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Abstract 

Background:  Clinical research publications have become the dominant source and basis of clinical evidence-based 
decision-making. Exploring the type and quantity of clinical research publications in the PubMed database is useful 
for clarifying the changing trends of clinical research development in recent years. Therefore, a longitudinal analysis of 
the type and quantity of clinical research publications in the PubMed database over three decades was conducted.

Methods:  The PubMed database was searched to retrieve clinical research according to the type and year of pub‑
lication from January 1, 1991 to December 31, 2020. The research types were classified as primary and secondary 
literature.

Results:  A total of 1,078,404 primary literatures were retrieved and the constituent proportions were ranked from 
high to low as case report/series (27.54%), randomized clinical trials (RCTs) (23.62%), cohort studies (21.05%), cross-
sectional studies (17.49%), case control studies (9.15%), non-RCTs (1.01%), and pragmatic clinical trials (PCTs) (0.15%). 
Correspondingly, 1,302,173 secondary literatures were retrieved and ranked as narrative review (70.88%), systematic 
review (15.02%), systematic review and meta-analyses (13.89%), traditional meta-analyses (4.48%), expert consensus 
(2.31%), guidelines (1.49%), scoping reviews (0.68%), net meta-analyses (0.40%), and umbrella reviews (0.04%). The 
average annual growth rate for the primary literature was 10.28%, and ranked from high to low as PCTs (83.68%), 
cohort studies (17.74%), cross-sectional studies (17.61%), non-RCTs (12.11%), case control studies (8.86%), RCTs 
(7.68%), case report/series (7.51%); while that for the secondary literature was 10.57%, and ranked from high to low as 
net meta-analyses (48.97%), umbrella reviews (47.09%), scoping reviews (41.92%), systematic reviews and meta-anal‑
yses (33.44%), systematic reviews (33.05%), traditional meta-analyses (12.49%), expert consensuses (9.22%), narrative 
review (8.72%), and guidelines (2.82%). 

Conclusion:  Both the composition and number of clinical studies changed significantly from 1991 to 2020. Based on 
the trend, the case report/series, case control study, and narrative review are on the decline, while cohort study, cross-
sectional study, systematic reviews, and systematic review and meta-analysis literature have increased. To improve 
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Introduction
The PubMed database is a free biomedical database 
developed by the National Center for Biotechnology 
Information (NCBI), a division of the National Library of 
Medicine (NLM) and has become a major source of lit-
erature for biomedical researchers worldwide due to its 
convenience, accessibility, and extensiveness [1, 2]. The 
PubMed database makes it convenient and efficient for 
researchers and clinicians to study current guidelines, 
learn about frontier advancements, and identify future 
research directions [3].

Sacket et  al. [4] defined evidence-based medicine 
(EBM) as “the conscientious, explicit and judicious use of 
current best evidence in making decisions about the care 
of individual patients”, and it has become widely accepted 
due to its strong support of clinical practice guidelines [5, 
6]. EBM combines the type of study design with the level 
of evidence to evaluate the reference value of literatures 
for clinical practice and scientific research [7, 8]. Accord-
ing to the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) proposed by 
World Health Organization [9–11], and the Joanna Briggs 
Institute levels of Evidence and Grades proposed [12], 
clinical research can be divided into primary and second-
ary literature. Among the former, randomized clinical 
trial (RCT) has the highest evidence level, case report/
series have the highest risk of bias, and other methods 
such as cohort or case control studies have intermediate 
evidence level. Among secondary literature, meta-analy-
ses and systematic reviews that included RCTs have the 
highest evidence level, expert consensus has the highest 
risk of bias, and other types of reviews or meta-analyses 
that included observational study have an intermediate 
evidence level [13, 14].

A rational allocation of research resources should be 
conducted to produce more efficient and high-quality 
results for the advancement of human health; however, 
the vast amount of research literatures and the multiplic-
ity of study designs pose a great challenge. A longitudinal 
analysis of the type and quantity of clinical publications 
can quantitatively measure the constituent proportion 
and changing trends of various types of studies, and 
provide reference for the rational allocation of clini-
cal research resources. Although there have been some 
studies on the changing trends in the literature for spe-
cific diseases [15–17], a characterization of the clinical 
research literature in the field of overall medical health is 

still lacking. Therefore, our research quantitatively meas-
ures the constituent proportion and changing trends of 
clinical research literatures over three decades.

Materials and methods
Literature search and data extraction
First, the research type was clarified as primary and 
secondary literature. In this study, primary literature is 
defined as observational and interventional studies, with 
the former consisting of four parts: cross-sectional study, 
cohort study, case report/series, and case control study, 
while interventional study consists of RCT, non-RCT, 
and pragmatic clinical trial (PCT); secondary literature 
is defined as a type of study that relies on primary lit-
erature for further analysis, including guidelines, expert 
consensus, reviews (narrative, systematic, umbrella, and 
scoping), and meta-analyses (traditional meta-analy-
sis, systematic review and meta-analysis, and network 
meta-analysis) [18–20]. The study type classification is 
presented in Fig. 1. Second, a literature search was con-
ducted using keywords of study type and the filter tool 
provided by PubMed, which classifies literature accord-
ing to type, with year of publication from January 1, 1991 
to December 31, 2020. By typing “clinical research [all]”, 
we searched all PubMed literature on clinical research for 
the last three decades, and by selecting the categories of 
RCT, PCT, and meta-analysis in the filter tool, combined 
with the keywords of study type such as network meta-
analysis and umbrella review, a specific literature number 
of various study types during the period 1991–2020 was 
obtained.

Statistical analyses
The statistical analyses focused on identifying the 
changes in quantity, annual growth rate, and 30-year 
average growth rate of each specific study type in primary 
and secondary literature between 1991 and 2020; changes 
in the constituent proportion of each specific study type 
in primary and secondary literature; and changes in the 
ratio of the quantity of guidelines or meta-analysis to pri-
mary literature.

In this constituent proportion change, we further 
defined meta-analysis to systematic review and meta-
analysis, traditional meta-analysis, and network meta-
analysis, while the primary research literature included 
RCT, PCT, non-RCT, cohort study, and case control 
study. The annual growth rate = (number of current year 

the quality of clinical evidence, we recommend RCT and cohort study give priority to access to allocated research 
resources in future.
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publications−number of previous year publications)/
number of previous year publications*100%.

The average annual growth rate was calculated using 
the POWER function included in Microsoft Excel 
2019; the specific formula is: the average annual growth 
rate = POWER [number of publications in year a/number 
of publications in year b, 1/(a-b)]-1. In this formula, a is 
the year 2020 and b is the year 1991, and if the number 
of publications was 0 in 1991 for this study type, then b is 
the year when the study type first appeared.

The Cochran–Armitage test for trend was used to 
determine whether the change trend of proportional data 
was statistically significant [21, 22]. Statistical analyses 
were performed using GraphPad Prism 6.02 (GraphPad 
Software, San Diego, CA, USA) and Microsoft Excel 
2019.

Results
A total of 1,078,404 primary literatures were retrieved 
between 1991 and 2020 and the quantity and con-
stituent proportion were ranked from high to low as 
297,045 for case report/series (27.54%), 254,698 for 
RCT (23.62%), 226,954 for cohort study (21.05%), 
188,563 for cross-sectional study (17.49%), 98,653 for 
case control study (9.15%), 10,871 for non-RCT (1.01%) 
and 1,620 for PCT (0.15%) (Additional file 1: Table S1). 
Correspondingly, 1,302,173 secondary literatures were 
retrieved and ranked as 922,973 for narrative review 
(70.88%), 195,541 for systematic review (15.02%), 
61,246 for systematic review and meta-analysis 
(13.89%), 58,283 for traditional meta-analysis (4.48%), 
30,084 for expert consensus (2.31%), 19,459 for guide-
lines (1.49%), 8,806 for scoping review (0.68%), 5,216 

Fig. 1  Classification of study type
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for network meta-analysis (0.40%), 565 for umbrella 
review (0.04%) (Additional file 1: Table S2).

Specifically, as for the quantity of publications of pri-
mary study, in the year 1991, the total number of case 
report/series was the highest at 3,320; RCT was sec-
ond at 2,037; the number of cross-sectional study and 
cohort study was relatively small at no more than 200. 
PCT appeared for the first time in 2011, while in the 
year of 2013, the number of RCTs reached 14,661, for 
the first time surpassing the 14,551 of case report/
series, which was the highest number of primary study 
in that year. By 2016, the cohort study number had 
reached 18,004, exceeding RCTs (17,140) for the first 
time and consistently occupying the top of the primary 
study list in the following years. Cross-sectional study, 
being one of the primary study types with the lowest 
number of publications in 1991, surpassed case control 
study for the first time in 2005 and then exceeded RCT 
in 2018, eventually emerging with case report/series as 
the most primary study type after cohort study in 2020.

Correspondingly, regarding the quantity of publi-
cations of secondary literature, the total number of 
narrative review reached 5,790 in 1991, followed by 
guidelines with 366, expert consensus with 260, tradi-
tional meta-analysis with 139, systematic review with 
only 8, while network meta-analysis, umbrella review, 
and scoping review were not yet available. The number 
of systematic review reached 1,168 in 2000, surpass-
ing guidelines, expert consensus, and traditional meta-
analysis for the first time, and has been the top two 
study type of secondary literature after narrative review 
ever since. In the year 2002, the number of traditional 
meta-analysis surpassed guidelines and expert consen-
sus, and became the third most numerous study type of 
secondary literature until 2016. Systematic review and 
meta-analysis first appeared in 1994, surpassed guide-
lines and expert consensus in 2008 and 2009, and tradi-
tional meta-analysis for the first time in 2016, becoming 
the most numerous type of meta-analysis and the third 
most numerous type of secondary literature (maintain-
ing this to date). Scoping review, network meta-analy-
sis, and umbrella review first appeared in 1999, 2002, 
and 2006, respectively, and the quantity of publications 
of such new study types has grown rapidly, reaching 
3,119, 1,305, and 222 in 2020, respectively (Fig. 2).

Regarding the composition ratio of primary litera-
ture, the proportion of case report/series and RCTs 
among primary literature tended to decrease (P < 0.05). 
Conversely, the proportion of cross-sectional study 
and cohort study had a tendency to increase (P < 0.05). 
Among secondary literature, the proportion of guide-
lines and narrative review tended to decrease year 
by year, with the proportion of systematic review, 

and systematic review and meta-analysis tending to 
increase (P < 0.05) (Figs. 3, 4).

As for the average annual growth rate, the primary 
literature was 10.28%, ranked from high to low as PCT 
(83.68%), cohort study (17.74%), cross-sectional study 
(17.61%), non-RCT (12.11%), case control study (8.86%), 
RCT (7.68%), and case report/series (7.51%); while the 
secondary literature was 10.57%, ranked from high to 
low as network meta-analysis (48.97%), umbrella review 
(47.09%), scoping review (41.92%), systematic review 
and meta-analysis (33.44%), systematic review (33.05%), 
traditional meta-analysis (12.49%), expert consensus 
(9.22%), narrative review (8.72%), and guidelines (2.82%).

In the primary literature, cross-sectional study and 
cohort study maintained a growth trend (P < 0.05), and 
the annual growth rate increased steadily in the last 
3  years. The annual growth rate of RCT maintained a 
trend before 2018, but there has been a slight fluctuation 
in the most recent 3 years. The growth rate of non-RCT, 
case report/series in 2020 was significantly higher than 
earlier (P < 0.05).

In the secondary literature, the change of the annual 
growth rate of network meta-analysis, umbrella review, 
and scoping review was large (P < 0.05), while that of 
annual growth rate of other secondary literature research 
types remained relatively stable (P > 0.05). The annual 
growth rate of guidelines, expert consensus, and narra-
tive review was relatively lower; while both the system-
atic review and meta-analysis maintained a stable growth 
trend (Additional file 1: Tables S3–4, Fig. 4).

Based on the analysis of the ratio of secondary litera-
ture to the number of original studies, the proportion of 
all guidelines and meta-analysis to the original studies 
that were included from 1991 to 2020 were 3.28% and 
21.04%, respectively, and the average annual growth rates 
of the included original studies, guidelines, and meta-
analysis that were included were 10.78%, 2.82%, and 
17.87%, respectively. Specifically, the ratio of guidelines 
to primary literature significantly decreased (P < 0.05), 
from 12.08% in 1991 to 1.39% in 2020, with a generally 
stable decline rate; while the proportion of meta-analysis 
and included primary literature increased year by year, 
from 4.59% in 1991 to 27.76% in 2020 (P < 0.05), of which 
the increase was at its highest from 2008 to 2014, after 
which the growth rate stabilized (Figs. 5, 6).

Discussion
PubMed is the most widely used free database in the 
field of medical health. In the last 30 years, the increase 
of scientific researchers, and the update of scientific 
research methods, the number of papers and research 
design has exploded. This study extracted the number 
of publications of different research types published 
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Fig. 2  Quantity change trend of each study type in clinical research literature on PubMed database from 1991 to 2020. A Trends in the number 
of primary literature; B trends in the number of secondary literature. RCT​ randomized clinical trial; PCT pragmatic clinical trial; Sys-meta systematic 
review and meta-analysis
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on PubMed for the last three decades, and defined the 
change in trend of the number of publications of differ-
ent research designs during this period by analyzing the 
change in trend of their number, growth rate, compo-
sition ratio, and the proportional relationship between 

primary literature and secondary literature research. 
Combined with the quality level of EBM corresponding 
to different research designs [23–36], this study pro-
vides researchers with an overview of different research 

Fig. 3  Composition change trend of each research type in clinical research literature in PubMed database from 1991 to 2020. A Trend change of 
primary literature proportion; B trend change of secondary literature proportion. RCT​: randomized clinical trial; PCT: pragmatic clinical trial; Sys-meta: 
systematic review and meta-analysis
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design publications for the 30  years under study and 
provides a change trend of medical research.

In the original studies, case report/series (as the 
research type with the largest number of early stud-
ies), have a low average annual growth rate, and their 

proportion in the original studies decreased year by year. 
At present, they are no longer the primary literature type 
with the largest proportion. Although the sum of the pro-
portion of cohort study and cross-sectional study was 
only about 8% in 1991, their average annual growth rate 

Fig. 4  Trend chart of percentage change of each research type in clinical research literature in PubMed database from 1991 to 2020. A Trend 
change of primary literature proportion; B trend change of secondary literature proportion. RCT​: randomized clinical trial; PCT: pragmatic clinical 
trial; Sys-meta: systematic review and meta-analysis
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reached about 18%. Currently, the proportion of these 
types has surpassed that of RCT and become one of the 
largest types of primary literature.

The number of RCTs increased steadily from 1991 to 
2017, its proportion in the original studies ranked sec-
ond from 1991 to 2014. The number of RCTs surpassed 
case report/series for the first time in 2015 but fell to the 
fourth place from 2016 to 2020, which may be related 
to the standardization and high ethical requirements of 
RCT [23].

As a control trial closer to the application in the real 
world, PCT firstly appeared in 2011 [24] PCT currently 
accounts for a low proportion of primary literature. Con-
sidering its strong clinical application and the advantages 
that the research design basically follows the control 
experiment, we think PCT may attract more researchers’ 
attention in the future.

In the secondary literature research, the narrative 
review accounted for 88%, while the guidelines and 
expert consensus accounted for nearly 10% in 1991. 
Later, the average annual growth rates of narrative review 
and guidelines became the lowest in secondary litera-
ture research, and their proportion also decreased year 
by year. Currently, although narrative review is still the 
secondary literature with the highest proportion has 
been greatly reduced compared with 1991, from more 
than 85% to less than 20% at present. The proportion of 

guidelines has even fallen below 1%, and we believe this 
trend will develop further in the future.

Compared with narrative review, systematic review 
and meta-analysis show a significantly growth rate. Com-
bined with the fact that systematic review and meta-
analysis are higher than narrative review in the level of 
evidence quality [9–13], we believe that this trend will be 
further deepened in the future.

Scoping review [25], which can describe the research 
results and research scope of a specific research field in 
more detail by investigating or exploring the research sta-
tus, degree, and methodology of a research field or topic, 
appeared for the first time in 1999. Network meta-analy-
sis [26] can analyze the relationship between more than 
two interventions based on multiple studies by means 
of indirect comparison or mixed comparison, appeared 
for the first time in 2002; while in 2006, the umbrella 
review [27] appeared to summarize broader evidence 
when the systematic review and meta-analysis of a medi-
cal research topic reached a certain number. These new 
research types increased rapidly, with an average annual 
growth rate of more than 40%, further enriching the 
methods of secondary literature research.

Our research shows that the average annual growth 
rate of meta-analysis (17.87%) from 1991 to 2020 is sig-
nificantly higher than that of included primary litera-
ture (10.78%) and guidelines (2.82%). The proportion of 

Fig. 5  Trend chart of growth rate between secondary literature and primary literature in PubMed database from 1991 to 2020. Blue: the ratio of 
guideline to the original study; red: the ratio of meta-analysis to the original study
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guidelines to included primary literature decreased year 
by year, from 12.08% in 1991 to 1.39% in 2020, while 
the proportion of meta-analysis to primary literature 
increased year by year, from 4.59% in 1991 to 27.76% in 
2020. For the ratio between meta-analysis and primary 

literature, each meta-analysis needs to include a certain 
amount of primary literature to ensure the robustness of 
research results of meta-analysis. However, there were 
many overlapped and partially overlapped meta-analyses, 
which means that the meta-analysis with high quality and 

Fig. 6  Trend chart of proportion change between secondary literature and primary literature in clinical research literature in PubMed database 
from 1991 to 2020. Blue: the ratio of guideline to the original study; red: the ratio of meta-analysis to the original study
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high evidence level is reduced. Therefore, we suggest that 
attention paid to meta-analysis be reduced and primary 
literature strengthened, especially RCT with its high evi-
dence level [9–12].

Compared with other studies focusing on the charac-
teristics of literature related to specific diseases [20], our 
study is the first to analyze the changes in the number, 
growth rate, composition ratio, and the proportional rela-
tionship between the primary literature and the second-
ary literature of all clinical original studies and secondary 
literature studies against the background of the explosive 
growth in the number of various research methods and 
publications in the last 30  years. This study defined the 
classification characteristics and change trend of clini-
cal research literature, and provided researchers with 
an overview of different research design publications in 
recent 30 years, as well as a reference for the rational allo-
cation of research resources in future.

Our research also has some limitations. Firstly, we 
only extracted the number of publications of different 
research types without evaluating their quality. Sec-
ondly, the classification of this document did not not 
really represent the actual type of research, because some 
records in Pubmed database are vague. Thirdly, some lit-
eratures may overlap, which may cause information bias. 
Finally, we only used the PubMed database for literature 
retrieval, and the retrieval was dependent on the use of 
keywords and PubMed filtering tools. Hence, there is a 
risk of retrieval bias [37] in the study.

Conclusions
The characteristics of clinical research literature have 
changed significantly from 1991 to 2020. Based on the 
trend, the case report/series, case control study, and 
narrative review are on the decline, while cohort study, 
cross-sectional study, systematic reviews, and systematic 
review and meta-analysis literature have increased. To 
improve the quality of clinical evidence, we recommend 
RCT and cohort study give priority to access to allocated 
research resources in future.
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