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Summary
Background Friedman’s curve, despite acknowledged limitations, has greatly influenced labour management. Inter-
ventions to hasten birth are now ubiquitous, challenging the contemporary study of normal labour. Our primary
purpose was to characterise normal active labour and pushing durations in a large, contemporary sample experienc-
ing minimal intervention, stratified by parity, age, and body mass index (BMI).

Methods This is a secondary analysis of the national, validated Midwives Alliance of North America 4¢0 (MANA
Stats) data registry (n = 75,243), prospectively collected between Jan 1, 2012 and Dec 31, 2018 to describe labour and
birth in home and birth center settings where common obstetric interventions [i.e., oxytocin, planned cesarean] are
not available. The MANA Stats cohort includes pregnant people who intended birth in these settings and prospec-
tively collects labour and birth processes and outcomes regardless of where birth or postpartum care ultimately
occurs. Survival curves were calculated to estimate labour duration percentiles (e.g. 10th, 50th, 90th, and others of
interest), by parity and sub-stratified by age and BMI.

Findings Compared to multiparous women (n = 32,882), nulliparous women (n = 15,331) had significantly longer
active labour [e.g., median 7.5 vs. 3.3 h; 95th percentile 34.8 vs. 12.0 h] and significantly longer pushing phase [e.g.,
median 1.1 vs. 0.2 h; 95th percentile 5.5 vs. 1.1 h]. Among nulliparous women, maternal age >35 was associated with
longer active first stage of labour and longer pushing phase, and BMI >30 kg/m2 was associated with a longer active
first stage of labour but a shorter pushing phase. Patterns among multiparous women were different, with those
>35 years of age experiencing a slightly more rapid active labour and no difference in pushing duration, and those
with BMI >30 kg/m2 experiencing a slightly longer active labour but, similarly, no difference in pushing duration.

Interpretation Nulliparous women had significantly longer active first stage and pushing phase durations than mul-
tiparous women, with further variation noted by age and by BMI. Contemporary US women with low-risk pregnan-
cies who intended birth in settings absent common obstetric interventions and in spontaneous labour with a live,
vertex, term, singleton, non-anomalous fetus experienced labour durations that were often longer than prior charac-
terizations, particularly among nulliparous women. Results overcome prior and current sampling limitations to
refine understanding of normal labour durations and time thresholds signaling ‘labour dystocia’.
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Research in context

Evidence before this study

Clinical science in the 1950s aimed to characterise nor-
mal labour length and proposed thresholds dividing
normal vs. prolonged duration. This information was
used to create partograms for identifying normal vs.
prolonged labours and widely disseminated into clinical
care. This science and translation of this science, despite
acknowledged limitations, has greatly influenced labour
management, including cesarean birth for ‘prolonged
labour’. Further, interventions to hasten birth are now
ubiquitous, challenging the contemporary study of nor-
mal labour. We searched PubMed for articles published
between January 1, 1950 and January 15, 2022 with the
MeSH term set [Female; Gravidity; Humans; Labour,
Labor; Maternal; Obstetric; Dystocia; Pregnancy]. We
looked for observational or experimental studies assess-
ing duration of time in the active phase or second stage
of labour. None of the publications included a large,
contemporary sample of women birthing in high-
resource countries and intending delivery in settings
absent routine intrapartum interventions.

Added value of this study

Findings suggest that normal nulliparous labour dura-
tion may have been greatly underestimated in prior
research. Our results offer novel information regarding
the normal duration of the active first stage of labour
and during pushing in the second stage of labour. These
results are novel because the majority of people in this
cohort did not receive pharmacological or surgical inter-
ventions intended to hasten labour progress and/or
birth. By providing counterfactual (to modern practice)
estimates for normal labour duration, this information
may help to overcome decades of uncertainty about
how to define normal labour progress.

Implications of all evidence available

When pharmacological or surgical interventions
intended to hasten labour progress and/or birth are
rarely used, the duration of active first stage of labour
and pushing in the second stage of labour may be lon-
ger than previously estimated. Future researchers might
use our study findings to examine the hypothesized
relationship between labour durations at and beyond
the 95th percentile and risk for poor maternal/foetal/
neonatal outcomes. Such research should lead to a
decrease in unnecessary use of intervention, and iatro-
genic sequelae, during childbearing.
Introduction
There is longstanding belief that labour duration is
important for differentiating normal from abnormal
labour patterns and that detecting ‘prolonged labour’ is
critical for determining when intervention is warranted.
Clinical science in the 1950s aimed to characterise nor-
mal labour length and proposed thresholds dividing
normal vs. prolonged duration. There are four key con-
cerns with this prior body of work.1,2 Cohorts used for
this research: (1) were small (n < 500); (2) experienced
high rates of intervention to hasten birth [e.g., 55%ile of
nulliparous women delivered via forceps]; and (3)
included high-risk fetuses and neonates, some of whom
were deceased prior to labour onset. Furthermore, sys-
tematic reviews have failed to show consistent associa-
tion between traditional definitions of prolonged labour
and poor maternal/child outcomes.3 Despite these con-
cerns, characterisation of normal vs. abnormal labour
duration from the 1950s has: (1) widely shaped parto-
graphs that directly impact labour care and rates of
intervention for millions of birthing people
worldwide4,5; and (2) contributed to a labour care cul-
ture normalising intervention to the extent that it is dif-
ficult to identify a sufficiently large cohort of people
birthing without intervention in order to perform less
biased labour progress research.

Recognising these concerns and the profound
impact that these definitions of normal vs. abnormal
labour duration have had on intrapartum care, research
teams have worked to define contemporary estimates of
normal vs. abnormal labour durations.6,7 One critical
barrier to this work is that large, contemporary popula-
tions of labouring people frequently receive interven-
tions to hasten birth [e.g. synthetic oxytocin, artificial
rupture of membranes]. In large part because the early
clinical science proposing to characterise normal vs.
abnormal labour duration was so widely adopted into
contemporary labour care practice from the 1950s on, it
is now difficult to find adequately powered samples
with minimal intervention that could be used to refine
characterisation of normal vs. abnormal labour dura-
tion. Some researchers have overcome these sampling
limitations through use of data from populations where
there may be barriers to accessing obstetric interven-
tions.8 Findings from these studies can be challenging
to apply to populations birthing in higher-resource
countries, such as in the UK or the USA, where inter-
ventions are commonly used. The state of labour prog-
ress science has real world consequences: labour
dystocia (‘prolonged labour’) is the most common indi-
cation for primary caesarean in the US,4 and the preva-
lence of primary caesarean rates among spontaneously
www.thelancet.com Vol 48 Month June, 2022
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labouring women with term, vertex fetuses is beyond
WHO recommendations in many high-resource
countries.9,10

The purpose of this paper is to characterise, by par-
ity, the duration of the active first stage of labour and
the pushing phase of labour using contemporary data
that contains observations from a large number of
undisturbed labours and births. There is evidence that
women at and beyond 35 years of age (vs. younger)11 and
with body mass index (BMI) at and beyond 30 kg/m2

(vs. lower)12 may have longer labours. Thus, a secondary
aim was to compare labour durations for older vs. youn-
ger women (< 35 years) and by BMI less than vs. at or
over 30 kg/m2.
Methods

Study design and participants
This was a cohort study using the Midwives Alliance of
North America 4¢0 data (MANA Stats), n = 75,243.
These data were prospectively collected by maternity
care providers in all 50 US states between Jan 1, 2012
and Dec 31, 2018. Individuals in this cohort intended to
labour and birth in settings where common obstetric
interventions [e.g., synthetic oxytocin, caesarean] are
not available.13,14 Importantly, these data also include
outcomes among those who transferred to the hospital
during labour or in the immediate postpartum period.
This offers the opportunity to characterise labour prog-
ress in settings absent common obstetric interventions
without excluding those who transitioned to an inter-
vention-rich setting, who would disproportionately be
the more medically complex patients.

After receiving informed consent from cohort partic-
ipants, maternity care providers used the MANA 4¢0
web-based data collection system to enter demographic
and health characteristics of pregnant people they cared
for during pregnancy, labour, and after birth up until 6
weeks postpartum. Few who were eligible declined par-
ticipation, with approximately 97%ile agreeing to inclu-
sion [approximately 3%ile either declined to participate
or transferred to a different prenatal care provider
before consenting].13 Multiple supports bolstered
providers’ correct data entry, including: (a) training in
MANA Stats web-based data collection; (b) clear written
instructions for logging and data collection procedures;
(c) lists of variable definitions; and (d) access to ‘data
doulas’ trained to help address questions about data
entry uncertainties.13
Procedures
Data collection systems flagged data that were missing
or outside of the expected ranges. These flags required
providers entering data to reconcile (or explain) poten-
tial errors before submitting. Individual record data
www.thelancet.com Vol 48 Month June, 2022
review by trained researchers helped ensure data consis-
tency and accuracy. All records were reviewed if: (a) any
values in the record were flagged as possibly out of
range (in which case the data reviewer read the mid-
wife’s explanation and either agreed the value was rea-
sonable, or contacted the midwife for further details,
after which the record was possibly corrected), (b) trans-
fer into the hospital setting; or (c) any report of miscar-
riage, stillbirth, or maternal or newborn death. For
transfers and deaths, again, the data reviewer read
through all available data and notes, contacted the mid-
wives for further information if necessary, and corrected
any mistakes in data entry (e.g., the miscarriage cutoff is
20 weeks in MANA stats, but some midwives would call
22 weeks a miscarriage because that is the rule for vital
statistics in their state; data reviewers would correct this
to “fetal loss, IUFD”). All data are encrypted and stored
on a secure server. Data validation demonstrated a high
degree of agreement between original data entry and
data checks. Further details about MANA Stats data con-
senting, development, and validation is available.13,14

This secondary analysis using deidentified data was
determined to be not human subjects research by the Ore-
gon Health & Science University Research Integrity Office.

Upon receiving IRB approval from Oregon Health &
Science University, we received and stored the de-identi-
fied MANA 4¢0 data set. We selected our inclusion and
exclusion criteria to define an explicitly low-risk popula-
tion, as the majority of labours in the MANA cohort are
low-risk. To further probe the possibility that the distri-
bution of labour durations may be driven by risk factors
not identified before the start of labour, for sensitivity
analyses we also defined subcohorts excluding labours
associated with transfer to hospital care or unforeseen
poor outcomes. We included labours for singleton preg-
nancies that were not induced and ended within the
term pregnancy period (37 0/7 to 41 6/7 weeks or 259
to 293 days gestation, inclusive); 58,885 of the labours
recorded in MANA Stats met these criteria. We then
excluded 8224 observations complicated by pre-preg-
nancy maternal diabetes, hypertension, genital herpes,
oligo- or polyhydramnios, placenta previa, placental
abruption, intrauterine growth restriction, congenital
foetal anomaly, a history of uterine surgery, preterm
premature rupture of the membranes, or nonvertex pre-
sentation. 1888 records were excluded due to missing
key variables required for analysis (i.e., complete case
analysis). The final cohort included 48,773 spontaneous,
term maternal/child labour and birth observations
among those with singleton, vertex, low-risk pregnan-
cies for analysis.
Outcomes
Maternal characteristics included self-identified race or
ethnicity [Asian/Oceanian, Black, Latina, Multiracial,
Other, and White], age, height, BMI, pregnancy weight
3
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gain, group beta streptococcus colonisation in the third
trimester, gestational age at delivery, maternal educa-
tion level [less than high school diploma, high school
diploma, more than high school diploma], marital or
partnered status, and eligibility for Medicaid (health
insurance for low-income Americans). Planned birth
place, as well as actual birth place [home, birth center,
hospital, other], neonatal birth weight [small for gesta-
tional age (<10th%ile), normal gestational age (10th
−90th%ile), and large for gestational age (>90th%ile)]
were also included. Mode of delivery [spontaneous vagi-
nal, vacuum or forceps, caesarean] were included for
competing risks analyses (see below).

We defined active-phase duration and pushing phase
duration using three time variables in the data. Date
and time of onset of the active phase of labour was
determined by the attending provider. The MANA Stats
system provides a suggested definition for active labor
onset, but we recognize there will be variability in prac-
tice. These slight inconsistencies will reduce the preci-
sion of our estimates; however, at the same time, they
allow for easier translation of our research to numerous
other, diverse practice settings. This registry captures
duration of pushing during second stage but not onset
of full cervical dilation; therefore, pushing phase was
described. The time and date that continuous pushing
during second stage began marked the termination of
active labour and the onset of the pushing phase of
labour. The time and date of birth marked termination
of the second stage of labour.
Statistical analysis
Observed labour times were used to estimate the sam-
ple-wide distribution of labour durations. We calculated
an empirical survival curve of time (in hours) for two
events: (a) the end of the active phase of labour; and (b)
the end of the pushing phase of labour. The survival
curves were modeled semi-parametrically using natural
cubic splines with 8 degrees of freedom for time to
allow flexible fitting to the empirical curve shape. Cae-
sarean and assisted vaginal deliveries were treated as
competing risks (< 2%ile of included labours). Compet-
ing risk propensity weights were calculated separately
within strata defined by indicators for any intrapartum
complications or intrapartum transfer to the hospital.
The survival curve model was used to estimate labour
time percentiles (5th, 10th, 50th, 75th, 85th, 90th, and
95th) and their standard errors for each phase, by parity.
We used the same survival curve model approach for
sub-analyses of each parity group to explore potential
differences in outcomes by maternal age and BMI; due
to small counts at the extreme labour time durations in
these sub-analyses, we focused on estimating labour
time percentiles at the median, 75th%ile, and 90th%ile,
but also calculated estimates of the 10th and 25th%iles
for these subcohorts.
The small fraction (4%ile) of women missing labour
durations for either the first stage only or the pushing
phase only were treated as right-censored observations,
with censoring at 1 min into the labour. These missing
observations included a small number of labour dura-
tions originally recorded as: (a) negative values, (b)
active labour times in excess of five days, or (c) pushing
phase labour times in excess of 16 h. Observations with
these characteristics were viewed as incorrect then
replaced with missing values (and thus ultimately
treated as right-censored observations). A small number
(142 [0¢3%ile]) of observations had an unexpected spike
in the distribution of pushing phase times at just past
12 h. These observations were clustered near the Cana-
dian border where midwives report caring for women in
both Canada, where military-time is common, and the
US, where military-time is less common. These records
were adjusted to correct the likely time miscoding.

Finally, we conducted sensitivity analyses to see
whether the extreme right skew of the empirical labour
durations would be lessened in a cohort that did not
transfer to the hospital setting. Sensitivity analyses
involved first excluding all caesarean or assisted births
(which occur only following intrapartum transfer from
the community setting to a hospital) and then addition-
ally excluding any birth associated with a significant
maternal, foetal, or neonatal morbidity. We found that
the extreme right skew persisted even in completely
transfer-free and complication-free labours, supporting
the robustness of our labour duration estimates.
Role of the funding source
Neither funding source was involved with any aspect of
data collection, analysis, interpretation, trial design,
recruitment, manuscript writing, decision to submit for
publication, or any other aspect of conducting this
research. All authors had full access to all the data in
the study and accept responsibility for the decision to
submit for publication.
Results

Sample
In this sample, multiparas were about twice as common
as nulliparas [nulliparous: 15,522; multiparous: 33,251]
(Table 1). 83¢4%ile of the nulliparous sample and
87¢4%ile of the multiparous sample identified as White.
Almost all people in this sample were either married or
partnered [91¢7%ile of nulliparous; 96¢4%ile of multipa-
rous]. 81¢1%ile of nulliparous women and 77¢5%ile of
multiparous women in this sample had completed at
least some college training. And about one-quarter [nul-
liparous: 23¢4%ile; multiparous: 22¢7%ile] of this cohort
were eligible for Medicaid.
www.thelancet.com Vol 48 Month June, 2022



NULLIPAROUS MULTIPAROUS

Total, n 15,522 33,251

Race, n (%ile)

White 12,949 (83¢42) 29,055 (87¢38)
Black 322 (2¢07) 533 (1¢60)
Latina 1084 (6¢98) 1886 (5¢67)
Asian/Oceanian 505 (3¢25) 728 (2¢19)
Multiracial 524 (3¢38) 831 (2¢50)

Other 76 (0¢49) 133 (0¢40)
White 12,949 (83¢42) 29,055 (87¢38)
Unreported 62 (0¢40) 85 (0¢26)
Married or partnered, n (%ile) 14,230 (91¢68) 32,055 (96¢40)
Education level, n (%ile)

Less than HS diploma 705 (4¢54) 2376 (7¢15)
HS diploma 2025 (13¢05) 4819 (14¢49)
More than HS diploma 12,589 (81¢10) 25,764 (77¢48)

Unreported 203 (1¢31) 292 (0¢88)
Medicaid eligible, n (%ile) 3631 (23¢39) 7549 (22¢70)
Maternal age, mean § SD (years) 28¢7§ 5¢0 31¢3§ 4¢7
Maternal age ≥ 35 years, n (%ile) 1958 (12¢61) 8550 (25¢71)
Maternal height, mean § SD (m) 1¢7 § 0¢1 1¢7 § 0¢1
Maternal Body Mass Index (BMI), mean § SD (kg/m^2) 23¢3§ 4¢3 24¢1§ 4¢9
Underweight (BMI < 18¢5 kg/m2), n (%ile) 783 (5¢04) 1406 (4¢23)
Normal weight (BMI in [18¢5,25 kg/m2)), n (%ile) 10,132 (65¢28) 19,954 (60¢01)
Overweight (BMI in [25,30 kg/m2)), n (%ile) 2543 (16¢38) 6318 (19¢00)
Obese (BMI ≥ 30 kg/m2), n (%ile) 1049 (6¢76) 3585 (10¢78)
Unreported, n (%ile) 1015 (6¢54) 1988 (5¢98)
Pregnancy weight gain, mean § SD (kg) 15¢3§ 5¢3 14¢3§ 5¢1
Group B Streptococcal (GBS) vaginal colonization, n (%ile) 1598 (10¢30) 3345 (10¢06)
Gestational age (GA) at delivery, mean § SD (days) 280¢5 § 6¢8 280¢2 § 6¢6
Early term (37 - 38 6/7 weeks), n (%ile) 2028 (13¢07) 4258 (12¢81)
Term (39 - 40 6/7 weeks), n (%ile) 10,340 (66¢62) 23,225 (69¢85)
Late term (41 - 41 6/7 weeks), n (%ile) 3154 (20¢32) 5768 (17¢35)
Delivery setting, n (%ile)

Home 8377 (53¢97) 24,319 (73¢14)
Birth center 5038 (32¢46) 8278 (24¢90)
Hospital 2056 (13¢25) 520 (1¢56)
Other 51 (0¢33) 134 (0¢40)

Birthweight, mean § SD (g) 3479¢3 § 426¢5 3651¢3 § 451¢6
Small for GA (< 10th%ile), n (%ile) 1746 (11¢25) 1838 (5¢53)
Normal for GA (in [10th, 90th]%iles), n (%ile) 12,277 (79¢09) 25,187 (75¢75)
Large for GA (> 90th%ile), n (%ile) 1380 (8¢89) 6182 (18¢59)
Unreported, n (%ile) 119 (0¢77) 44 (0¢13)
Mode of delivery, n (%ile)

Spontaneous vaginal 14,633 (94¢27) 33,138 (99¢66)
Assisted (vacuum or forceps) 231 (1¢49) 34 (0¢10)
Caesarean overall 658 (4¢24) 79 (0¢24)
Caesarean for labor dystocia 349 (2¢25) 33 (0¢10)

Table 1: Demographics, health, and birth characteristics.

Articles
12¢6%ile of nulliparous women (vs. 25¢7%ile of mul-
tiparous women) were age 35 or older. Maternal height,
BMI, pregnancy weight gain, rates of GBS vaginal colo-
nization, and gestational age at delivery were quite simi-
lar between the nulliparous and multiparous samples.
www.thelancet.com Vol 48 Month June, 2022
Nulliparas more frequently birthed a neonate that was
small for gestational age [nulliparous: 11¢3%ile vs. mul-
tiparous: 5¢5%ile], and in contrast, multiparas more fre-
quently birthed a neonate that was large for gestational
age [multiparous: 18¢6%ile vs. nulliparous: 8¢9%ile].
5



NULLIPAROUS MULTIPAROUS

Total, n nonmissing (%ile) 15,331 (98¢77) 32,882 (98¢89)
Continuing active labour, n (%ile)

>3h 13,709 (89¢42) 18,289 (55¢62)
>6h 9404 (61¢34) 6798 (20¢67)
>9h 6056 (39¢50) 3037 (9¢24)
>12h 4007 (26¢14) 1701 (5¢17)
>15h 2780 (18¢13) 1008 (3¢07)
>18h 1960 (12¢78) 550 (1¢67)

Articles
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Multiparous women more often birthed in their
intended setting, with only 1¢6%ile transitioning to the
hospital during labour, birth, or postpartum. 13¢5%ile of
nulliparous women transitioned to the hospital during
labour, birth, or postpartum. Almost all people in this
sample birthed vaginally, without operative interven-
tion: 94¢3%ile of nulliparas and 99¢7%ile of multiparas
experienced spontaneous vaginal birth. 2¢3%ile of nul-
liparous women and 0¢1%ile of multiparous women
delivered by caesarean indicated for dystocia.
>21h 1384 (9¢03) 341 (1¢04)
>24h 973 (6¢35) 227 (0¢69)
>30h 667 (4¢35) 145 (0¢44)
>36h 334 (2¢18) 62 (0¢19)
>42h 172 (1¢12) 34 (0¢10)
>48h 100 (0¢65) 15 (0¢05)
>54h 52 (0¢34) 7 (0¢02)
>60h 33 (0¢22) 4 (0¢01)
>66h 20 (0¢13) 3 (0¢01)
>72h 15 (0¢10) 1 (0¢00)
>96h 2 (0¢01) 0 (0¢00)
>120h 0 (0¢00) 0 (0¢00)
Duration of the active phase of labour
Nulliparous (vs. multiparous) women experienced signifi-
cantly longer active phases of labour on average [mean
11¢9 vs. 4¢6 h; median 7¢5 vs. 3¢3 h, p < 0¢0001] (Table 2)
and by proportion still laboring in each three- hour inter-
val, up to 120 h (Table 3). 90%ile of nulliparas completed
the active phase of labour before 21 h, whereas 90%ile of
multiparas completed the active phase of labour before
9 h (Table 3, Figures. 1 and 2). More nulliparous women
had active labours that extended beyond 24 h, compared
to multiparous women.
Table 3: Counts and percentage of those continuing active
labour, by parity, every three hours up to 24 h and then every
6 h after 24 h.
Duration of the pushing phase of labour
Pushing phase durations were also significantly longer
for nulliparous (vs. multiparous) women on average
[mean 1¢9 vs. 0¢4 h; median 1¢1 vs. 0¢2 h, p < 0¢0001]
(Table 4) and by the proportion still laboring, compar-
ing 1 h intervals up to 15 h (Table 5). Similar to the dura-
tion of active phase, nulliparous women pushed for
longer than multiparous women; 90%ile of nulliparas
completed the second stage by just over 3 h, while
90%ile of multiparas completed the second stage in
less than 45 min (Table 5, Figures. 3 and 4).
Duration of the active phase of labour by maternal age
On average, younger nulliparous women [<35 years]
completed the active phase of labour more than one
NULLIPAROUS MULTIPAROUS

Total, n nonmissing (%) 15,331 (98¢77) 32,882 (98¢89)
First stage active labourduration, hours

mean § SD 11¢9 § 15¢4 4¢6 § 5¢6
5th percentile § SE 2¢2§ 0¢031 0¢8 § 0¢010
10th percentile § SE 2¢9§ 0¢034 1¢2 § 0¢011
50th percentile § SE 7¢5§ 0¢066 3¢3 § 0¢020
75th percentile § SE 12¢6 § 0¢125 5¢4 § 0¢035
85th percentile § SE 16¢7 § 0¢198 7¢1 § 0¢051
90th percentile § SE 20¢9 § 0¢360 8¢7 § 0¢075
95th percentile § SE 34¢8 § 1¢205 12¢0 § 0¢125

Table 2: Duration of first stage active labour in hours, by parity,
at multiple points of distribution.
hour earlier than those who were 35 and older [7¢3 h vs.
8¢6 h] (Table 6). Differences between these nulliparous
groups were wider at the 90th%ile, with younger people
completing active labour approximately 11¢5 h earlier
than older nulliparous people. This was reversed among
multiparous women, but with much less time differ-
ence. At both the median and at the 90th%ile, younger
multiparas’ active phase of labour was 18 min longer
than multiparas 35 and older.
Duration of the pushing phase of labour by maternal
age
Pushing-phase duration age-related findings were
also significantly different (Table 6). Nulliparous
women <35 (vs. ≥ 35) birthed, on average, 18 min
earlier and nearly 2 h earlier at the 90th%ile. There
were no differences between older and younger mul-
tiparous women in pushing phase durations at the
median or 90th%ile.
Duration of the active phase of labour by BMI
Nulliparous active labour duration trends, stratified by
BMI, showed that those with BMI < 30 kg/m2 com-
pleted the active phase on average 12 min earlier than
those with BMI ≥ 30 (Table 6). Differences were wider
at the 90th%ile, with nulliparous women with higher
BMIs (vs. lower BMIs) needing 9 h more time to com-
plete the first stage of labour. BMI-associated
www.thelancet.com Vol 48 Month June, 2022



Figure 1. Frequency of nulliparous women progressing to pushing during active second stage by active first stage of labour dura-
tion, in hours.

Black lines on the x-axis mark active first stage of labour duration in 6 h intervals Blue numbers on the x-axis denote the number
of observations and points of active phase of labour duration, in hours, when pushing began. Numbers from 0 to 800 on the y-axis
denote the frequency count.

Articles
differences among multiparous women were less clini-
cally relevant, with approximately 6 min of difference in
active phase duration at the median and approximately
30 min of difference in active phase duration at the
90th%ile.
Figure 2. Frequency of multiparous women progressing to pushing
tion, in hours.

Black lines on the x-axis mark active first stage of labour duration
of observations and point of active phase of labour duration, in hou
denote the frequency count.

www.thelancet.com Vol 48 Month June, 2022
Duration of the pushing phase of labour by BMI
Interestingly, nulliparas with BMI < 30 kg/m2 had
slightly longer pushing phase durations at the mean (1 h
and 6 min vs. 54 min) and at the 90th%ile (3 h and
12 min vs. 3 h), compared to those with BMI ≥ 30 kg/m2
during active second stage by active first stage of labour dura-

in 6 h intervals Blue numbers on the x-axis denote the number
rs, when pushing began. Numbers from 0 to 800 on the y-axis
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NULLIPAROUS MULTIPAROUS

Total, n nonmissing (%ile) 14,693 (97¢08) 32,538 (98¢02)
Pushing phase duration, hours

mean § SD 1¢9§ 2¢8 0¢4§ 0¢6
5th percentile § SE 0¢2§ 0¢004 0¢0§ 0¢000
10th percentile § SE 0¢3§ 0¢005 0¢1§ 0¢001
50th percentile § SE 1¢1§ 0¢009 0¢2§ 0¢001
75th percentile § SE 1¢9§ 0¢016 0¢4§ 0¢003
85th percentile § SE 2¢5§ 0¢023 0¢6§ 0¢004
90th percentile § SE 3¢1§ 0¢043 0¢7§ 0¢006
95th percentile § SE 5¢5§ 0¢176 1¢1§ 0¢012

Table 4: Duration of pushing during the second stage of labour
in hours, by parity, at multiple points of distribution.

NULLIPAROUS MULTIPAROUS

Total, n nonmissing (%ile) 14,693 (97¢08) 32,538 (98¢02)
Continuing pushing, n (%ile)

>1h 11,754 (81¢09) 6149 (18¢92)
>2h 4909 (33¢87) 756 (2¢33)
>3h 2093 (14¢44) 225 (0¢69)
>4h 1012 (6¢98) 121 (0¢37)
>5h 542 (3¢74) 81 (0¢25)
>6h 320 (2¢21) 54 (0¢17)
>7h 208 (1¢43) 40 (0¢12)
>8h 152 (1¢05) 32 (0¢10)
>9h 109 (0¢75) 25 (0¢08)
>10h 73 (0¢50) 23 (0¢07)
>11h 41 (0¢28) 18 (0¢06)
>12h 22 (0¢15) 13 (0¢04)
>13h 9 (0¢06) 4 (0¢01)
>14h 5 (0¢03) 0 (0¢00)
>15h 0 (0¢00) 0 (0¢00)

Table 5: Counts and percentage of those continuing pushing
during the second stage of labour, by parity, every hour.
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(Table 6). BMI was not associated with differences in
pushing phase of labour duration among multiparous
women.
Discussion
This study used contemporary US data collected from
low-risk birthing people predominantly from settings
where routine perinatal interventions are not available.
Consistent with prior US literature on those intending
home or birth center births [‘community births’], this
sample contained more young (< 35 years), married or
partnered, lower BMI (<30 kg/m2), White women with
college education and access to private medical insur-
ance, compared with the broader US childbearing
population.13,14 The majority of people in this sample
birthed in the community setting. Nulliparous women
had significantly longer active first stage and pushing
phase durations than multiparous women. Maternal
age >35 was associated with longer active first stage of
labour and longer pushing phase among nulliparous
women. BMI >30 kg/m2 was associated with longer
active first stage of labour but shorter pushing phase
among nulliparous women. Patterns among multipa-
rous women were different, with those >35 experiencing
a slightly more rapid active labour and no difference in
pushing duration, and those with BMI >30 kg/m2

experiencing a slightly longer active labour but, simi-
larly, no difference in pushing duration. These study
findings offer new active first stage and pushing phase
labour duration estimates that are not confounded by
interventions to hasten or terminate labour.

Regarding a comparison of current estimates with
selected prior estimates, it may be useful to consider
these results within a selected historical context. There is
longstanding clinical and clinical-science interest in
labour duration as a key factor in determining risk.25

Though several clinical-scientists prior to Friedman pub-
lished on these topics, Friedman’s labour progress
research was the most widely translated to the clinical
setting.26 There has also been extensive critique of
Friedman’s widely influential work from multiple, con-
temporary labour progress scientists.6,7,8,15,17 This sci-
ence has importantly advanced both understanding of
labour duration norms and also greatly influenced
changes to clinical care supporting more patience with
labour progress.27 The current study seeks to build on
this prior research with data offering a new opportunity:
characterization of labour duration when there is little to
no medical interference with physiologic birthing pro-
cesses. This raises interest in comparison of current
labour duration estimates vs. prior labour duration esti-
mates. Because prior labour duration science is volumi-
nous, we chose to compare current study findings
against six published labour duration studies from a
range of author teams, design, methodologic approaches,
and publication years (1955 − 2018). We acknowledge
that the choice of comparison studies is not comprehen-
sive and represents those that are well-known and have
been commonly referenced over the years.

The most striking comparisons relate to new esti-
mates of nulliparous active phase of labour duration.
Study findings indicate that the median duration of nul-
liparous active labour may be nearly twice as long, and
the 95th%ile duration more than three times as long,
when compared to earlier estimates [e.g., median:
7¢5 vs. 4¢0 h; 95th%ile: 34¢8 vs. 11¢7 h]2 (Table 7). Given
well-established trends showing higher rates of inter-
vention for ‘labour dystocia’ among nulliparous (vs.
multiparous) women,4 this finding is of particular
importance. It seems that labours we are labelling as
“pathologically too long” (dystocia) solely because they
exceed the 95th%ile of earlier labour duration estimates
might well be within the reasonable range of normal,
for nulliparous women in particular.
www.thelancet.com Vol 48 Month June, 2022



Figure 3. Frequency of nulliparous women progressing to birth by pushing during active second stage of labour duration, in hours.
Black lines on the x-axis mark pushing duration in 1 h intervals. Blue numbers on the x-axis denote the number of observations

and point of pushing duration, in hours, when birth occurred. Numbers from 0 to 2000 on the y-axis denote the frequency count.
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Our estimates of multiparous active phase of labour
duration were more consistent with selected prior esti-
mates. While our results suggest that the median mul-
tiparous active labour duration is longer than earliest
estimates [3¢3 vs. 1¢8 h],1 3¢3 average hours of active
labour duration is within the range of prior characterisa-
tions.15 Interestingly, multiparous active duration at the
95th%ile was approximately 1, 2 h shorter than noted in
several prior estimates (Table 7).
Figure 4. Frequency of multiparous women progressing to birth by
Black lines on the x-axis mark pushing duration in 1 h intervals.

and point of pushing duration, in hours, when birth occurred. Numb

www.thelancet.com Vol 48 Month June, 2022
Our study suggests that nulliparous women experi-
enced, on average, slightly longer second-stage than in
prior estimates (Table 8). However, it is important to
remember that the data used for this analysis did not
include time prior to pushing during second stage,
while some previous estimates marked the beginning of
second stage by full cervical dilation alone. Thus, our
pushing phase findings are likely shorter than they
would have been if second stage onset had been marked
pushing during active second stage of labour duration, in hours.
Blue numbers on the x-axis denote the number of observations
ers from 0 to 2000 on the y-axis denote the frequency count.
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NULLIPAROUS MULTIPAR US

Age < 35 Age ≥ 35 BMI < 30 kg/m2 BMI ≥ 30 kg/m2 Age < 35 Age ≥ 35 BM 30 kg/m2 BMI ≥ 30 kg/m2

Total, n nonmissing (%ile) 13,389 (87¢33) 1937 (12¢63) 13,300 (86¢75) 1036 (6¢76) 24,419 (74¢26) 8459 (25¢73) 21,1 (64¢26) 9786 (29¢76)
Active phase of labour duration, hours

10th percentile § SE difference [95% CI] 2¢9§ 0¢039 3¢1 § 0¢095 2¢9 § 0¢042 3¢2 § 0¢105 1¢2 § 0¢015 1¢1 § 0¢020 1¢2 0¢014 1¢2§ 0¢032
0¢175 [�0¢031, 0¢381] 0¢252 [0¢025, 0¢479] �0¢130 [�0¢180, �0¢079] �0¢ 5 [�0¢094, 0¢045]

25th percentile § SE difference [95% CI] 4¢5§ 0¢052 5¢0 § 0¢144 4¢6 § 0¢055 5¢0 § 0¢174 2¢0 § 0¢019 1¢9 § 0¢027 2¢0 0¢018 2¢0§ 0¢044
0¢505 [0¢199, 0¢810] 0¢411 [0¢046, 0¢776] �0¢178 [�0¢244, �0¢111] 0¢00 [�0¢091, 0¢100]

50th percentile § SE difference [95% CI] 7¢3§ 0¢081 8¢6 § 0¢244 7¢4 § 0¢086 8¢2 § 0¢308 3¢4 § 0¢027 3¢1 § 0¢042 3¢3 0¢026 3¢4§ 0¢068
1¢285 [0¢770, 1¢800] 0¢712 [0¢072, 1¢352] �0¢240 [�0¢340, �0¢139] 0¢08 [�0¢066, 0¢226]

75th percentile § SE difference [95% CI] 12¢3 § 0¢142 15¢0 § 0¢429 12¢5§ 0¢153 13¢6§ 0¢501 5¢5 § 0¢047 5¢2 § 0¢071 5¢4 0¢045 5¢6§ 0¢115
2¢700 [1¢797, 3¢603] 1¢107 [0¢059, 2¢156] �0¢289 [�0¢459, �0¢119] 0¢23 [�0¢017, 0¢478]

*90th percentile § SE difference [95% CI] 19¢6 § 0¢398 31¢2 § 1¢721 21¢2§ 0¢378 30¢2§ 2¢590 8¢7 § 0¢097 8¢4 § 0¢139 8¢6 0¢094 9¢1§ 0¢220
�0¢332 [�0¢672, 0¢008] 0¢533 [0¢054, 1¢012] 9¢006 [3¢772, 14¢241] �0¢332 [�0¢672, 0¢008] 0¢53 [0¢054, 1¢012]

NULLIPAROUS MULTIPAROUS

Total, n nonmissing (%) 12,903 (87¢82) 1786 (12¢16) 12,774 (86¢94) 960 (6¢53) 24,180 (74¢31) 8354 (25¢67) 27,1 (83¢31) 3486 (10¢71)
Pushing phase duration, hours

10th percentile § SE difference [95% CI] 0¢3§ 0¢005 0¢4 § 0¢015 0¢3 § 0¢006 0¢2 § 0¢015 0¢1 § 0¢001 0¢1 § 0¢001 0¢1 0¢001 0¢0§ 0¢001
0¢051 [0¢019, 0¢083] �0¢094 [�0¢126, �0¢062] �0¢003 [�0¢005, 0¢000] �0¢ 8 [�0¢011, �0¢005]

25th percentile § SE difference [95% CI] 0¢6§ 0¢007 0¢7 § 0¢025 0¢6 § 0¢009 0¢5 § 0¢023 0¢1 § 0¢001 0¢1 § 0¢002 0¢1 0¢001 0¢1§ 0¢003
0¢141 [0¢090, 0¢193] �0¢133 [�0¢181, �0¢084] �0¢003 [�0¢007, 0¢002] �0¢ 8 [�0¢023, �0¢012]

50th percentile § SE difference [95% CI] 1¢1§ 0¢011 1¢4 § 0¢039 1¢1 § 0¢013 0¢9 § 0¢041 0¢2 § 0¢002 0¢2 § 0¢003 0¢2 0¢002 0¢2§ 0¢005
0¢307 [0¢226, 0¢389] �0¢171 [�0¢256, �0¢085] 0¢001 [�0¢007, 0¢009] �0¢ 9 [�0¢039, �0¢019]

75th percentile § SE difference [95% CI] 1¢8§ 0¢020 2¢4 § 0¢059 1¢9 § 0¢021 1¢7 § 0¢070 0¢4 § 0¢004 0¢4 § 0¢007 0¢4 0¢004 0¢4§ 0¢010
0¢562 [0¢438, 0¢687] �0¢166 [�0¢313, �0¢020] 0¢013 [�0¢003, 0¢028] �0¢ 3 [�0¢064, �0¢022]

90th percentile § SE difference [95%ile CI] 3¢0§ 0¢045 4¢9 § 0¢344 3¢2 § 0¢074 3¢0 § 0¢196 0¢7 § 0¢008 0¢7 § 0¢014 0¢7 0¢009 0¢7§ 0¢018
1¢990 [1¢296, 2¢685] �0¢192 [�0¢612, 0¢227] 0¢036 [0¢004, 0¢069] �0¢ 8 [�0¢099, �0¢018]

Table 6: Active phase of labour and pushing durations, stratified by parity, maternal age, and Body Mass Index (BMI) at multiple points of distribution.
* Model-based standard errors were incalculable for some 90th percentiles due to sparse counts; in those cases, CIs based on bootstrapping are reported instead.

A
rticles

10
w
w
w
.th

elan
cet.com

V
ol48

M
on

th
Jun

e,2022
O

I <

30

§
02

§
5

§
0

§
0

§
3

07

§
00

§
01

§
02

§
04

§
05



Nulliparous active labour duration

Study results Friedman 19,552 Albers 199616 Zhang 201017 Abalos 2018a15

Sample size 15,331 500 556 8690 75,081

mean 11¢9 4¢9 7¢7 .. ..

median 7¢5 4¢0 .. 3¢7 3¢7 − 5¢9
95th%ile 34¢8 11¢7 19¢4 16¢7 14¢5 − 16¢7
Multiparous active labour duration

Study results Friedman 19561 Albers 199616 Zhang 201017 Abalos 2018a15

Sample size 32,882 500 917 11,765 117,829

mean 4¢6 2¢2 5¢7 .. ..

median 3¢3 1¢8 .. 2¢2 2−5

95th%ile 12¢0 13¢6 13¢7 14¢2 11 - 14

Table 7: Active labor duration at the mean, median, and 95th%ile, in hours, vs. selected prior estimates.
.. not reported.
aranges reported in this systematic review.

Articles
by full cervical dilation rather than pushing onset, as
there is often a lag between full cervical dilation and the
urge to push. It is interesting to note that the results
showing 5¢5 h of second stage duration at the 95th%ile
among nulliparous women is more than twice as long
as some prior characterisations (Table 8). It is possible
that this is related to hospital-based policies and culture
and/or clinician perceptions of risk leading to earlier
second stage intervention, and thus shorter labor times,
in prior samples. Also of note, our population did not
have ready access to epidurals which have been shown
to further increase the length of the second stage by two
hours or more at the 95th%ile.28

Median pushing during second stage duration of
labour findings among multiparous women are the
same as earliest published estimates [e.g., median is
0¢2 h in our study and also in Friedman’s 1956 study].1

And current multiparous estimates at the mean,
median, and 95th%ile are within the ranges estimated
Nulliparous second stage labour duration

Study resultsa Friedman 19,552

Sample size 14,693 500

mean 1¢9 0¢95
median 1¢1 0¢8
95th%ile 5¢5 2¢5
Multiparous second stage labour duration

Study resultsa Friedman 19,561

Sample size 32,538 500

mean 0¢4 0¢29
median 0¢2 0¢2
95th%ile 1¢1 0¢83

Table 8: Pushing duration at the mean, median, and 95th%ile, in hours
..not reported.
a those in our sample were actively pushing.
b ranges reported in this systematic review.

www.thelancet.com Vol 48 Month June, 2022
from earlier characterisations (Table 8). Our study find-
ings thus increase confidence in the normal duration
patterns of multiparous second stage of labour by cor-
roborating prior multiparous second stage duration
research. Findings further lend confidence that measur-
ing the onset of the second stage by the start of pushing
may be comparable to prior methods of measuring sec-
ond stage duration.

Older maternal age (≥ 35 vs. < 35) was associated
with longer active and second stage labour durations
among nulliparous women. This pattern was reversed
among older multiparous women whose active labour
durations were shorter and second stage labour dura-
tions were equivalent to those <35 years. These age-
related findings are consistent with some, but not all,
prior research.11,18 Regardless of parity, those with
higher (≥ 30 kg/m2 vs. <30 kg/m2) BMI experienced
longer active labour. But this trend reversed during sec-
ond stage, as those with BMI ≥ 30 kg/m2 had shorter
Albers 199616 Zhang 20107 Abalos 2018b15

556 27,170 75,081

53 m .. ..

.. 36 m 14−66 min

2 h, 45 m 2 h, 48 m 65−138 min

Albers 199616 Zhang 20107 Abalos 2018b15

917 35,245 117,829

17 m .. ..

.. 9 m 6−12 min

57 m 72 m 58 − 76 min

, vs. Second stage of labor duration of selected prior estimates.
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(nulliparous) or equivalent (multiparous) pushing dura-
tions, compared to those with BMI < 30 kg/m2. These
findings are consistent with prior research.19,20 Differ-
ences by maternal age, BMI, and parity signal important
directions for future study that might also examine
whether maternal age modifies the relationship
between first stage labour duration and BMI.12 Given
repeated evidence that normal labour durations vary
widely,15 that each labouring individual has multiple
health and demographic characteristics, and that the
effect of these characteristics varies, in turn, by other
characteristics, unless future nomograms become
exceedingly individualized, greater patience in labour,
with less focus on time, may be prudent.

A strength of this study is the sample, which provided
the opportunity to study labour progress in a large, con-
temporary, low-risk, and undisturbed cohort. By over-
coming prior sampling concerns, our study findings
provide critical new insight regarding the duration of
normal active phase and pushing phase of labour when
interventions to hasten birth are not routinely used.
There are also several limitations. The onset of active
labour in the MANA cohort is identified by the attending
midwife and routinely, but not always, included cervical
examination. This practice of defining active labour by
contraction frequency, duration, and regularity likely dif-
fers from other birth settings where cervical examina-
tions may occur more routinely. An additional limitation
is that most women in moderate- to high-resource coun-
tries intend hospital birth at the start of labour. There are
known demographic differences, and likely values and
preference differences, among those who choose com-
munity birth that may affect length of labour, such as a
greater tolerance for longer labour before using interven-
tion. Community birth models of care also usually offer
continuity of care along with continuous labour support,
and these may have important consequences for mater-
nal (and thus foetal) ability to tolerate longer durations of
labour and pushing. For these reasons, findings may not
be generalizable to all childbearing populations. Impor-
tantly, we believe that this study comes as close as is fea-
sible and ethical to providing counterfactual (to modern
practice) estimates for normal labour duration during
the active first stage of labour and pushing during second
stage. This information may help to overcome decades of
uncertainty about normal labour progress absent inter-
vention and time thresholds signaling labour dystocia.

We recommend replication studies using other com-
munity birth (or similarly low-intervention) samples.
Before findings can be generalized to wider childbear-
ing populations, research should estimate similar out-
comes among those with more granular variation in
parity, age, size, and socioeconomic circumstances.
Future research must explore these questions in more
racially, ethnically, and geographically diverse samples.
Because it is unknown if labour time thresholds at
points of statistical distribution are related to risk, we
also believe it is critical that future research examine the
association between labour duration and risk for poor
maternal/child outcomes. Only after the evidence base
on these topics is stronger do we recommend incremen-
tal and well-studied translation of these findings. Simi-
lar to prior research that compared the effect of waiting
2 vs. 4 h with active phase arrest,21,22 future research
might consider the effects of allowing one to two more
hours of supportive care,23,24 vs. immediate interven-
tion, especially after nulliparous active labour reaches a
duration traditionally defined as ‘labour dystocia’.

Despite longstanding belief in the relevance of
labour duration for intrapartum clinical decision mak-
ing, there are widely acknowledged limitations to how
normal labour and birth have been characterised and to
how labor dystocia has been defined. Clinical translation
of early labour duration research has led to widespread
use of interventions intended to hasten labor, thus creat-
ing difficulty in obtaining a large, undisturbed sample
to characterise normal patterns of labour progress. Find-
ings of this study offer new estimates for active labour
and pushing phase durations during low-risk childbear-
ing.
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