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Abstract
Objectives: To investigate methodological quality of published dose-response meta-analysis (DRMA) and explore study characteristics
associated with the quality.

Study Design and Setting: We searched three databases for published DRMAs and used a modified AMSTAR (15 items) checklist to
assess the methodological quality. We summarized the compliance of those DRMAs to the AMSTAR items and used multivariable regres-
sion analysis to explore the association between prespecified study characteristics with the overall methodological quality.

Results: We identified 529 DRMAs. Of the methodological quality items, six were well complied (80% or more) and six poorly com-
plied (30% or fewer) by these DRMAs. The median score was nine points [first and third quartile: 7, 10] and only 64/529 had score over 10
points. Regression analysis suggested that studies with more authors (b 5 0.19; 95% confidence interval [CI]: 0.05, 0.33), published more
recently (b 5 0.29; 95% CI: 0.21, 0.36), with financial support (b 5 0.41; 95% CI: 0.13, 0.70), conducted by authors from European (other
regions vs. European, b 5 �0.68; 95% CI: �1.05, �0.31) were associated with better methodological quality.

Conclusion: The methodological quality of published DRMAs was suboptimal. Substantial efforts are warranted to improve the quality,
includingdevelopingmethodologyguideline, involvingmoremethodological trained authors, and so forth. �2018Elsevier Inc.All rights reserved.
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1. Introduction outcomes (ie, dose-response study) has become a topic of
In epidemiological research, investigating the dose-
response relationship between certain exposure and
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increasing interest [1e3]. Dose-response meta-analyses
(DRMAs) systematically synthesize dose-specific findings
from multiple studies to yield more precise estimates of pu-
tative dose-response effects [4e10]. In nature, DRMA is a
meta-regression analysis that treats exposure (eg, sleep
duration) as an independent variable against the outcome
(eg, risk of death), as a dependent variable within each
study (two-stage approach), or the whole population (one-
stage approach) [7,8].

The two commonly used statistical approaches for
DRMA include the generalized least squares for trend
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What is new?

Key findings
� The methodological quality of published dose-

response meta-analysis was suboptimal, although
it was improved over time.

� Studies with more authors or receiving financial
support have better methodological quality and
those by authors from Europe have superior meth-
odological than studies by authors from Asia-
Pacific regions.

What this adds to what was known?
� No studies have systematically examined the meth-

odological of published dose-response meta-anal-
ysis. Our study has offered a comprehensive
review of methodological quality of existing
dose-response meta-analyses and identified study
characteristics associated with the quality.

� We proposed a brief recommendation with five tips
on the analytic issues of DRMA to help further re-
view authors to better conduct DRMAs.

What is the implication and what should change
now?
� Our study clearly suggests that substantial efforts

are warranted to improve the methodological qual-
ity of such meta-analyses; and that an optimal
dose-response meta-analysis may be conducted
with more experienced authors and with adequate
funding.
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(GLST) method based on a two-stage approach [7] and the
robust-error meta-regression (REMR) based on a one-stage
approach [8]. For the two-stage approach, the within-study
dose-response relationship was first fitted by linear or
nonlinear regression function (stage 1), then the regression
coefficients across studies were combined by a multivariate
fixed- or random-effect model (stage 2) [7]. For the one-
stage approach, each study was considered as a cluster
and the dose-response relationship was estimated across
the whole study populations using the mixed-effect clus-
tered regression [8]. Unlike traditional meta-regression
(TMR) method, DRMA requires within-study dose-specific
effects, for which at least two categories (one-stage: two
categories, eg, sleep for 4e6 hours vs. 6e8 hours; two-
stage: three categories, sleep for 4e6 hours/8e10 hours
vs. 6e8 hours) of exposure dose is needed from each study.
This allows establishing a more precise estimation on the
dose-response relationship between interested exposure
and outcome.
In the past several years, an increasing number of
DRMAs have been published [11]; some already had an
impact on clinical practice [12e14]. Because DRMAs are
more sophisticated than traditional meta-analyses, appro-
priate use of statistical and nonstatistical methods is highly
important. For example, one important statistical issue in
DRMA is how to test the nonlinearity (or linearity) of the
pooled dose-response relationship, which is generally diffi-
cult to understand when fitting a restricted cubic spline
function, and is subject to misuse. Another important issue
is the selection of trend approximating model for a proper
exposure. Both of which could lead to improper conclusion
and mislead clinical practice.

Previous studies have investigated the methodological
quality of various systematic reviews and meta-analyses,
including traditional meta-analysis, diagnostic meta-
analysis, single-case meta-analysis, and network meta-
analysis [15e19]. The findings suggested unsatisfactory val-
idity of the design and conduct, whichmay be correlatedwith
some characteristics such as journal reputation, financial
support, and author region [15e19]. The credibility of the re-
sults and the grade of the evidence of the findings would be
largely influenced by the poor design and conduct. Dose-
response meta-analyses may also face the same issue. How-
ever, no efforts have been made to examine methodological
quality of published DRMAs. Understanding howwell those
published DRMAs were conducted and investigating factors
associated with quality would offer important insights for the
study design, conduct, and interpretation of future studies,
particularly because DRMAs carry important specific meth-
odological features. In addition, the availability of such in-
formation is also critical for the development of
methodological guidance for DRMAs [20].

Therefore, we conducted a comprehensive literature re-
view to examine the methodological quality of published
DRMAs and explore factors associated with the quality. We
also offered recommendations for the analysis of a DRMA.
2. Methods

2.1. Eligibility criteria

We included published DRMAs based on aggregate
data. We defined DRMA as a type of meta-analysis that
combines dose-response estimates between an independent
variable (eg, sleep duration) and an outcome variable (eg,
all-cause mortality) from studies addressing a similar ques-
tion [4e10]. We included those DRMAs of binary outcome
only due to the fact that very few DRMAs of continuous
outcomes were available [7]. We excluded conference ab-
stracts, brief reports, and letters, as these reports contain
very limited information regarding study reporting.

2.2. Literature search

We searched Medline, Embase, and Wiley online Li-
brary for published DRMAs from 1st January, 2011 to
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31st July, 2017 without language restriction. The first liter-
ature search was conducted on 1st January, 2016, and the
updated search was conducted on 1st August, 2017. We
restricted our search to this period because the statistical
methodologies were not well established until 2011. The
search terms included ‘‘dose-response meta-analysis,’’
‘‘non-linear meta-regression,’’ ‘‘meta-analysis of prospec-
tive studies,’’ ‘‘meta-analysis of cohort studies,’’ and
‘‘meta-analysis of observational studies.’’ The full search
strategies are provided in the Supplementary File.

2.3. Study screening

Two experienced investigators (C.X. and Y.L.) screened
the title and abstract for potential eligibility. Then, they
independently read the full texts of potentially eligible arti-
cles for final selection. Both the authors have more than
3 years’ experience on DRMA, and one author (X.C) pri-
marily developed the REMR model [8] for DRMA.

2.4. Data collection

Two methods-trained investigators (C.X. and P-L.J.)
collected the following information regarding study charac-
teristics: name of first author, region of first author, number
of authors, year of publication, type of studies included (eg,
cohort study or case-control study), number of studies
included, number of database searched, regression model
used for DRMA, funding information (funded, not funded,
and not reported), and utilization of GRADE approach
(Grades of Recommendation, Assessment, Development,
and Evaluation) [21]. The authors checked the collected in-
formation, and any disagreements were solved by
discussion.

2.5. Assessment of methodological quality

We used the AMSTAR 1.0 tool [22] to assess the meth-
odological quality of included DRMAs because, during the
study, the AMSTAR 2.0 was not yet released [23]. We
slightly modified the AMSTAR checklist by disaggregating
four items to facilitate the assessment, as they typically
contain two methodological issues. These items included
‘‘Was there duplicate study selection and data extraction?,’’
‘‘Was a comprehensive literature search performed?,’’
‘‘Was a list of studies (included and excluded) provided?,’’
and ‘‘Was the scientific quality of the included studies as-
sessed and documented?’’ For instance, we disaggregated
the item ‘‘was there duplicate study selection and data
extraction?’’ into twod‘‘was there duplicate study selec-
tion?’’ and ‘‘was there duplicate data extraction?’’ Thus,
the modification resulted in 15 items (Table S1).

Because of the differences in statistical modeling be-
tween DRMAs and traditional meta-analyses, we developed
specific response rules for the item ‘‘were the methods used
to combine the findings of studies appropriate?’’ We re-
sponded NO if a DRMA (1) fitting dichotomous variables
(eg, heart rate, parity) in a nonlinear model. This is inappro-
priate for the disjoint nature and nonconvex property of
such type of variables [24], although this did not influence
of the parameters estimation; (2) combined descriptive
studies (eg, cross-sectional or ecological study) with analyt-
ical studies (eg, cohort study or case-control studies), which
would lead to inverse causality; (3) incorrectly presented
results. For instance, for a two-stage GLST DRMA model,
no intercept was set for the regression that the dose-
response curve and confidence interval (CI) was forced to
start from (or pass) the origin, that is, the reference (eg,
zero) [7]. If the curve and CI did not converge on the origin,
the result was judged inappropriately presented, which
generally indicate a lack of centering procedure or
improper plotting code that may lead to wrong conclusions
(authors) and informed decisions (readers); or (4) used
incorrect method to test the nonlinearity. For example,
some authors claimed that they used four knots for the
spline function, but they only set the coefficient of the sec-
ond spline to zero to test the nonlinearity [25]. This has no
impact on the parameter estimation; however, it impacted
the interpretation of the results (eg, misinterpreted
nonlinear results to linear results).

For the modified AMSTAR checklist, each item was
related to three options: yes, no, can’t answer. When assess-
ing the methodological quality for each DRMA, one point
was given if the DRMA met the requirement (answer
‘‘yes’’) for that specific item or zero if not (answer
‘‘no’’). For the situation that the information was ‘‘can’t
answer,’’ we did not give the credit (ie, treat it as ‘‘no’’
in the analysis) [26]. The total score was 15 points, and
study with a higher score means better methodological
quality.

In our study, we assessed the methodological quality by
one investigators (X.C), then checked by another (L.Y). If
any disagreement occurred, they conducted discussion to
achieve consensus. Before the formal assessment, we con-
ducted a pilot testing by using 39 DRMAs, in which the
two investigators independently assessed methodological
quality. They achieved the Kappa statistic of 0.70. To
further improve the agreement, the two investigators con-
ducted additional training by discussing the reasons for dis-
agreements. During the formal assessment, they were also
required that each investigator should spend at least 30 mi-
nutes for a published DRMA, and they were allowed to
assess at most 20 DRMAs each day.
2.6. Sample size estimation

We estimated the minimum sample size (N ) needed for
the proportion of studies adhere to the checklist items by
the formula (1) below [27]. This was conducted to ensure
that a sufficient power would be achieved when calculating
the adherence rate. We set three plausible values of the pro-
portion ( p) (0.1, 0.3, 0.5) to estimate the required sample
size using a 95% CI of the proportion of studies that adhere
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to the full checklist, and a margin error (E ) of 0.1 and 0.05.
These assumptions generated the required sample sizes
varying from 35 to 384, with proportion of 0.5 generating
the largest sample size of 384 (Table S2).
Total records 
(7061)

Duplicates 
N5
1:962pð1� pÞ

E2
ð1Þ
Records screened 
(5296)

Records excluded 
(3990)

Full-text articles assessed 
for eligibility

(1306)

Full-text articles excluded,
with reasons (N = 776)
• Not dose-response meta-

analysis (596) 
• Editor comments or 

conference abstract (59)
• Meta-regression (40)
• Not binary outcome (38)
• Methodology (17)
• Out of time range of 

publish (11)
• Contains source study 

(14)
• IPD Meta-analysis (10)
• Survival dose-response 

data (1)

Dose-response Meta-
analysis included 

(530)

Included dose-response meta-analysis for scientific quality assessment
(529)

Without full text 
(1)

(1765)

Fig. 1. The flow chart of literature screen. IPD, individual participant
data.
2.7. Statistical analysis

We used descriptive statistics to present study character-
istics. The radar plot and bar plot were used to show the
extent to which those DRMAs met the requirement of each
checklist item. We judged that an item was well complied if
80% or more of the included DRMAs met the item or poor
complied if met by less than 30% [28]. Otherwise, the item
was judged moderately complied by the included studies.

To investigate the association of study characteristics
with the methodological quality, we prespecified four study
characteristics that were likely related to the quality of
DRMA in similar studies [15e20,28e30]. They were a
number of authors (�4, 5e6, 7e8, and O8, according to
the interquartiles), publication year (continuous), region
of first author (European vs. Asia-Pacific or America),
and funding (yes vs. no or not reported).

The total methodology score was fitted in a linear regres-
sion model against these variables. Given the potential het-
eroscedasticity (by White’s test), we used weighted least
square regression model to fit the data [31]. A robust vari-
ance estimates estimator, by treating each journal as a clus-
ter (prespecified), was added to address clustering of
articles published in the same journal [8,32]. The general-
ized estimating equation with robust variance, a method
for estimating the average response over the population
instead of individual, was used as sensitivity analysis,
considering the potential correlations between total scores
(same journal) [32]. This would generate a conservative
variance making the statistical inference more robust. We
checked the potential multicollinearity of independent vari-
ables by correlations and variance inflation factor.

All data were extracted by Excel 2013 (Microsoft,
Washington) and analyzed by STATA 14.0 (STATA, Col-
lege Station, TX, Serial number: 10,699,393), with
alpha 5 0.05 as the criterion for statistical significance.
3. Results

We initially obtained 7,061 records from the literature
search. After removing duplicates and the title/abstract
screening, 1,306 publications were eligible for the full-
text screening process. Finally, 529 DRMAs were included
(Fig. 1).

The 529 DRMAs were published in 174 difference aca-
demic journals. Among these DRMAs, 350 (66.2%, 95%
CI: 62.0%, 70.1%) were conducted by authors from Asia
region, 129 (24.4%, 95% CI: 20.9%, 28.2%) by authors
from Europe, 47 (8.9%, 95% CI: 6.7%, 11.6%) by authors
from North America, and 3 (0.6%, 95% CI: 0.2%, 1.8%) by
authors from Australia. The number of DRMAs was
increasingly published in the last 4 years; 394 (75.0%,
95% CI: 70.6%, 78.0%) DRMAs were published after
2014. Cohort study was the most common type of study
design included in DRMAs (n 5 318, 60.1%, 95% CI:
55.9%, 60.2%), and restricted cubic spline was the most
frequently used trend approximating model (n 5 295,
55.8%, 95% CI: 51.5%, 56.0%).

The median number of authors was 6 [first quartile, third
quartile: 4, 8], 32.3% (95% CI: 28.7%, 36.6%) of which
have no more than four authors (n 5 172). The median
number of databases searched was 2 (first quartile, third
quartile: 2, 3); 61 studies (11.5%, 95% CI: 9.1%, 14.5%)
searched less than two databases. Only 6 (1.1%, 95% CI:
0.4%, 2.0%) of the DRMAs used the GRADE approach
to rate the evidence. Most of the DRMAs received financial
support (n 5 337, 63.7%, 95% CI: 59.5%, 67.7%). For
those receiving financial support, 336 were supported by
government and only one by company. Table 1 presents
the study details of the included DRMAs.
3.1. Adherence of the DRMAs to the modified AMSTAR
checklist

Figure 2A and 2B present the level of adherence of the
included DRMAs to each of the modified AMSTAR items.
Of those 15 items, six were highly adhered by the included
DRMAs (met by 80% or more of the DRMAs). These



Table 1. Basic characteristics of published DRMAs in past 7 years

Category by items All publications (N [ 529)

No. of authors (median [first
and third quartiles])

6 (4 to 8)

�4 171 (32.33%)

5 | 8 278 (52.55%)

O8 80 (15.12%)

Year of publication

2011 35 (6.62%)

2012 44 (8.32%)

2013 56 (10.59%)

2014 117 (22.12%)

2015 120 (22.68%)

2016 85 (16.07%)

2017 (up to July 31) 72 (13.61%)

Database searched (median
[first and third quartiles])

2 (2 to 3)

�1 61 (11.53%)

2 | 3 385 (72.78%)

O3 83 (15.69%)

Journal distribution (n 5 174
for journal numbers)

Specialist journal (disease-specific) 365 (69.00%)

General journal (all diseases) 119 (22.50%)

Epidemiology or public health 45 (8.51%)

Design of source study

Cohort 318 (60.11%)

Case-control 7 (1.32%)

Cross-section 3 (0.57%)

Mixed 199 (37.62%)

CCT and RCT 2 (0.38%)

No. of included studies (median
[first and third quartiles])

14 (10 to 21)

�10 151 (28.54%)

11 | 21 247 (46.69%)

O21 130 (24.57%)

Missing 1 (0.19%)

Region

Asian 350 (66.16%)

European 129 (24.39%)

America 47 (8.88%)

Australia 3 (0.57%)

Model used in trend approximationa

RCS regression 295 (55.77%)

FP regression 61 (11.53%)

Other nonlinear regression 21 (3.97%)

Linear 152 (28.73%)

Use of GRADE

Yes 6 (1.13%)

No 523 (98.87%)

Funding

Yes 337 (63.71%)

(Continued )

Table 1. Continued

Category by items All publications (N [ 529)

No 54 (10.21%)

Not reported 138 (26.09%)

Abbreviations: DRMA, dose-response meta-analysis; CCT, clinical
controlled trial; RCT, randomized controlled trial.

a RCS, restricted cubic spline; FP, fractional polynomial; other
nonlinear regression including natural cubic spline, quadratic polyno-
mial, and so forth.
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included search of at least two databases (89.0%, 95% CI:
86.1%, 91.4%), presentation of a list of included studies
(96.8%, 95% CI: 94.9%, 98.0%), presentation of character-
istics of included studies (98.3%, 95% CI: 96.8%, 99.1%),
use of appropriate synthesis methods (86.0%, 95% CI:
82.8%, 88.7%), assessment of publication bias (95.7%,
95% CI: 93.6%, 97.1%), and statement of conflict of inter-
est (92.6%, 95% CI: 90.1%, 94.6%).

The other six items were poorly adhered (met by less
than 30% of the DRMAs), including provision of an a priori
design (8.5%, 95% CI: 6.4%, 11.2%), documentation of
search strategy (25.3%, 95% CI: 21.8%, 29.3%), use of
publication status (gray literature) as inclusion criterion
(24.2%, 95% CI: 20.7%, 28.1%), list of excluded studies
(18.3%, 95% CI: 15.3%, 22.0%), documentation of scienti-
fic quality (28.2%, 95% CI: 24.5%, 32.3%), and appro-
priate use of scientific quality for conclusions (9.3%, 95%
CI: 7.1%, 12.0%).

The remaining three items, which were moderately
adhered, were use of duplicate study selection (46.9%,
95% CI: 42.7%, 51.1%), involvement of duplicate data
extraction (77.7%, 95% CI: 74.0%, 81.0%), and assessment
of scientific quality (57.1%, 95% CI: 52.8%, 61.2%).

3.2. Analytic issues of the synthesis methods

Figure 3 presented the detailed analytic issues of inap-
propriate use of synthesis method. There were 74 DRMAs
(14.0%, 95% CI: 11.3%, 17.2%) that used at least one of
the four inappropriate statistical models we defined earlier.
Of which, 12 used dichotomous variables in a nonlinear
model (16.2%, 95% CI: 8.7%, 26.6%), 19 combined
descriptive studies with analytical studies (25.7%, 95%
CI: 16.2%, 37.2%), 21 incorrectly presented results
(28.4%, 95% CI: 18.5%, 40.1%), 13 used incorrect method
to test the nonlinearity (17.6%, 95% CI: 9.7%, 28.2%), and
nine mixed (all mixed with two of the errors) above errors
(12.2%, 95% CI: 5.7%, 21.8%).

3.3. Study characteristics associated with
methodological quality

The global methodological quality score ranged from 4
to 15, with the median of 9 (first and third quartiles: 7,
10). Only 64 (12.1%) of included studies had score higher
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Fig. 2. The adherence rate of each methodological tip; (A) radar plot of the adherence rate of each item and (B) the ranking of the adherence rate.
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than 10 points. Figure 4 presents the distribution of method-
ological quality score.

Our multivariable regression analysis suggested that, af-
ter adjusted for clustering on journal, a larger number of au-
thors (5 to 6 vs. 4 or less [estimated b 5 0.71; 95% CI:
0.39, 1.03; P ! 0.0001]), studies published more recently
(estimated b 5 0.29; 95% CI: 0.21, 0.36; P for
trend ! 0.0001), studies with financial support (estimated
b 5 0.41; 95% CI: 0.13, 0.70; P 5 0.005) were associated
with better methodological quality, whereas studies from
authors other than European region (estimated
b 5 �0.68; 95% CI: �1.05, �0.31; P ! 0.0001) were
associated with poorer methodological quality (Table 2).
The multivariable regression can explain 17.5% of the vari-
ance [R2 5 0.175; F (13,173) 5 7.99].
3.4. Sensitivity analysis

We used generalized estimating equation with clustered
variance as a sensitivity analysis of the aforementioned
multivariate regression analysis. This was achieved by
setting the variable of ‘‘journal’’ as clustered variable. No
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Fig. 3. The pie plot of analytic issues of synthesis methods of 74 DRMAs. DRMA, dose-response meta-analysis.
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significant changes occurred, suggesting robustness of the
findings (Table 2).
4. Discussion

In this comprehensive literature review, we found that the
methodological quality of published DRMAs was subopti-
mal. The major limitations included the failures to provide
an a priori design, document search strategy, consider gray
literature as an inclusion criterion, list excluded studies,
document scientific quality, and appropriately factor scienti-
fic quality into conclusions. In the regression analysis, we
found that involvement of more authors and provision of
financial support were associated with higher
0

20

40

60

80

100

120

140

4 5 6 7 8 9

ycneuqerF

Total method

Fig. 4. The distribution of tot
methodological quality of DRMA. We also observed signif-
icant improvement of the methodological quality over the
recent years. This positive trend was similar to a recent
research about meta-analyses of single-case experimental
studies as well as two other surveys of meta-analysis on
specialist areas (pediatric dentistry, vaccinology) [17,33,34].

In our study, DRMAs conducted by Asia-Pacific au-
thors had lower methodological quality than those by Eu-
ropean authors. The finding was consistent with some
other meta-epidemiological studies [22,35,36]. In the
study by Qin et al. [36], meta-analyses in English showed
better methodological quality than Chinese. This sug-
gested that more efforts may be warranted for Asian au-
thors to use rigorous methods of DRMAs. Fortunately,
research initiatives have been made to change this
10 11 12 13 14 15

ological score

al methodology quality.
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situation. For instance, a series of methodological articles
have been available to the Chinese audiences, which spe-
cifically discussed the methods of DRMAs [37,38]. The
reporting guidance of DRMAs (Chinese version) was also
published in 2016 [11].

Methodological quality has close relevance to internal
validity of meta-analysis. Poorly designed and conducted
meta-analyses are susceptible to systematic bias, and the re-
sults are less useful for evidence-informed decision [39]. In
this survey, the major methodological limitations of the
included DRMAs lied in literature search and screening,
and risk of bias assessment. Low reproducibility in litera-
ture search and use of less rigorous study screening pro-
cesses may introduce selective bias. For the risk of bias
assessment, the most common problem was that the authors
simply presented a summary score of risk of bias, instead of
documenting details. Such aggregate information is insuffi-
cient for clinical guideline developers to achieve informed
decision. To improve the methodological quality of
DRMAs, substantial efforts should be implemented
urgently. Review authors are highly suggested to cooperate
with methodologists to ensure the appropriate conduct of
statistical and nonstatistical methods. Developing and pub-
lishing a protocol in advance may also be helpful to
improve the design and conduct [40]. The GRADE
Table 2. Multivariable regression analysis of potential factors for methodolo

Influence factors

Estimated b (95% CI)

Multivariable

No. of authors

�4 Reference

5 | 6 0.71 (0.39, 1.03) !

7| 8 0.72 (0.37, 1.08) !

O8 0.45 (0.02, 0.87)

Each author increase 0.19 (0.05, 0.33)

Year of publication

2011 Reference

2012 0.91 (0.24, 1.57)

2013 1.14 (0.35, 1.93)

2014 1.14 (0.49, 1.78)

2015 1.43 (0.75, 2.11) !

2016 1.74 (1.07, 2.41) !

2017 (up to July 31) 2.26 (1.53, 3.01) !

Each year increase 0.29 (0.21, 0.36) !

Region

European Reference

Asia-Pacific �0.68 (�1.05, �0.31) !

America �0.34 (�0.97, 0.28)

Funding

No or not reported Reference

Yes 0.41 (0.13, 0.70)

Abbreviation: CI, confidence interval.
The multivariable regression was based on weighted least square linear r

equation (GEE); both the methods with the variance estimation were based
approach is highly recommended to be used in DRMAs
to rate the quality of evidence to achieve an informed deci-
sion for evidence users [21]. In addition, it is reasonable to
develop a methodological guideline of DRMA to help re-
view authors to form a clear thinking pathway.

Among the AMSTAR items, several were well adhered
by most of the DRMAs. Nevertheless, the issue regarding
the use of appropriate synthesis methods is worth discus-
sing. An appreciable proportion of DRMAs (nearly 14%)
failed to use appropriate methods to synthesize effect esti-
mates from individual studies. It is particularly concerning
that some studies combined effect estimates from analytical
studies (eg, cohort studies) with descriptive studies (eg,
cross-sectional studies) or used an inappropriate model
we documented earlier [4e10]. These types of inappro-
priate use of the methods would largely influence the valid-
ity of the results and the conclusions of the findings that
make no sense for the health care decision. It should be
noted that this proportion is largely underestimated because
the description of the synthesis methods of dose-response
relationship is insufficient, most of which did not provide
a clear description on how they fit the dose-response rela-
tionship, synthesize the dose-response relationship, and test
the potential trend (eg, linear or nonlinear). We cannot
make a thorough judgment of such studies of whether the
gical quality

Sensitivity analysis

P-value GEE regression P-value

Reference

0.0001 0.73 (0.41, 1.05) !0.0001

0.0001 0.83 (0.45, 1.20) !0.0001

0.051 0.57 (0.13, 1.00) 0.011

0.010 0.24 (1.57, 3.06) 0.001

Reference

0.007 0.89 (0.29, 1.49) 0.004

0.003 1.20 (0.48, 1.93) 0.001

0.001 1.15 (0.54, 1.76) !0.0001

0.0001 1.41 (0.76, 2.06) !0.0001

0.0001 1.75 (1.15, 2.36) !0.0001

0.0001 2.31 (1.57, 3.04) !0.0001

0.0001 0.30 (0.22, 0.39) !0.0001

Reference

0.0001 �0.77 (�1.13, �0.41) !0.0001

0.265 �0.41 (�1.07, 0.25) 0.217

Reference

0.005 0.34 (0.05, 0.63) 0.021

egression; the sensitivity analysis was based on generalized estimating
on robust standard error.
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methods are appropriately used. Therefore, the current sur-
vey may overestimate the methodological quality of these
DRMAs.

Referring to these analytic issues, there are five recom-
mendations for conducting a DRMA.

4.1. To ensure what types of exposure variable will be
fitted in the DRMA model

Continuous variable can be fitted in both linear and
nonlinear regression functions, whereas for dichotomous
variables, linear or piecewise linear models are
recommended.

4.2. To ensure what types of study will be included and
synthesized

Generally, it is improper to synthesize the results of
descriptive studies (eg, cross-sectional) with analytic
studies (eg, cohort, case-control) together to avoid the in-
verse causality [41]. However, it is not meant that pooling
cohort studies (or case-control studies) can escape from in-
verse causality due to varying of confounders.

4.3. To ensure what kind of trend approximating
function for fitting the potential nonlinear dose-response
relationship

There were generally three types of functions for consid-
eration: restricted cubic splines, natural quadratic function,
and the fractional polynomials [4,6,10]. The most
commonly used nonlinear function is the restricted cubic
splines with 3 or 4 knots inserted in the data distribution.
Inserting three knots would generate two splines with the
first spline as dose itself (linear part), whereas the second
is the cubic transformation (nonlinear part) [6,7]. When
testing the nonlinearity, we can assume the coefficient of
the second spline as zero to get a statistical inference. Sim-
ilarity, inserting four knots would generate three splines
with the second and third splines as nonlinear part, which
were both assumed to be zero for the nonlinearity test [25].

4.4. To ensure what kind of approaches are used for
synthesizing the dose-response relationship

TMR model, GLST, and REMR were all available ap-
proaches. TMR did not take into account for the within-
study correlations of relative risks that the estimation is
relatively crude [42]. GLST is generally a two-stage pro-
cedure while REMR is a one-stage procedure; empirical ev-
idence suggested that these two methods can reach similar
trend estimation [6e8].

4.5. To ensure whether the reference categories across
studies are homogeneous

When there are heterogeneous references, centering the
references is a necessary procedure to reduce the
heterogeneity [8] because heterogeneity indicates some sort
of inconsistency in the main effect, which is problematic
for making clinical choices.

Our study has some strengths. In this survey, we
included nearly all of the DRMAs published before August,
2017. Thus, our analyses have a high level of representa-
tiveness. Second, we used rigorous methods to conduct this
study. For instance, we mandated a strict process of quality
assessment, in which, we required that at least 30 minutes
should be used for assessing methodological quality of each
study. Third, we used appropriate statistical methods, such
as robust weighted least square regression. To the best of
our knowledge, this is a most comprehensive survey
regarding DRMAs and the first investigation of methodo-
logical quality of these DRMAs. The findings would be
useful for the development of methodology guideline of
DRMAs [20].

There were also few limitations. First, we did not
include DRMAs with continuous outcomes. Nevertheless,
this type of DRMAs is very rare, and we decided not to
include for the sake of interpretability of findings. We will
continue our efforts to examine methodological quality of
DRMAs of a continuous outcome when the data are suffi-
cient. Second, we may not have identified all potential fac-
tors associated with methodological quality. For example,
we were unable to acquire length of time spent on con-
ducting each DRMA due to the lack of such information
from each report. Third, in assessing the global methodo-
logical quality, we arbitrarily allocated one point to each
of the 15 modified AMSTAR items, assuming that each
item carried equal weight. This approach may not be
optimal. However, the analyses using alternative approach
suggested that the findings were robust. In addition, we
used 80% and 30% as cut points for measurement of well
complied, moderate complied, and poor complied; this
was somewhat arbitrary that different cut point setup may
lead to different judgment.

In conclusion, the methodological quality of published
DRMAs was suboptimal, although it has been improved
over time. More efforts are warranted for authors from
Asia to take more rigorous methods in the conduct of
the study. It would be highly desirable if more methodo-
logically trained authors are involved in the study to
ensure the methodological quality. In addition, funding
bodies may consider offering support to this type of study
to ensure sufficient resources are available to the investi-
gators. An explicit guidance specific to the conduct of
DRMAs may also be desirable to improve the quality of
future DRMAs.
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