, have had on clinical 
medicine to date.

The paucity of reports from case-control and cohort stud-
ies in the highest impact medical journals may have several ex-
planations. For one, there has always been a ferocious debate 
about the value of RCTs and observational studies based on 
different beliefs among authorities in the fields of epidemiol-
ogy and clinical investigation. This debate has been furthered 
stimulated by publication of conflicting information from ob-
servational studies and RCTs on the same topic. One prominent 
example is the reports on risks and benefit of post-menopausal 
hormone replacement therapy in women. While initial data 
from a large and reputable cohort study suggested that HRT 
is beneficial [18, 19], the Women’s Health Initiative investiga-
tors subsequently reported that HRT cannot be unequivocally 
recommended in postmenopausal women and actually carries 
an increased risk of certain cardiovascular events and cancers 
[20, 21]. Critics of observational study designs took this as evi-
dence against the validity of cohort studies in general. Howev-
er, further evaluation of this apparent contradiction suggested 
that the two approaches and study designs provided answers 
to different questions, rather than actually being contradictory 
[22, 23]. Another reason for the low representation of obser-
vational studies in high impact journals may be the challenges 
of implementation of sound methods of observational study 
design and analysis that allow reliable inferences about causal 
relationships. This hypothesis raises the question whether a 
lack of expertise and funding mechanisms in the arena of ob-
servational study designs currently exists.

The present review of the medical literature also has limi-
tations that must be given consideration when interpreting the 
results. First, the results are based on data from PubMed, which 
is one of the most comprehensive medical literature databases 
but does not include all available medical journals. This data-
base was chosen due to the capability to identify multiple re-
search designs in a highly reliable and reproducible fashion. In 
our validation study, we found excellent sensitivity and speci-
ficity of the PubMed search for the study designs under inves-
tigation. Though the chosen approach is vulnerable to some 
misclassification, this is likely to be non-differential. Another 
limitation is that our results are based on the classification of 
reports in terms of study design alone. We did not evaluate the 
study quality of individual reports. The latter is a critical issue 
when judging the strength of evidence a study provides. For 
example, a diligently planned, conducted and analyzed case-
control study may provide better evidence than an RCT on 
the same topic that is affected by unsuccessful randomization, 
poor adherence, and substantial attrition. Furthermore, we did 
not assess the specific type of exposure and outcomes under in-
vestigation for individual studies which may possibly explain 
some of the differences found between the general literature 
and high impact journals. Such detailed analysis of studies was 
beyond our objective, but it is noteworthy that our approach 
falls short of accounting for this fact and thus does not provide 
the complete picture of the trend in low- versus high-grade 
evidence in the medical literature over the last decades. While 
interpreting the data one should also consider that some study 
designs are unsuitable for addressing certain questions entirely. Ta
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For example, an RCT would never be the preferred study de-
sign for surveying prevalence of a disease. Lastly, publication 
bias, typically occurring secondary to non-publication of stud-
ies showing no difference between groups of comparison, may 
have affected the results reported in this study.

In summary, available data suggest that the rapidly grow-
ing body of research on human subjects has transitioned from 
reports considered lower-grade to reports of higher-grade evi-
dence over time as based on the epidemiologic study design 
being used. However, the predominant research design differs 
in three selected highly cited journals as compared to PubMed 
listed journals in general. Whereas the trend in JAMA, NEJM 
and Lancet is in favor of RCTs and case reports, case-control 
and cohort studies are the prevailing study design in the medi-
cal literature on a larger scale.
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