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Abstract

Objectives: Systematic understanding is lacking regarding how current trials handle repeated measure data and the extent to which
appropriate statistical methods are used for such data set. This study investigated the current practice of analyzing the repeated measure
data among randomized controlled trials (RCTs).

Study Design and Setting: We searched the Core Clinical Journals indexed in PubMed for RCTs published in 2019 and in-
cluded a continuous primary outcome with repeated measures. We randomly sampled RCTs from the eligible trials. Team of methods
trained investigators screened studies for eligibility and collected data using the pilot-tested, standardized questionnaires. We thoroughly
documented statistical analyses of the continuous primary outcome with repeated measures and particularly recorded how statistically
advanced methods were used to handle these repeated measures.

Results: In total, 200 trials were included. Of these trials, the mean number of repeated measures for the continuous primary
outcome was 5.46 (SD = 3.4); 58 (29.0%) trials did not specify the time point of primary outcome in the method; 113 (56.5%) trials
did not use statistically advanced methods for handling repeated measure data in the primary analyses. Amongl87 trials included the
baseline values, 88 (47.1%) trials did not adjust for outcome value at baseline. Among 87 trials using statistically advanced methods,
49 (56.3%) did not specify correlation structure for model.

Conclusions: The statistical analyses of repeatedly measured continuous outcomes in RCTs need substantial improvements. Careful
planning of the primary outcome and the use of statistically advanced methods for analyzing data are warranted. © 2021 The Author(s).
Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/)
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1. Introduction

Abbreviations: RCT, randomized controlled trial; CI, confidence inter- Repeated measures are common in the randomized con-
\{al; PRO, patlent—repo.rted out?ome; GEE, generalized §st1mat1ng equa- trolled trials (RCTS) []’2] and are often used to investigate
tions; ANOVA, analysis of variance; CONSORT, Consolidated Standards h . 3.4
of Reporting Trials; ANCOVA, analysis of covariance; BMJ, British Med- the treatment e ec't [3.4]. However, repeated measure data
ical Journal; AIC, Akaike Information Criterion; BIC, Bayesian Informa- from the same patient are often correlated and many com-
tion Criterion; SPIRIT, Standard Protocol Items; MMRM, mixed-effect monly used statistical methods, such as #-test, analysis of
model for repeated measures. variance (ANOVA), and linear regression models are not
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What is new?

Key findings:
* More than half of RCTs did not use statistically
advanced methods, such as the mixed-effect model
for repeated measures analysis or generalized es-
timating equations (GEE), for handling repeatedly
measured continuous outcomes. Nearly half of the
trials did not adjust for outcome value at baseline.
More than half of trials using statistically advanced
methods failed to specify the details about the sta-
tistical model, including the assumption of corre-
lation structure, the inclusion of variables, and ad-
justment for baseline outcome values.
Trials published in the higher impact journals and
the involvement of methodologists were more likely
to use statistically advanced methods.
What this adds to what is known
» Although statistically advanced methods have been
recommended for analyzing repeated measures
data, it remains unclear how current trials handle
such data in their actual research practice. Through
a comprehensive survey, our study identified several
critical methodological issues in journals of various
scientific impacts. The results suggested that sta-
tistical analyses of repeatedly measured continuous
outcomes in current RCTs still require substantial
improvement, moreover the use of statistically ad-
vanced methods is highly warranted. .
What is the implication, what should change now
* When planning and analyzing repeatedly measured
continuous outcomes in RCTs, use of statistically
advanced methods is desirable.
Pre-specification of the methods for analyzing re-
peated measurement data and statistical details (e.g.
assumption of the correlation structure, variables in-
clusion in the statistical model, and adjustment for
the baseline outcome value) are warranted to im-
prove the methodological quality of statistical anal-
yses as well as to promote the transparency.

.

which is often unrealistic in medical research. Situations
may become even more complicated in case of missing
outcome data [6,7].

For solving these issues, statistically advanced mod-
els such as the mixed-effect model for repeated measures
(MMRM) analysis and generalized estimating equations
(GEE) are developed to handle complex repeated measure
data [2,3,8-10]. Because these models can utilize all avail-
able data from repeated measures and fully consider the
interaction between treatment group and the time, they of-
ten have superior statistical performance over traditional
statistical methods, not only helpful for investigating the

main effect across multiple time points or the change of
treatment effects over time, but also for investigating treat-
ment effect at a specific time point [4]. Nevertheless, the
adaption of these methods is relatively low and trial inves-
tigators may remain interested in using traditional methods.
The omission of repeated measures may reduce the power
of analysis and sometimes leads to the biased estimates.

Despite statistical recommendations for repeated mea-
sures are available [11-13], it remains unclear that how
current trials utilized repeated measures and whether they
used statistically advanced methods in the analyses. The
lack of this important information may prevent the trial
community from further improving study design and anal-
ysis of repeated measures. We thus conducted a cross-
sectional survey of current RCTs involving repeatedly mea-
sured continuous outcomes to examine the current practice
and identify critical methodological issues for improve-
ments.

2. Methods
2.1. Definitions

We classified statistical analysis approaches into statisti-
cally advanced methods and conventional methods, accord-
ing to (1) whether all available repeated measure data were
fully used and (2) whether missing data were dealt flex-
ibly. The handling of missing data was considered ’flex-
ible’ if a model readily accommodated the missing data
(such as a linear mixed-effect model), in which case addi-
tional imputation was not necessary [4,9,14]. Statistically
advanced methods included mixed-effect model for re-
peated measures analysis and generalized estimation equa-
tion. Conventional methods were defined as the use of #-
test, ANOVA, analysis of covariance (ANCOVA), linear
regression models and repeated measure ANOVA. In ad-
dition, we defined patient-reported outcome (PRO) as an
outcome reported by the patients, such as assessments of
health status, quality of life, and symptoms [15].

2.2. Eligibility criteria

We included a study if it was an RCT with at least one
repeatedly measured continuous outcome as the primary
outcome. The primary outcome had to be clearly described
in the abstract, method, or results of the RCT. We included
studies using repeated measured data with at least 3 mea-
surements to fit for statistically advanced methods (e.g.,
mixed-effect model for repeated measures analysis or gen-
eralized estimation equation).

Studies were excluded if they were explicitly labelled as
a phase I trial or phase I/II trial, an unparalleled RCT (in-
cluding a factorial RCT, a crossover RCT, a stepped wedge
cluster RCT, or an n-of-1 trial), reported a continuous vari-
able as the primary outcomes but analyzed as a categorical
variable, a subgroup analysis of RCTs or a study protocol.
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2.3. Literature search

We searched PubMed to identify RCTs published in
Core Clinical Journals between January 1 and Decem-
ber 31, 2019. The Core Clinical Journals were previously
known as the Abridged Index Medicus and included 118
journals covering all specialties of clinical medicine and
public health sciences [16]. In developing the search strat-
egy, we used search terms related to the randomized con-
trolled trial. The full search strategy is outlined in Ap-
pendix A.

2.4. Study process

Teams of paired reviewers (Y.R., YJ., Y.Z., and Y.H.),
trained in clinical epidemiology or medical statistics with
practical skills of repeated measurement analysis, under-
took the study selection and the data extraction. First, they
independently screened titles and abstracts to identify re-
ports of RCTs. Then they independently screened full texts
using the pre-defined eligibility criteria and extracted data
from eligible studies using pilot-tested, structured forms
with detailed written instructions. Any disagreements were
resolved by the discussion, if needed, adjudication by a
third reviewer (X.S.).

2.5. Data collection

We developed a questionnaire to collect data from eli-
gible RCTs. First, the initial version was developed by two
investigators (Y.R. and M.Y.) trained in medical statistics
with reference to Consolidated Standards of Reporting Tri-
als (CONSORT) [17] and the other methodological stud-
ies [18-21]. Subsequently, they discussed with two experi-
enced methodologists (L.L. and X.S.) to decide if each of
the questions were appropriate, or dropped the items oth-
erwise. Then, two investigators (Y.R. and Y.J.) conducted
pilot testing by collecting data from 10 trials, and docu-
mented issues about the appropriateness and accuracy of
the questionnaire. Finally, on the basis of the pilot testing,
the team of ten investigators convened to discuss and de-
termine if each of the questions needs to be included or if
the questions should be further refined.

For each RCT, we pre-defined a continuous primary out-
come with repeated measures, using the following rules:
(1) if the trial clearly specified a continuous primary out-
come with repeated measures in the abstract, method or
result, we selected that outcome as the primary one; and
(2) If the trial included more than one continuous primary
outcomes with repeated measures, we selected the one that
was firstly reported in the abstract.

We collected general study characteristics from each
RCT, including the first-author name, journal, number of
centers (single center, multicenter: number of trial sites >
2, not reported), international trial (i.e., number of coun-
tries involved > 2), type of intervention (drugs, medical

devices, surgical, behavioral intervention, rehabilitation, in-
vasive nonsurgical procedure, other), type of control (stan-
dard care, placebo, drugs, medical devices, surgical, in-
vasive nonsurgical procedure, rehabilitation, psychological,
behavioral intervention, other), source of funding (govern-
ment, private for profit, private not for profit, no funding,
not reported), sample size, length of follow-up, trial regis-
tration, protocol availability, provision of statistical analy-
sis plan, number of treatment arms, use of blinding, and
involvement of a methodologist. We assessed the protocol
availability as to whether the study protocol was publicly
available. We judged that a methodologist was involved
if any authors declared an affiliation with a department
of epidemiology or statistics, or if a methodologist was
clearly acknowledged in the paper.

For the pre-defined primary outcome, we collected
the information including number of repeated measures,
whether baseline measure was included, type of the pri-
mary outcome (i.e., laboratory examinations, symptoms,
quality of life, functional status, other), whether it was
a patient-reported outcome, form of the primary outcome
(i.e., raw value, absolute change from baseline, percent
change from baseline, other), was the time point of pri-
mary outcome pre-specified, which time points were used
for the primary outcome, if single time point was used for
the primary outcome, whether multiple time points of the
outcome variable were included for secondary analyses.

We also collected the information details regarding sta-
tistical analyses of the pre-defined primary outcome, as
below: (1) which statistical methods were used (i.e., #-test
or Mann-Whitney U test or ANOVA, ANCOVA, repeated
measure ANOVA, mixed-effect model for repeated mea-
sures analysis, generalized estimation equation, other, not
specified); (2) if an advanced method was used, whether
correlation structure was assumed and whether the fit
of correlation structure was assessed; (3) if an advanced
method was used, then whether the trial investigators de-
scribed independent variables (e.g., intervention, the timing
of measurement, and their interactions); (4) whether any
sensitivity analysis was conducted using advanced meth-
ods; (5) whether the baseline outcome data was adjusted,
and which method was used for adjusting; (6) whether the
primary analysis was the same as the statistical analysis
plan.

2.6. Sample size and random sampling

We estimated 200 papers to achieve the desired confi-
dence interval (0.43, 0.57) around the proportion of RCTs
that used advanced methods regarding repeatedly measured
continuous outcome, where the proportion was set as 0.5
since it was the most conservative situation. A total of
200 papers could achieve a sufficient power when assess-
ing current practice, in line with similar studies [18,21].

We stratified journals into higher impact factor groups
(Journal of the American Medical Association, The Lancet,
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Identification of studies via databases
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Fig. 1. Flow chart of study selection. For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.

New England Journal of Medicine, British Medical Jour-
nal (BMJ)) and lower impact factor groups (the remaining
Core Clinical journals) according to 2019 impact factor
from the Institute for Scientific Information (ISI) Web of
Knowledge Journal Citation Reports. We included all iden-
tified publications from the higher impact journals and a
random sample from the eligible studies published in lower
impact journals. We assigned a unique ID number for each
searched record. For eligible studies in lower impact jour-
nals, we randomly sampled from this unique ID number
using SPSS 24.0 software.

2.7. Analysis

For all descriptive analyses, we used percentages for
categorical variables, and mean (standard deviation) or
median (interquartile range) for continuous variables.
We compared general study characteristics, characteristics
about primary outcome, and statistical analysis methods
between RCTs published in the higher impact journals ver-
sus the lower impact journals, using the Chi-Square test or
Fisher’s exact test for categorical variables, and r-test or
Mann Whitney U test for continuous variables.
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Table 1. General characteristics of included randomized controlled trials.
Characteristics All (N, %) Higher impact Lower impact P value
journals (N, %) journals (N, %)
Sample sizes® 148 (66, 249) 305 (168, 663) 100 (60, 194) <0.001
> 100 118 (59.0) 37 (86.0) 81 (51.6)
< 100 82 (41.0) 6 (14.0) 76 (48.4)
Length of follow-up? 180 (56, 365) 364 (180, 560) 174 (42, 365) 0.002
Number of centers <0.001
Single center 86 (43.0) 2(4.7) 84 (53.5)
Multicenter 101 (50.5) 40 (93.0) 61 (38.9)
Not reported 13 (6.5) 1(2.3) 12 (7.6)
International study 24 (12.0) 16 (37.2) 8 (5.1) <0.001
Type of intervention 0.095
Drugs 98 (49.0) 28 (65.1) 70 (44.6)
Medical devices 23 (11.5) 3(7.0) 20(12.7)
Surgical 17 (8.5) 3(7.0) 14 (8.9)
Behavioral intervention 23 (11.5) 7 (16.3) 16 (10.2)
Rehabilitation 18 (9.0) 1(2.3) 17 (10.8)
Invasive nonsurgical procedure 6 (3.0) 0 (0) 6 (3.8)
Other 15 (7.5) 1(2.3) 14 (8.9)
Type of control 0.703
Standard care 36 (18.0) 9 (20.9) 27 (17.2)
Placebo 75 (37.5) 21 (48.8) 54 (34.4)
Drugs 39 (19.5) 7 (16.3) 32 (20.4)
Medical devices 12 (6.0) 2(4.7) 10 (6.4)
Surgical 11 (5.5) 1(1.3) 10 (6.4)
Behavioral intervention 10 (5.0) 2(4.7) 8(5.1)
Rehabilitation 8 (4.0) 0 (0) 8 (5.1)
Invasive nonsurgical procedure 1(0.5) 0 (0) 1(0.6)
Other 8 (4.0) 1(2.3) 7 (4.5)
Number of treatment arms 0.405
2 158 (79.0) 32 (74.4) 126 (80.3)
3 or more 42 (21.0) 11 (25.6) 31(19.7)
Source of funding®
Government funding 96 (48.0) 19 (44.2) 77 (49.0) 0.572
Private for profit 45 (22.5) 19 (44.2) 26 (16.6) <0.001
Private not for profit 64 (32.0) 14 (32.6) 50 (31.9) 0.929
No funding 9 (4.5) 0 (0) 9 (5.7) 0.209
Not reported 18 (9.0) 0 (0) 18 (11.5) 0.015
Was the trial registered? 186 (93.0) 43 (100.0) 143 (91.1) 0.196
Was trial protocol publicly 100 (50.0) 43 (100.0) 57 (36.3) <0.001
available?
Source of trial protocol <0.001
Published article 26 (26.0) 6(14.0) 20 (35.1)
Trial registry platform 24 (24.0) 4 (9.3) 20 (35.1)
Supplemental content 50 (50.0) 33 (76.7) 17 (29.8)
Was statistical analysis plan 97 (48.5) 42 (97.7) 55 (35.0) <0.001
available?
Source of statistical analysis plan 0.001
Protocol 72 (74.2) 32 (76.2) 40 (72.7)

(continued on next page)
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Table 1 (continued)

Characteristics All (N, %) Higher impact Lower impact Pvalue
journals (N, %) journals (N, %)

Trial registry platform 16 (16.5) 2 (4.8) 14 (25.5)

Supplemental content 9(9.3) 8 (19.0) 1(1.8)

Methodologist involved 61 (30.5) 15 (34.8) 46 (29.3) 0.481
Blinding 0.253

Single-blinded 46 (23.0) 6(13.9) 40 (25.5)

Double-blinded 99 (49.5) 26 (60.5) 73 (46.5)

Multi-blinded 10 (5.0) 1(2.3) 9 (5.7)

Un-blinded 45 (22.5) 10 (23.3) 35 (22.3)

@ Median (interquartile range),
b 32 trials have more than one financial support.

We planned to use a logistic regression to examine the
association of study characteristics with using vs. not us-
ing statistically advanced methods. In our regression anal-
ysis, we included 6 prespecified study characteristics, i.e.,
6 variables, including sample size (> 100 vs. < 100), in-
volvement of methodologists, type of funding (government
vs. other), journal type (higher impact vs. lower impact),
type of intervention (pharmaceutical vs. others), and pro-
tocol availability. Data from these analyses were reported
as OR with 95% confidence intervals (CIs). Our a priori
hypotheses based on expert opinions and similar method-
ological studies [21,22] were as follows: trials with larger
sample sizes, involvement of methodologists, government
funding, higher impact journal, drug intervention and avail-
ability of trial protocol were more likely to use statistically
advanced methods. For all statistical tests, a two-tailed «
level of 0.05 was used. Statistical comparisons with P
< 0.05 were considered statistically significant. Statistical
analyses were undertaken in SAS 9.4 software.

3. Results

Through search of PubMed, 4262 records were iden-
tified, and 330 studies met the eligibility criteria. Using
a stratified sampling strategy, we included all the 43 tri-
als published in the higher impact journals and a random
sample of 157 trials from lower impact journals (Fig. 1,
Appendix B).

Of the 200 trials, 101 (50.5%) were multicenter studies,
24 (12.0%) were international studies, and 98 (49.0%) as-
sessed drug effects (Table 1). The median sample size was
148 (interquartile range (IQR) 66-249), and 118 (59.0%)
trials had sample sizes less than 100. The median follow-up
was 180 days (IQR 56-365). A total of 186 (93.0%) trials
were registered, 100 (50.0%) trial protocols were publicly
available, and 97 (48.5%) provided a statistical analysis
plan. Most trials received financial support, among which
96 (48.0%) received government funding and 45 (22.5%)
received industry funding (Table 1).

3.1. Characteristics of the repeatedly measured
continuous primary outcomes

Table 2 presents the characteristics of repeatedly mea-
sured continuous primary outcomes in the included RCTs.
The mean number of repeated measures was 5.46, and 187
(93.5%) trials included baseline measures. Laboratory ex-
aminations (n = 78, 39.0%), symptoms (n = 77, 38.5%)
and functional status (n = 27, 13.5%) were the most fre-
quently used primary outcomes.

Of the 200 trials, 98 (49.0%) used PROs as the pri-
mary outcome; 125 (62.5%) used the raw value of re-
peated measures for primary outcome as opposed to that
68 (34.0%) used transformed data including absolute or
percentage change from baseline. One hundred forty-two
(71.0%) trials prespecified time point of the primary out-
come in the method. 104 (52.0%) used multi-time points
for primary outcomes.

Trials published in the higher impact journals were less
likely to use the raw value of repeated measures (37.2%
vs. 69.4%; P < 0.001), were more likely to specify the
time point of primary outcome in the method (100.0% vs.
63.1%; P < 0.001), and were less likely to use multi-
ple time points for defining primary outcome (16.3% vs.
61.8%; P < 0.001).

3.2. Statistical analyses of the repeatedly measured
primary outcomes

Among the 200 trials, 96 (48.0 %) assessed treatment
effect at a single point, and 104 (52.0%) assessed treat-
ment effect over a span of multiple observations (Fig. 2
and Table 3). Of the 96 trials assessing treatment effect at
a single time point, 39 (41.0%) used statistically advanced
methods, and the others used conventional methods. Of
the 104 trials for assessing treatment effect across a span
of multiple observations, 48 (46.1%) used statistically ad-
vanced methods (Table 3). In total, 113 (56.5%) trials did
not use statistically advanced methods in the primary anal-
yses, in which cases only 10 (8.9%) used statistically ad-
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Table 2. Characteristics of the continuous primary outcomes with repeated measuresa

Characteristics All (N, %) Higher impact Lower impact P value
journals (N, %) journals (N, %)
Number of repeated measures: 5.46 (3.4) 6.2 (3.3) 5.3 (3.4) 0.109
Mean (SD)
Included baseline measure of 187 (93.5) 42 (97.7) 145 (92.4) 0.306
primary outcome
Type of the primary outcomes <0.001
Laboratory Examinations 78 (39.0) 22 (51.2) 56 (35.7)
Symptoms 77 (38.5) 9 (20.9) 68 (43.3)
Quality of life 11 (5.5) 7(16.3) 4 (2.6)
Functional status 27 (13.5) 3(7.0) 24 (15.3)
Other 7 (3.5) 2(4.7) 5(3.2)
Whether the primary outcome was 0.476
a patient-reported outcome (PRO)
Yes 98 (49.0) 19 (44.2) 79 (50.3)
No 102 (51.0) 24 (55.8) 78 (49.7)
Form of the primary outcome <0.001
Raw value 125 (62.5) 16 (37.2) 109 (69.4)
Absolute change from baseline 58 (29.0) 21 (48.8) 37 (23.6)
Percent change from baseline 10 (5.0) 4(9.3) 6 (3.8)
Other 7 (3.5) 2(4.7) 5(3.2)
Was the time point specified for <0.001
primary outcome in the method?
Yes 142 (71.0) 43 (100.0) 99 (63.1)
No 58 (29.0) 0 (0) 58 (36.9)
Which time points were used for <0.001
primary outcomes?
Multiples time points 104 (52.0) 7 (16.3) 97 (61.8)
Single time point only 96 (48.0) 36 (83.7) 60 (38.2)
If single time point was used 0.241
for primary outcome, whether
multiple time points of the
outcome variable were included
for secondary analyses
Yes 29 (30.2) 13 (36.1) 16 (26.7)
No 67 (69.8) 23 (63.9) 44 (73.3)

vanced methods for sensitivity analyses. A total of 187
trials included baseline value of the primary outcome, of
which 88 (47.1%) did not adjust for baseline value. Of
those 99 trials adjusting for baseline value, 68 (68.7%) in-
cluded baseline value as a covariate and 31 (31.3%) as a
response variable for adjusting.

Trials published in the higher impact journals were
more likely to use statistically advanced methods (treat-
ment effect at a single time point: 55.6% vs. 31.7%, P =
0.021; treatment effect across multiple time points: 85.7%
vs. 43.3%, P = 0.047), use statistically advanced methods
for sensitivity analyses (41.2% vs. 3.1%; P < 0.001), and
adjust for baseline value (83.3% vs. 44.1%; P < 0.001).

Additionally, we found that among the 97 trials report-
ing statistical analysis plan, the primary analyses were in-
consistent with the plan in 15 (15.5%) trials. Five of these

trials with protocol deviation were published in higher im-
pact journals, in which these trials originally planned to
use traditional methods but changed to use statistically ad-
vanced methods in the final analyses (Appendix Table 1).

3.3. Statistical details among trials using statistically
advanced methods

In further analyzing the 87 trials using statistically ad-
vanced methods for primary analysis, 49 (56.3%) did not
assume correlation structure for model, most of which
(65.8%) did not assess the fitting of correlation structure,
and most of which (55.3%) assumed unstructured correla-
tion structure. In total, 76 (87.4%) trials described inde-
pendent variables (i.e., treatment, time, or treatment*time),
67 (77.0%) assessed the interaction between treatment and
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In 200 included trials

Primary assessment
time

Statistics methods
used for primary
analyses of main effect

Baseline adjustment

96 (48.0%) trials primary assessed
treatment effect at a single point

39 (41.0%) trials used statistically
advanced methods

Among 187 trials included the baseline value, 99 (52.9%) adjusted baseline value

104 (52.0%) trials primary assessed
treatment effect over a span of
multiple observations

48 (46.1%) trials used statistically
advanced methods

Fig. 2. The reporting of key methodological information by included studies (N = 200). For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.

time variable. Of the 73 (83.9%) trials included time vari-
able, 44 (60.3%) used categorical time variable, 18 (24.6%)
were continuous and 11 (15.1%) were unclear. Among 18
trials including a continuous time variable, 9 (50.0%) as-
sessed if a non-linear relationship over time was present
(Table 4). Trials published in higher impact journals were
more likely to specify correlation structure (61.5% vs.
36.1%, P = 0.028) and consider the interaction (92.3%
vs. 70.5%, P = 0.027).

3.4. Characteristics associated with the use of
statistically advanced methods

Our multivariable logistic regression analysis suggested
that involvement of methodologists (68.9% vs. 39.6%,
OR = 2.92, 95% CI: 1.45-5.85, P = 0.003), publication in
higher impact journals (76.7% vs. 40.8%, OR = 3.24, 95%
CI: 1.25-8.43, P = 0.016), and larger sample sizes (60.2%
vs. 31.7%, OR = 2.21, 95% CI: 1.15-4.22, P = 0.017)
were more likely to use statistically advanced methods (Ta-
ble 5).

4. Discussion
4.1. Findings and interpretations

In this study, we found that statistical practices for han-
dling repeated measure continuous outcomes varied sub-
stantially among current RCTs. For instance, in the initial
treatment of such data, while most of the trials (62.5%)
used the raw values of repeated measures for analyses, a
relatively large proportion (34%) of trials used transformed
data, including absolute or percentage change from base-
line. We also found that the interest in assessing treatment
effect over a span of time points vs. that on a specific

time point is nearly an equal split among trial investiga-
tors. However, looking into details, we found that trials in
top medical journals were much more likely to focus on
treatment effects at a single time point and those in lower
impact journals are more inclined to examine treatment
effect over a span of multiple time points.

We also found that the planning and statistical analyses
of continuous primary outcomes with repeated measures
warrant substantial improvements. For instance, nearly one
third of trials did not specify the time points for the contin-
uous primary outcome in the method, and this issue was in
particular a case in lower impact journals. In analyzing the
repeated measure data, more than half of trials (56.5%) did
not use statistically advanced methods in primary analysis.
This is particularly concerning even if the interest was to
examine treatment effect over multiple time points, and we
identified 56 trials were in this case which were almost all
published in lower impact journals. One more serious issue
was that approximately half (45.5%) of trials published in
lower impact journals used #-test or similar approaches to
conduct multiple tests at each time point, which substan-
tially increased false-positive findings.

When assessing treatment effect at a single time point,
trials published in higher impact journals are more likely
to use statistically advanced methods. Even if traditional
methods were used in such trials, the ANCOVA model be-
came the primarily used statistical method. Additionally,
these trials were more likely to include statistically ad-
vanced methods in the sensitivity analyses if they were
not used in the primary ones.

When analyzing continuous outcomes with repeated
measures, baseline values were often correlated with
follow-up measures; adjusting for baseline value has been
shown to remove conditional bias for assessing treatment
effect and improve efficiency over unadjusted compar-
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Table 3. Statistical analyses of repeatedly measured continuous primary outcome.

Items All (N, %) Higher impact Lower impact Pvalue
journals (N, %) journals (N, %)
Statistical methods used for primary analyses of main effect
Treatment effect at a single time point (n = 96) 0.021
Using statistically advanced methods 39 (41.0) 20 (55.6) 19 (31.7)
MMRM 35 (89.7) 19 (95.0) 16 (84.2)
GEE 4 (10.3) 1 (5.0) 3(15.8)
Using conventional methods 57 (59.0) 16 (44.4) 41 (68.3)
t-test or Mann-Whitney U test or ANOVA 20 (35.1) 1(6.3) 19 (46.3)
Repeated measures ANOVA with Bonferroni 1(1.8) 0 (0) 1(1.8)
correction
ANCOVA 25 (43.9) 11(68.7) 14 (34.2)
Other! 11 (19.3)) 4 (25.0)) 7(17.1)
Treatment effect across multiple time points 0.047
(n =104)
Using statistically advanced methods 48 (46.1) 6 (85.7) 42 (43.3)
MMRM 42 (87.5) 6 (100.0) 36 (85.7)
GEE 6 (12.5) 0 (0) 6 (14.3)
Using conventional methods 56 (563.9) 1(14.3) 55 (56.7)
t-test or Mann-Whitney U test or ANOVA for 25 (44.6) 0 (0) 25 (45.5)
each time point
Repeated measures ANOVA 23 (41.1) 0 (0) 23 (41.8)
ANCOVA 3(5.4) 0 (0) 3(5.4)
Other? 5(8.9) 1 (100.0) 4 (7.3)
Whether sensitivity analyses used advanced <0.001
methods if they were not used in primary analyses
(n=113)
Yes 10 (8.9) 7 (41.2) 3(3.1)
No 103 (91.1) 10 (58.8) 92 (96.9)
Whether baseline value was adjusted (n = 1872) <0.001
Yes 99 (52.9) 35(83.3) 64 (44.1)
No 88 (47.1) 7 (16.7) 81 (55.9)
If yes, methods for adjusting baseline value <0.001
(n =99)
Included baseline as a covariate 68 (68.7) 30 (85.7) 38 (59.4)
Included baseline as a response 31 (31.3) 5(14.3) 26 (40.6)
Whether the primary analysis was consistent with 0.779
statistical analysis plan (n = 97)
Yes 82(84.5) 36 (85.7) 46 (83.6)
No 15(15.5) 6(14.3) 9 (16.4)

MMRM, mixed-effect model for repeated measures; GEE, generalized estimating equation.
Note: Other! included mixed model for center only, linear regression, mean difference with 95% ClI.
Other? included Bayesian analysis, mixed model for center only, linear regression.

@ 187 RCTs included the baseline value.

isons [23,24]. However, in our study, nearly half of RCTs
(47.1%) did not adjust for baseline outcome value, and
those published in lower impact journals were more likely
to neglect this adjustment. This finding is similar to the
analysis of longitudinal trials in rehabilitation post-stroke
[25].

In thoroughly examining the statistical details among
trials that used statistically advanced methods, we have

identified several methodological issues that need further
improvements, including the specification of correlation
structure and assessment of the fitting of correlation struc-
ture. We also found that handling of key independent vari-
ables — including treatment, time, and their interactions —
needed further improvement.

All the above findings clearly suggested that the pat-
terns of handling continuous primary outcomes with re-
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Table 4. Statistical details among 87 trials using statistically advanced methods for primary analyses.

Items All (N, %) Higher impact Lower impact Pvalue
journals (N, %) journals (N, %)

Whether correlation structure was assumed 0.028

Yes 38 (43.7) 16 (61.5) 22 (36.1)

No 49 (56.3) 10 (38.5) 39 (63.9)
Type of correlation structure specified 0.715

Unstructured correlation structure 21 (55.3) 11 (68.8) 10 (45.5)

Autoregressive correlation structure 7 (18.4) 2(12.5) 5(22.7)

Exchangeable correlation structure 2 (5.3) 1(6.2) 1 (4.6)

Compound symmetry correlation structure 4 (10.5) 1(6.2) 3(13.6)

Correlation structure based on AIC/BIC 4 (10.5) 1(6.2) 3(13.6)
Whether the fit of correlation structure was 0.743
assessed

Yes 13 (34.2) 5(31.3) 8 (36.4)

No 25 (65.8) 11 (68.7) 14 (63.6)
Whether the independent variables were described 0.107
in methods

Yes 76 (87.4) 25 (96.2) 51 (83.6)

No 11 (12.6) 1(3.8) 10 (16.4)
Independent variables

Treatment 76(87.4) 25(96.2) 51(83.6) 0.107

Time 73(83.9) 24(92.3) 49(80.3) 0.164

Treatment*time 67(77.0) 24(92.3) 43(70.5) 0.027
Type of time variable 0.115

Categorical 44(60.3) 18(75.0) 26(53.1)

Continuous 18(24.6) 5(20.8) 13(26.5)

Unclear 11(15.1) 1(4.2) 10(20.4)

If continuous, whether a non-linear development 0.599
overtime was considered

Yes 9(50.0) 2(40.0) 7(53.8)
No 9(50.0) 3(60.0) 6(46.2)

Table 5. Factors associated with the use of statistically advanced methods.
Study characteristics Frequency OR (95% CI) P value
Journal type (higher impact vs. lower impact) 76.7% vs. 40.8% 3.24 (1.25, 8.43) 0.016
Involvement of methodologist (Yes vs. No) 68.9% vs. 39.6% 2.92 (1.45, 5.85) 0.003
Sample size (> 100 vs. <100) 60.2% vs. 31.7% 2.21(1.15, 4.22) 0.017
Type of funding (government vs. other) 53.1% vs. 44.2% 1.40 (0.75, 2.62) 0.290
Type of intervention (pharmaceutical vs. others) 52.0% vs. 45.1% 1.22 (0.65, 2.30) 0.538
Protocol reported 61.0% vs. 36.0% 1.29 (0.63, 2.64) 0.488

peated measures are often heterogeneous across trials and
use of statistical methods for analyzing these outcomes is
far from ideal. The first issue is that many trials continued
to use less desirable statistical methods, such as #-test, in
the presence of complex repeated measure data and statis-
tically advanced methods were less used. The second issue
is that the sophistication of advanced methods seemed to
have become an important obstacle for its wide use. Of-
ten the appropriate use of such method often requires deep
understanding of statistical theory and strong expertise, for
which methodologists are needed. Our findings also con-

firmed that involvement of a methodologist was associated
with better use of advanced statistical methods.

4.2. Implications for research

In planning and analyzing trials that included a con-
tinuous primary outcome with repeated measures, trial in-
vestigators should prespecify analytical strategies. Clearly,
use of statistically advanced methods would be more ap-
propriate for repeated measures, because they can appro-
priately account for data correlations, make full use of all
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available data, and are flexible in dealing with missing
data [4,6,21,26,27]. Furthermore, mixed-effect model for
repeated measures analysis is more popular than GEE, as it
could provide more information, such as estimation of the
variations between individuals. Trial investigators should
always bear in mind about the potential impact of base-
line values; adjusting for baseline value using statistical
method, regardless how continuous outcome is presented —
either as the raw data or transformed into the change from
baseline. The adjustment will prevent effect estimates from
being biased [23,28,29].

One additional issue implicated from our study findings
was that reporting of statistical details about continuous
primary outcomes were suboptimal. This is partly due to
the restriction of the space of academic journals. To ad-
dress this issue, inclusion of more statistical details (e.g.,
estimation method, methods for handling missing data,
model assumption and its rationale, the inclusion of vari-
ables, adjustment for baseline, sensitivity analysis) in the
method of an RCT and its proposal is recommended. Ad-
ditionally, CONSORT/SPIRIT (Standard Protocol Items)
(and its extended versions) also need to be further refined
by adding relevant items. The inclusion of such method-
ological details is critical for the transparent presentation
of methods for all the stakeholders.

Given the sophistication of the statistically advanced
methods for the continuous primary outcome, we strongly
encourage collaboration between clinicians and method-
ologists. In all cases, trial investigators should carefully
consider and report the information in the Box.

Box: Suggested approaches to handling con-
tinuous primary outcomes with repeated mea-
sures

* Prespecify the methods for analyzing repeated mea-
sure data, including the estimation method (e.g.,
maximum likelihood), methods for handling miss-
ing data, model assumptions, type of correlation
structure (e.g., unstructured, autoregressive), and
the rationale (e.g., use of Akaike Information Cri-
terion (AIC) and Bayesian Information Criterion
(BIC)) [30,31].

Prespecify all variables included in the statistical
model, including dependent variable and indepen-
dent variables [32]. The approaches for handling
time should also be clearly predefined (i.e., continu-
ous and modeled as a piecewise linear or a polyno-
mial versus categorical with separate dummy vari-
ables) [33,34]. The potential interaction between
time and treatment should also be examined.
Prespecify the methods for adjusting the baseline
value of repeatedly measured outcomes [35].

+ Conduct sensitivity analyses using alternative meth-
ods to ensure the robustness of results [36].

4.3. Strengths and limitations

To the best of our knowledge, this was the first study
that systematically investigated current practice for analyz-
ing repeatedly measured continuous outcomes in RCTs. In
this study, we included all studies from higher impact jour-
nals and a random sample of studies from lower impact
journals, which was a representative of all eligible stud-
ies. We used rigorous methods for searching, selecting,
and data collection from a representative sample. We pro-
vided practical recommendations to help trial investigators
appropriately using advanced methods.

Our study also has limitations. First, our study and in-
ference were based on a sample from trials published in
2019. Nevertheless, it is unlikely to incur bias in our find-
ings due to publication time. Second, we did not investi-
gate analysis of continuous secondary outcomes; therefore
our findings may not be applicable to secondary outcomes.
However, it is less possible that analyses of secondary out-
comes would be superior to those for primary outcomes.
Third, we restricted our survey to RCTs with parallel de-
sign, thus limiting the generalizability of findings to other
RCTs designs.

5. Conclusions

In summary, the current practices of handling continu-
ous primary outcomes with repeated measures vary sub-
stantially across trials and the use of statistical methods
for analyzing these outcomes is far from ideal. We have
identified a number of issues about analyzing continuous
primary outcomes with repeated measures and offered rec-
ommendations for improving the statistical practice about
analyzing these data. The trial research community should
pay more efforts to improve the planning and analysis of
continuous primary outcomes with repeated measures.
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