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Abstract
Introduction: This exploratory review aimed to provide empirical evidence on 
the definitions of labor, the statistical approaches and measures reported in ran-
domized controlled trials (RCTs) and observational studies measuring the dura-
tion of labor.
Methods: A systematic electronic literature search was conducted using differ-
ent databases. An extraction form was designed and used to extract relevant data. 
English, French, and German studies published between 1999 and 2019 have 
been included. Only RCTs and observational studies analyzing labor duration (or 
a phase of labor duration) as a primary outcome have been included.
Results: Ninety-two RCTs and 126 observational studies were eligible. No defini-
tion of the onset of labor was provided in 21.7% (n = 20) of the RCTs and 23.8% 
(n = 30) of the observational studies. Mean was the most frequently applied meas-
ure of labor duration in the RCTs (89.1%, n = 82), and median in the observational 
studies (54.8%, n = 69). Most RCTs (83%, n = 76) and observational studies (70.6%, 
n = 89) analyzed labor duration using a bivariate method, with the t-test being the 
most frequently applied (45.7% and 27%, respectively). Only 10.8% (n = 10) of the 
RCTs and 52.4% (n = 66) of the observational studies conducted a multivariable 
regression: 3 (30%; out of 10) RCTs and 37 (56%; out of 66) observational studies 
used a time-to-event adapted model.
Conclusion: This survey reports a lack of agreement with respect to how the 
onset of labor and phases of labor duration are presented. Concerning the sta-
tistical approaches, few studies used survival analysis, which is the appropriate 
statistical framework to analyze time-to-event data.
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1   |   INTRODUCTION

The appropriate assessment of labor duration may affect 
the care women and their babies receive. Determining 
normal labor duration makes it possible to analyze phys-
iologic outliers in length. However, the threshold chosen 
to diagnose abnormal labor duration should be carefully 
investigated since it may justify using interventions to ac-
celerate labor.1–3 In order to address the current increase in 
labor interventions, a deeper understanding of the dynam-
ics during labor progression is crucial.4–10 Nevertheless, 
the significant methodological heterogeneity and reporting 
variations may limit the meta-analysis of papers.11

Numerous challenges have been reported when re-
searching labor duration.1,4,11 The appropriate definition 
of the onset of early or active labor, selecting and applying 
appropriate statistical approaches, reporting the relevant 
measures, and considering the impact of interventions 
and events determine the accuracy of results.8,11–13 The 
current variation in approaches to labor duration is a bar-
rier to comparing studies and suggesting comprehensible 
guidelines for performing new studies.4,11,14,15

The most frequently reported challenges when ana-
lyzing labor duration are the lack of standard definitions 
to diagnose the onset of labor and its different stages and 
phases.4,9,11,12 The traditional division of labor has been 
used in the whole paper. Here, labor is distinguished into 
three stages, starting with the onset of labor and ending 
with the delivery of the placenta. The term “first stage of 
labour” refers to the period between labor onset and cervi-
cal dilatation of up to 10 cm.13–15 This stage is subdivided 
into two phases: the latent phase or early labor and the 
active phase, both mainly characterized by cervical ripen-
ing and dilatation.13 The second stage refers to the time 
between full dilatation of the cervix and birth.13

In addition to the complex and lack of standard defini-
tions in labor, considerable heterogeneity in statistical ap-
proaches has been reported.11,14 Prolonged birth processes 
result in a long right tail of the distribution, and thus, 
labor duration is inherently positively right-skewed.6,16,17 
Therefore, a median has been claimed as the appropri-
ate measurement of the central tendency for labor dura-
tion1,11,12,16; however, many studies report only the mean, 
which may lead to an overestimation of the investigated 
labor duration.11,14

With respect to statistical analysis, different approaches 
have been pursued to analyze labor duration. Even if the 
outcome is inherently time-related, some authors do not 
use survival analysis.12 Survival analysis encompasses 
a variety of statistical methods to handle time-to-event 
data correctly.18 For instance, the Kaplan–Meier survival 
curve is a popular visualization method to represent the 
cumulative probability of giving birth in a certain length 

of time.19,20 Several statistical tests and regression models 
of increasing complexity have been developed to analyze 
time-to-event data and to account for censored data that 
are unavoidable in clinical research.21–23

In addition, particular characteristics and interventions 
are associated with labor duration, including time-varying 
interventions, such as the artificial rupture of membranes 
or an epidural, but also women's characteristics, which 
are time-constant.11,24 Time-varying predictors should be 
analyzed with appropriate statistical methods, such as re-
gression models designed to deal with such time-to-event 
data.20,25 For instance, Gross et al.5 applied a Cox propor-
tional hazards regression model, which adjusted for time-
constant and time-varying confounders. Another example 
is Zhang et al.,16 who analyzed their interval-censored data 
using an interval-censored regression.

The Cox proportional hazards regression has been the 
most widely used model for time-to-event data for having 
been built upon simple assumptions, namely linear asso-
ciation between the response variable in the logarithmic 
scale and the predictors and constant hazard ratio over 
time (the basis of this model). However, defending these 
assumptions can be challenging, giving rise to several 
more flexible methods as a viable alternative.23 Interval-
censored data constitute a special case of time-to-event 
data where the exact value is not observed; therefore, the 
interval around this value is considered, leading to infor-
mation loss for not knowing the exact distribution of the 
variable within the intervals. Several approaches have 
been developed to handle interval-censored data, with 
interval-censored regression being such an approach.

Based on distribution assumptions of the survival 
time, different methods with different properties and 
interpretations can be used.26,27 These methods are dis-
tinguished into the non-parametric methods that make 
no distribution assumption about the hazard function; 
semi-parametric methods, such as the Cox proportional 
hazards model, that consider a functional link between 
the response and predictors, but non-parametric methods 
to estimate the hazard function; and parametric models 
that make a specific assumption about the distribution of 
the hazards over time.28 Examples of parametric survival 
models include exponential models that assume the haz-
ards to remain constant over time; Weibull and Gompertz 
models that assume the hazards to increase or decrease 
monotonically; and log-logistic, log normal, and stan-
dardized gamma models that represent hazards as being 
monotonically decreasing or initially increasing and then 
decreasing on a turning point.28 However, once there are 
multiple changes in the slope of the hazard function, 
the parametric models may not provide accurate results, 
and flexible models, such as fractional polynomials and 
splines, may be appropriate.20

 1523536x, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/birt.12833 by B

cu L
ausanne, W

iley O
nline L

ibrary on [19/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  775CELETTA et al.

Nevertheless, despite advances in statistical modeling 
of time-to-event data, linear or logistic regression models 
are still pursued when studying labor duration.12 The for-
mer may lead to negative predicted time, where time is 
the dependent variable. The latter requires determining 
a threshold and categorizing the subjects to those with a 
time up to this threshold and those with a time exceed-
ing the threshold and using this binary variable as the re-
sponse in a binary logistic regression model.

The design quality, statistical analysis, and reporting 
of a study evaluating normal labor duration may impli-
cate the decision-making for optimal midwifery care. 
Therefore, the present review aims to offer an exploratory 
empirical evaluation of the definition, measure, and sta-
tistical analysis of labor duration as reported in random-
ized controlled trials (RCTs) and observational studies.

2   |   MATERIALS AND METHODS

2.1  |  Eligibility criteria

The present study has been conducted following the 
guidelines for systematic reviews.29 We included articles 
reporting labor duration in minutes or hours as the pri-
mary outcome regardless of the phase or stage of labor. 
Randomized controlled trials, non-RCTs, longitudinal 
and cross-sectional cohort studies published during the 
last 20 years were considered. Only studies in English, 
German, or French were reviewed. We excluded studies 
initially considering labor duration as a binary categori-
cal variable, such as prolonged labor versus short labor. 
However, we included studies that measured labor dura-
tion as time-to-event data and then dichotomized it.

2.2  |  Search strategy and 
selection process

Keywords such as “labor” or “labour” and “duration” 
or “length*” or “progress*” were inserted into Medline, 
Embase and Cochrane Central, CINHAL EBSCO, and 
Google Scholar. A strategy was developed combining free 
terms and terms from the thesaurus adapted to the specific 
databases. The systematic search was conducted between 
November and December 2019 in collaboration with experts 
from the Medical Library of Lausanne University Hospital 
and the University of Lausanne. The detailed search strat-
egy is found in the Supporting Information (Appendix S1). 
Two reviewers (EC, VA) used the Covidence® software to 
double-screen in a standardized approach the titles and ab-
stracts of the studies retrieved from the literature search. 
Relevant studies were screened in full-text, and reasons for 

exclusion were documented. A third reviewer (MMG) was 
consulted in case of conflict

2.3  |  Data collection process

We devised extraction items documented to influence the 
quality of findings with respect to labor duration. These 
extraction items have been organized into four domains: 
(1) general study characteristics, such as publication year, 
sample size, study design, and sample characteristics; (2) 
definition of labor-related concepts; (3) descriptive sta-
tistics and statistical testing; and (4) multivariable analy-
sis. The extraction form can be found in the Supporting 
Information (Appendix S2). One reviewer (EC) extracted 
all necessary information, and the second reviewer (VA) 
randomly selected and checked 10% of the extracted stud-
ies for potential errors. Disagreements were resolved by 
discussion between the reviewers. In case of disconcord-
ance, the authors consulted a third reviewer. HG and 
MMG extracted the data from the German studies.

2.4  |  Pilot study

Initially, we performed a pilot study to test the extraction 
form and ensure completeness in the necessary extraction 
items. The search was tested in two databases (Embase 
and CINAHL) with a restricted publication date of 2 years 
(2017–2019). The selection process and data extraction 
form were piloted on 20 randomly selected eligible studies.

2.5  |  Data analysis

The extraction form consisted of 18 items. We used one 
table for each domain (four tables in total) to summarize 
the corresponding items for the whole sample and by study 
design (RCTs and observational studies). We used the me-
dian, interquartile range (IQR), and range to describe the 
continuous items and absolute and relative frequencies for 
the categorical items. The Statistical Package SPSS version 
26 (IBM) software was used for the analysis.

3   |   RESULTS

3.1  |  Results of the search strategy and 
description of the sample

The search strategy retrieved 10,154 studies. Of those 
studies, 4645 (46%) were excluded for being duplicates, 
and 4931 (49%) were deemed ineligible according to the 
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inclusion/exclusion criteria during title and abstract 
screening. Of the remaining 578 studies that underwent 
full-text assessment, 360 (62%) were excluded for not 
meeting our inclusion criteria. Overall, 218 studies were 
included in the present study (Figure  1). The list of in-
cluded studies is found in Appendix S3.

3.2  |  General study characteristics

Of 218 studies, we identified 92 RCTs (42.2%) and 126 ob-
servational studies (57.8%). The median sample size was 
239 (range: 27–146,904) in the whole sample: RCTs had 
a comparatively smaller sample than the observational 
studies (median: 161 with range: 40–960, and median: 651 
with range: 27–146,904, respectively). Most studies were 
conducted in hospitals (n = 90, 97.8% RCTs and n = 122, 
96.8% observational studies). Two observational studies 

reported birth center or home as birth settings. Most RCTs 
focused on nulliparous women (n = 62, 67.4%). By con-
trast, most observational studies (n = 81, 64.3%) included 
both multiparous and nulliparous (Table 1).

3.3  |  Definition of labor-related concepts

Both study designs investigated mostly the second stage 
(RCTs: n = 70, 76.1% and observational studies: n = 88, 69.8%) 
(Table 2). However, the first stage succeeded mostly in obser-
vational studies (n = 58, 46.0%), followed by the whole labor 
process (n = 36, 28.6%) and the active phase (n = 30, 23.8%). 
Contrariwise, RCTs focused mostly on the active phase 
(n = 49, 53.3%), followed by the first stage (n = 31, 33.7%), 
and the whole labor process (n = 30, 32.6%). The latent phase 
was underrepresented in both study designs (3.3% of RCTs 
and 6.3% of observational studies) (Table 2).

F I G U R E  1   Flow chart of the process selection. [Colour figure can be viewed at wileyonlinelibrary.com]
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Around one in five (n = 50, 22.9%) studies in the sample 
did not define the onset of labor (Table 2). Only 2.2% (n = 2) 
of the RCTs and 6.3% (n = 8) of the observational studies 
gave a definition based on a cited reference. Around one in 
10 (n = 20, 9.2%) studies in the sample used administrative 
criteria, such as women's admission to the hospital, to de-
termine the onset of labor, and the frequency was similar 
in both designs (RCTs: 9, 9.8% and observational studies: 
11, 8.7%). Most studies that defined labor duration or its 
onset omitted to provide a reference: 12% (n = 11) of the 
RCTs and 29.4% (n = 37) of the observational studies.

Concerning the 79 studies investigating the active 
phase of the first stage of labor, 12.2% (n = 6) of the 49 
RCTs and 13.3% (n = 4) of the 30 observational studies did 
not define the active phase (Table 2). Almost 80% (n = 39) 
of the 49 RCTs that studied the active phase gave a defi-
nition without references, as opposed to 8.2% (n = 4) that 
gave a definition with references. Among the 30 observa-
tional studies, 83.3% (n = 25) defined it without any refer-
ences, contrary to 3.3% (n = 1) that gave a definition based 
on references.

In studies observing the second stage of labor (n = 158), 
5.7% (n = 4) of the 70 RCTs defined this phase with refer-
ences and 41.4% (n = 29) without references, while 52.9% 
(n = 37) gave no definition. Of the 88 observational studies 
that investigated the second phase, 44.3% (n = 39) gave no 

definition, 46.6% (n = 41) gave a definition without refer-
ences, and 9.1% (n = 8) gave a definition with references.

3.4  |  Descriptive statistics and 
statistical testing

The mean was the preferred measure to describe labor 
duration in RCTs (n = 82, 89.1%), followed by the stand-
ard deviation (n = 73, 79.3%) and median (n = 20, 21.7%) 
(Table  3). Contrarily, median was the preferred meas-
ure to describe labor duration in observational studies 
(n = 69, 54.8%), followed by the mean (n = 64, 50.8%) and 
the standard deviation (n = 56, 44.4%). Other less popu-
lar reported measures that described the labor duration 
distribution included the interquartile range, range (i.e., 
minimum and maximum), percentile, and 95% confidence 
interval. The range and interquartile range were preferred 
in RCTs (12.0% and 8.7%, respectively), followed by the 
95% confidence interval and 95th percentile (4.3% and 
1.1%, respectively). On the contrary, the 95th percentile 
and range (24.6% and 23.0%, respectively) were reported 
mostly in observational studies, followed by the interquar-
tile range and 95% confidence interval (10.3% and 4.8%, 
respectively). Five (2.3%) studies in the sample did not 
provide any measure of labor duration.

T A B L E  1   Summary of study general characteristics.

Characteristics
Randomized controlled 
studies (n = 92) Observational studies (n = 126) Whole sample (n = 218)

Year of publication

Median (IQR; min–max) 2012 (2008–2016; 1999–2019) 2012 (2006–2016; 1999–2019) 2012 (2007–2016; 
1999–2019)

Sample size

Median (IQR; min–max) 161 (107–209; 40–960) 651 (200–3370; 27–146,904) 239 (132–1093; 
27–146,904)

Period of the data record

Median (IQR; min–max) 2010 (2007–2015; 1996–2017) 2008 (2004–2013; 1965–2018) 2008 (2005–2014; 
1965–2018)

Missing cases, n (%) 19 (20.7) 16 (12.7) 35 (16.1)

Setting of birth n (%)

Birth center/home birth 0 (0) 2 (1.6) 2 (0.9)

Hospital 90 (97.8) 122 (96.8) 212 (97.2)

Not specified 2 (2.2) 2 (1.6) 4 (1.8)

Parity of the sample n (%)

Nulliparous 62 (67.4) 40 (31.7) 102 (46.8)

Multiparous 1 (1.1) 4 (3.2) 5 (2.3)

Primi- and multiparous 27 (29.3) 81 (64.3) 108 (49.5)

Parity not specified 2 (2.2) 1 (0.8) 3 (1.4)

Note: n and % refer to absolute and relative frequencies, respectively.
Abbreviation: IQR, interquartile range.
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Interestingly, only nine (9.8% out of 92) RCTs and 10 
(7.9% out of 126) observational studies reported both the 
mean and median to describe labor duration. Of the 215 
studies reporting the mean and/or median, 4.3% (n = 4) 
of the 92 RCTs and 26% (n = 32) of the 123 observational 
studies provided a justification for the decision to report 
these measures of central tendency (Table 3).

The Kaplan–Meier estimator was reported in 10.9% 
(n = 10) of the RCTs and 19% (n = 24) of the observational 
studies (Table  3). In this sub-sample of studies (n = 34), 
50% (n = 17) of the studies had censoring for the cesarean, 
followed by 38.2% (n = 13) for instrumental deliveries and 
11.8 (n = 4) for death in childbirth.

Most studies (n = 155, 71.1%) conducted a bivariate 
analysis (Table 3). In both study designs, the t-test was the 
most frequently pursued bivariate method (45.7% of RCTs 
and 27% of the observational studies), followed by the 
Mann–Whitney-Wilcoxon test (18.5% of RCTs and 19.8% 
of observational studies), the one-way ANOVA (9.8% of 
RCTs and 7.1% of observational studies) and the log-rank 

test (4.3% of RCTs and 6.3% of observational studies). 
Overall, 17.4% (n = 16) of the RCTs and 19.8% (n = 25) of 
the observational studies did not specify which bivariate 
method was used to compare groups (Table 3). Only 23.9% 
(n = 22) of the RCTs justified the choice of the selected bi-
variate analysis compared with 44.4% (n = 56) of the ob-
servational studies.

3.5  |  Multivariable analysis

More than half of the observational studies applied a 
multivariable model (n = 66, 52.4%) as opposed to RCTs 
(n = 10, 10.9%) (Table 4). Of the 66 observational stud-
ies that used a regression model, around one in three 
applied interval-censored regression (n = 22, 33.3%), 
followed by linear regression (n = 18, 27.3%), Cox pro-
portional hazards regression (n = 15, 22.7%), and binary 
logistic regression (n = 11, 16.7%). Of the 10 RCTs that 
used a regression model, seven applied linear regression, 

T A B L E  2   Summary of the definition of labor-related concepts.

Characteristics
Randomized controlled 
studies (n = 92) Observational studies (n = 126) Whole sample (n = 218)

Phase/stage analyzed n (%)a

Whole process of labor 30 (32.6) 36 (28.6) 66 (30.3)

Latent phase 3 (3.3) 8 (6.3) 11 (5.0)

First stage 31 (33.7) 58 (46.0) 89 (40.8)

Active phase 49 (53.3) 30 (23.8) 79 (36.2)

Second stage 70 (76.1) 88 (69.8) 158 (72.5)

Onset of labor n (%)

Defined with references 2 (2.2) 8 (6.3) 10 (4.6)

Defined without references 11 (12) 37 (29.4) 48 (22)

Defined with administrative 
criteria

9 (9.8) 11 (8.7) 20 (9.2)

Not defined 20 (21.7) 30 (23.8) 50 (22.9)

Not investigated 50 (54.3) 40 (31.8) 90 (41.3)

Active phase n (%)

Defined with references 4 (4.3) 1 (0.8) 5 (2.3)

Defined without references 39 (42.4) 25 (19.8) 64 (29.4)

Not defined 6 (6.5) 4 (3.2) 10 (4.6)

Phase not investigated 43 (46.8) 96 (76.2) 139 (63.7)

Second phase n (%)

Defined with references 4 (4.3) 8 (6.3) 12 (5.5)

Defined without references 29 (31.5) 41 (32.5) 70 (32.1)

Not defined 37 (40.2) 39 (31) 76 (34.9)

Phase not investigated 22 (24) 38 (30.2) 60 (27.5)

Note: n and % refer to absolute and relative frequencies, respectively.
aSome studies investigated more than one phase or stage. To obtain the percentages, each “Phase/stage analyzed” was divided by the size of the study design 
and the whole sample (i.e., 92, 126, and 218).
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and three Cox proportional hazards regression. None of 
the RCTs pursued binary logistic regression or interval-
censored regression. Looking at the 76 (34.9%) studies 
that applied a multivariable regression model, all 10 
RCTs and almost all observational studies (n = 62, 94%) 
stratified by parity by including this covariable in the 
corresponding model.

4   |   DISCUSSION

Like other systematic reviews, such as Hanley et al.13 and 
Abalos et al.,11 our study highlighted a lack of agreement 
overall with respect to how labor and its phases are 
defined. When such a definition was provided, most 
studies omitted to acknowledge the relevant source, 
contributing furthermore to the ongoing heterogeneity in 
defining labor and the phases thereof.

The present study found the median and mean labor 
duration to be the most preferred measures in the obser-
vational studies (54.8% and 50.8%, respectively). Abalos 
et al.11 found that less than 20% of the observational stud-
ies reported the median, and more than 80% reported 
the mean. This disconcordance between our results and 
those of Abalos et al.11 could be explained by the fact that 
we included more recently published studies (1999–2019) 
than Abalos et al.,11 who included studies published from 
1960 to 2018, with 63% of their studies being published 
before 2000.11 This changing trend concerning the report-
ing of mean and median labor duration may be attributed 
to some articles on the topic, such as Vahratian et  al.12 
The authors recommended the median as the appropriate 
statistic to describe time-to-event data with an inherent 
right-tail skewness, such as the labor duration.1,11,12,16 
Nevertheless, central tendency measures do not convey 
any information about the spread of the data. Therefore, 
reporting the central tendency (ideally, mean and me-
dian labor duration) with a dispersion measure (e.g., 95% 
percentiles) would also allow for determining physio-
logical outliers in length.30 Recent studies, such as that 
from Tilden et  al.31 or Lundborg et  al.,32 reported both 
mean and median alongside the dispersion measure. A 
thorough analysis of the right tail of the labor duration 
distribution is key to distinguishing between “slow but 
normal progress” and prolonged labor associated with 
poor maternal/fetal/neonatal outcomes. Tilden et  al.6 
highlighted that physiological birth may still be possible 
beyond the 95th percentile. In their sample, the extreme 
right-skewed distribution persisted even in completely 
transfer-free and complication-free labors.

In our sample, all the studies reporting to have con-
ducted a survival analysis method were published after 
2000. Abraira et  al.33 performed a systematic survey on 

T A B L E  3   Summary of descriptive statistics and statistical 
testing.

Characteristics
RCTs 
(n = 92) OS (n = 126)

Whole 
sample 
(n = 218)

Measured specified n (%)a

Mean 82 (89.1) 64 (50.8) 146 (67.0)

Median 20 (21.7) 69 (54.8) 89 (40.8)

Interquartile range 8 (8.7) 13 (10.3) 21 (9.6)

Range (minimum, 
maximum)

11 (12.0) 29 (23.0) 40 (18.3)

Standard deviation 73 (79.3) 56 (44.4) 129 (59.2)

95th percentile 1 (1.1) 31 (24.6) 32 (14.7)

95% confidence 
interval

4 (4.3) 6 (4.8) 10 (4.6)

Measure not specified 1 (1.1) 4 (3.2) 5 (2.3)

Choice of the mean and/or median explained n (%)

Yes 4 (4.3) 32 (25.4) 36 (16.5)

No 88 (95.7) 94 (74.6) 182 (83.5)

Kaplan–Meier curve or estimator n (%)

Yes 10 (10.9) 24 (19) 34 (15.6)

No 82 (89.1) 102 (81) 184 (84.4)

Which women have been right-censored n (%)

Those with cesarean 
birth

5 (5.4) 12 (9.5) 17 (7.8)

Those with operative 
delivery

3 (3.3) 10 (7.9) 13 (6.0)

Not applicableb 84 (91.3) 104 (82.6) 188 (86.2)

Bivariate analyses n (%)

t-test 42 (45.7) 34 (27) 66 (30.3)

One-way ANOVA 9 (9.8) 9 (7.1) 18 (8.3)

Mann–Whitney–
Wilcoxon test

17 (18.5) 25 (19.8) 42 (19.2)

Kruskal–Wallis test 3 (3.3) 5 (4.0) 8 (3.7)

Log-rank test 4 (4.3) 8 (6.3) 12 (5.5)

Chi-squared test 1 (1.1) 3 (2.4) 4 (1.8)

Spearman's rank 
correlation

0 (0.0) 5 (4.0) 5 (2.3)

Not specifiedc 16 (17.4) 37 (29.4) 63 (28.8)

Choice of bivariate analysis justified n (%)

Yes 22 (23.9) 56 (44.4) 78 (35.8)

No 54 (58.7) 45 (35.8) 99 (45.4)

Not applicable 16 (17.4) 25 (19.8) 41 (18.8)

Note: n and % refer to absolute and relative frequencies, respectively.
Abbreviations: OS, observational studies; RCT, randomized controlled 
studies.
a Some studies reported more than one measure. To obtain the percentages, 
each “Measured specified” was divided by the size of the study design and 
the whole sample (i.e., 92, 126, and 218).
b Studies that did not use Kaplan–Meier.
c Twelve observational studies did not conduct group comparisons.
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the reporting quality of survival analysis based on 13 high-
impact medical journals. They found a changing trend in the 
analysis methods of the studies published in 1991 and 2007, 
with survival analysis techniques doubling from 17% in 1991 
to 33.5% in 2007.33 Survival analysis in medical research 
may have increased in the last 30 years.33 However, our 
study revealed that survival analysis methods, such as the 
Kaplan–Meier estimator, log-rank test, Cox regression, and 
interval-censored regression, applied to investigate labor du-
ration were underrepresented overall. Abraira et al.33 found 
a higher proportion of multivariable analysis, with 46.2% of 
articles published in 1991 and 78.3% of studies published in 
2007 conducting a regression analysis with almost all the 
studies using the Cox proportional hazard model. However, 
the authors considered only articles in internal medicine, 
cardiology, nephrology, and oncology; hence, their results 
may not generalize to other medical specialties.

Our study revealed that all RCTs and 94% of the ob-
servational studies with a multivariable model for labor 
duration controlled for parity. Controlling for confound-
ers through a multivariable model is crucial in observa-
tional studies for lacking a randomization procedure. 
Nonetheless, selecting the appropriate statistical model is 
not a straightforward task and requires the involvement of 
a biostatistician in the development of the study protocol, 
the conduct, analysis, and reporting of the study.34 The 
impact of statistical approaches on labor duration studies 
has currently gained interest.35–37 He et  al.38 provided a 
comprehensive survey of statistical models recently used 
to study labor progress and highlighted the strengths and 
limitations of the different methods.

The limitations of the present study should be empha-
sized. The high number of studies conducted on labor 
duration during the last 20 years led us to exclude studies 
with labor duration as a secondary outcome. We did not 
evaluate the reporting quality of the studies using a suit-
able reporting guideline, such as the CONSORT statement 

for RCTs39 and the STROBE statement for observational 
studies.40 We also did not assess the internal validity of 
the studies, for instance, using the Cochrane risk of bias 
tool for the RCTs41 and the Newcastle–Ottawa Scale for 
observational studies.42 Therefore, the reporting and anal-
ysis quality of the studies may be confounded by their 
reporting transparency and internal validity since poorly 
designed and conducted studies are more likely to provide 
suboptimal reporting and analysis, implicating the qual-
ity of conclusions delivered to the end-users. We opted for 
an exploratory empirical evaluation review to assess the 
reporting and statistical analysis quality of the studies on 
labor duration published between 1999 and 2019. Then, 
our list with devised extraction items can be used or ex-
tended to more recent studies on labor duration to shed 
light on the current reporting and analysis practices.

The present study aimed to draw a picture of what has 
been done in our collection of studies on labor duration 
rather than recommend specific statistical strategies for 
midwifery research. Furthermore, research on integrating 
statistical cut-points with clinical outcomes to reach a prac-
tical definition of labor abnormalities should be initiated.38 
Since suboptimal reporting has been considered an im-
portant issue in the research of labor duration, a checklist 
or guidance on best reporting practices is necessary. Park 
et al.43 published a list of mistakes that should be avoided 
for accurate and transparent reporting of survival analysis. 
Abraira et al.33 also proposed a minimal set of requirements 
to enhance the reporting quality of survival analyses.

4.1  |  Conclusions

There is an ongoing lack of agreement about the defini-
tion and diagnosis of the onset of labor and its phases. 
Few studies have used a survival analysis method suit-
able for time-to-event data. The active involvement of 

Characteristics
RCTs 
(n = 92)

Observational 
studies (n = 126)

Whole sample 
(n = 218)

Regression model used n (%)

Linear regression 7 (7.6) 18 (14.3) 25 (11.5)

Cox regression 3 (3.3) 15 (11.9) 18 (8.3)

Binary logistic regression 0 (0.0) 11 (8.7) 11 (5.0)

Interval-censored regression 0 (0.0) 22 (17.5) 22 (10.1)

Not specified 82 (89.1) 60 (47.6) 142 (65.1)

Parity stratification n (%)

Yes 10 (10.9) 62 (49.2) 72 (33.0)

No 0 (0.0) 4 (3.2) 4 (1.9)

Not applicable 82 (89.1) 60 (47.6) 142 (65.1)

Note: n and % refer to absolute and relative frequencies, respectively.

T A B L E  4   Summary of multivariable 
modeling.
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a biostatistician in all study stages is pivotal for quality 
research in labor duration. A checklist adapted to labor 
duration studies could be valuable to guide researchers in 
ensuring optimal reporting of their study reports.
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