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Introduction
Water immersion in labor and birth is a valuable strategy for pain
relief, associated with a signiﬁcant reduction in the use of epidural
anesthesia (Cluett and Burns, 2009). Water immersion has the
potential to reduce the cost of care and provide women who want
physiologic births with an eﬀective tool for non-pharmacological pain
management. Though water immersion in the ﬁrst stage of labor is
generally considered a safe and low-cost method of pain management
for women in labor, concerns persist regarding the safety of second
stage immersion and birth under water. The most recent Cochrane
Review of hydrotherapy for labor and birth reported a lack of
randomized controlled trials examining neonatal safety of second stage
immersion (Cluett and Burns, 2009). Citing a lack of evidence, some
organizations discourage use of water birth (Papile et al., 2014).
While randomized controlled trials protect against some forms of
bias, limitations exist in randomized controlled trials with water birth.
Blinding of subjects and providers is never possible with water birth
introducing a risk for performance bias. Ethical treatment of research
subjects requires following protocols that remove women from water if
there is concern for fetal well-being or when there is a desire for
stronger pain control. This means women at higher risk of poor
outcomes are likely removed from the water birth intervention group
resulting in attrition bias. In the only study to report results for both
women randomized to water birth and women who chose water birth,
women willing to be randomized to water birth were less likely to
deliver in the water than women who show a preference for water birth
(Woodward and Kelly, 2004). This causes additional problems for
estimating the sample size necessary for an adequately powered sample
in a randomized controlled trial.
Though there are only a few randomized controlled trials on
neonatal outcomes during water birth, multiple non-randomized
studies and clinical audits exist. It is appropriate to include nonrandomized studies in a meta-analysis when gaps exist in the evidence
from randomized controlled trials, though in such cases the risk of bias
and confounding in non-randomized studies must be addressed
(Norris, 2011). For the non-randomized studies that report neonatal
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outcomes with water birth, using existing medical records data for
water birth protects against some types of bias such as selective
detection of poor outcomes and missing data. However, these studies
may be at higher risk of bias and confounding because women who
delivered in water may be diﬀerent from, or have diﬀerent labor
trajectories than, women who did not deliver in water. This may lead to
selection bias, bias in deﬁning the intervention and control groups, or
attrition bias.
Two recently published meta-analyses of neonatal outcomes
synthesized experimental and observational studies, however limitations of these studies make translation to hospital practice diﬃcult
(Davies et al., 2015; Taylor et al., 2016). First, these reviews combine
hospital and out of hospital deliveries, which may make generalization
of ﬁndings to hospital populations diﬃcult. Second, the reviews relied
on separate synthesis of continuous and binary outcomes. Synthesizing
eﬀect sizes that use diﬀerent metrics is acceptable if the studies would
have otherwise been considered appropriate to combine (Borenstein
et al., 2009). Use of statistical analysis that correctly combines
continuous and binary outcomes allows for larger samples which
facilitates identiﬁcation of diﬀerences in rare outcomes necessary to
determine if second stage immersion is safe. Third, the syntheses did
not account for diﬀerences in water birth protocols between the studies
which may contribute to the heterogeneity of reported results.
Stratifying studies by speciﬁc water birth protocols can help identify
practices which may contribute to any identiﬁed poor outcomes, an
important step to create evidence based protocols for water birth.
Finally, neither study performed cumulative meta-analysis. Cumulative
meta-analysis identiﬁes the stability of ﬁndings over time and can help
determine the likelihood of future research to alter the results of
synthesis.
To address these gaps in the literature, we aimed to synthesize the
broadest possible collection of evidence regarding neonatal outcomes
with hospital water birth to identify any association with poor neonatal
outcomes, including associations with speciﬁc water birth policies. The
speciﬁc question was whether water birth was associated with poor
neonatal outcomes as measured by APGAR, need for resuscitation,
pneumonia, neonatal infection, neonatal respiratory distress, neonatal
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hypothermia, umbilical pH, shoulder dystocia, cord avulsion, neonatal
intensive care unit (NICU) admission, and neonatal mortality.

Where researchers diﬀered in their interpretation of a study, researchers reviewed the study together until consensus was achieved.

Methods

Outcome Data Items

A study protocol was completed and registered with PROSPERO,
registration number CRD42014015487.

For each study, outcome data were extracted for as many categories
as reported without limiting based on measurement or variable type.
Outcomes were selected based on the theoretical risks and beneﬁts of
water birth for the neonate, including shoulder dystocia, cord avulsion,
1- and 5-minute APGAR, need for resuscitation, umbilical pH, neonatal
hypothermia, infections, respiratory distress, neonatal intensive care,
and neonatal mortality.

Eligibility Criteria
Studies were eligible if they compared neonatal outcomes between
hospital water birth and a hospital control group for full term neonates.
Non-English language papers were included if the information needed
for assessment was available in an English abstract or tables could be
translated. Papers were excluded if they reported results from immersion during ﬁrst stage only, reported maternal outcomes only, included
births outside the hospital, or did not provide adequate comparison
data.

Risk of Bias in Individual Studies
Risk of bias was assessed using a modiﬁcation of the ROBINs-I tool
for all studies regardless of methodology. This assessment included
seven domains: confounding, selection, intervention measurement,
attrition, missing data, outcome measurement, and reporting. The
ROBINs-I tool is designed to identify risk of bias individually for each
outcome, however for this study, we assessed risk of bias once for each
study and applied the same risk of bias to all outcomes reported.
Two reviewers made independent domain-level judgments about
risk for bias for each study. Studies which did not provide enough
information to assess risk of bias were determined to be at unclear risk
of bias. For any domain in any study where reviewers disagreed, the
reviewers discussed the study until consensus was determined.

Information Sources
Studies were found by searching ﬁve databases: PubMed, Embase,
Web of Science, CINAHL, and WorldCat Dissertations. No restrictions
were placed on language or dates of publication. Initial searches were
conducted on November 13, 2014 and all database searches were
updated on May 17, 2016 to collect any studies published during the
process of review. In addition, reference lists of existing reviews and
selected articles were reviewed, as well as a bibliography available from
Waterbirth International.

Summary Measures and Synthesis of Results
Outcomes for this study were synthesized as log odds ratio and
converted to odds ratio as the summary measure. Studies were
included in the meta-analysis as long as enough information was
provided to calculate a log odds ratio for synthesis. Combining diﬀerent
measures of eﬀect is acceptable because all studies addressed the same
question and would have been combined if they had reported the same
outcome measure (Borenstein et al., 2009). Continuous measures were
transformed to an odds ratio in Comprehensive Meta-Analysis v3
(CMA3) using the procedure proposed by Hasselblad and Hedges (da
Costa et al., 2012).
Eﬀect sizes were calculated in CMA3 using a ﬁxed-eﬀects analysis
weighted with inverse variance. Fixed-eﬀects was appropriate because
it was assumed that the standard policy limiting water birth to low-risk
women meant all studies would share a common eﬀect size which can
be generalized to all low-risk women (Borenstein et al., 2009). As such,
we assumed large diﬀerences in eﬀect size between studies, known as
heterogeneity, would not be due to the underlying risk of water birth
for low-risk women but due to diﬀerences in water birth or study
protocols which could be identiﬁed through stratiﬁcation.
Heterogeneity was addressed by stratiﬁcation on water birth protocol
characteristics to identify water birth policies which result in poor
neonatal outcomes. Heterogeneity of eﬀects was assessed by the Q
statistic and I2.
When a study provided data on more than one comparison group, a
single comparison was selected for synthesis by selecting the group
most like standard hospital care. For example, if water birth was
compared to both birth in a hospital bed and birth on a birth stool, the
hospital bed group was selected as the comparison. When results were
reported diﬀerently for independent groups in a study, such as
nulliparas and multiparas, the groups were combined for analysis. In
the case of continuous outcomes, a random eﬀects meta-analysis was
used to combine the means. The exception to this was a study that
included two arms, a randomized group and a preference group, which
remained separate for analysis due to the diﬀerence in study type.
The risk of bias graph and forest plots were prepared using Review
Manager 5.3 because of the feature that allowed inclusion of risk of bias

Search Strategy
Keywords and index terms were used to gather as wide a range of
papers as possible. The search terms combined neonatal outcomes of
interest (neonatal resuscitation, neonatal mortality, respiratory distress
syndrome, APGAR, neonatal intensive care, infant mortality, and
pneumonia) with terms describing the water birth intervention (water
immersion, hydrotherapy, water birth). The search strategy is included
in Supplement 1.
Study Selection
Two researchers independently screened all abstracts to remove
obviously non-eligible studies. Any article without unanimous agreement to exclude was included in the full text review. Two researchers
independently reviewed each full text article. When the researchers
disagreed about article inclusion, the paper was reviewed by the
researchers jointly to obtain a consensus decision. All selected studies
were included in the systematic review. Studies that provided adequate
data for statistical synthesis were included in the meta-analysis.
Data Collection Process
Data were extracted from the reports using coding sheets designed
to capture outcome data as well as information about participant and
intervention characteristics which could be used to determine reasons
for heterogeneity. The forms were pilot tested prior to use.
Characteristics of the intervention included inclusion and exclusion
criteria as well as any description of the protocol used. Characteristics
of the participants included maternal age, parity, gestational age, use of
oxytocin and analgesics, proportion of women with prior cesarean,
matching variables, and selection of controls. Outcome data included
the measure used, whether analysis was intention to treat or per
protocol, presence and direction of eﬀect, and any control variables
included in analysis.
Two researchers collected data from each article independently.
28
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data in the ﬁgures.

Study Characteristics

Additional Analysis

Individual study characteristics are available in Table 1. The sample
included randomized controlled trials (k=5), two non-randomized
controlled trials (k=2), cohort studies (k=21) and matched cohorts
(k=12), though one publication reported on two studies (Woodward &
Kelly, 2004). Most utilized retrospective enrollment (k=22). About half
the studies (k=15) had a sample size of 200 or less, while about a
quarter (k=8) had a sample larger than 1000. The studies provided data
for 28,529 births, of which 12,592 were reported to be under water
(45.1%). Two studies did not provide data about sample size. Three of
the studies presented updated data on a sample used in a prior study;
in those cases, the prior report was included in synthesis only for the
outcomes not included in the updated paper.
All studies characterized their sample as low risk women though
descriptions varied. The most common speciﬁc criteria mentioned for
water birth eligibility were a minimum gestational age (k=25), singleton pregnancy (k= 21), and cephalic presentation (k= 21). The most
common exclusion criteria were pregnancy complications (k= 19),
although these complications were rarely deﬁned. The most common
criteria that required women to exit the water and deliver on land were
non-reassuring fetal heart tones (k=15) and presence of meconium
stained ﬂuid (k=9). The most common comparison group was deﬁned
by normal spontaneous vaginal delivery (k=15), though some prospective studies included any vaginal delivery (k=7). Most studies required
the control group to meet the water birth eligibility criteria (k=20).
Some studies required the control group to not use hydrotherapy
(k=11) while others allowed ﬁrst stage immersion (k=6). The most
common matching variable was parity (k=10) followed by age (k=6)
and gestation (k=3).

Generalizability of Findings
Generalizability of the estimate was assessed by examining the
stability of the results when the synthesis was restricted to studies that
explicitly described a water birth protocol or control group characteristic.
Publication bias
Publication bias was assessed using funnel plots with observed and
imputed studies. We suspected publication bias when there was
evidence the published studies diﬀered systematically from the studies
which would be published in a balanced funnel plot. Including both
observed and imputed studies allowed estimation of the expected
change if publication bias was not present.
Eﬀect of potential bias
To assess eﬀect of potential bias the analysis was repeated after
excluding any study that was at risk of confounding, selection bias,
measurement bias or attrition bias because these biases had the
potential to skew the estimate in favor of water birth. Sensitivity
analysis could only be performed when at least two studies remained
for an outcome after risk of bias exclusion. To assess the overall eﬀect
of inclusion of observational studies, the analysis was repeated
stratifying the studies by observational vs experimental study type.
Eﬀect of wrong statistic
After examining the studies, we determined no studies using
matched cohorts used the McNemar's test, the standard for analyzing
matched data. Though McNemar's test does use a chi-square distribution, it analyzes discordant pairs rather than individual observations.
Given the age of many studies, we did not seek paired data to calculate
odds ratios using McNemar's test. The eﬀect of using the wrong
statistic was assess by simulating the results of McNemar's when raw
counts were provided. To simulate McNemar's, we calculated the odds
ratio assuming the highest proportion of discordant outcomes possible.

Risk of bias within studies
Overall risk of bias was moderate to low (see Fig. 2), though 23
studies had at least one high risk of bias within the four domains which
could potentially move the estimate in favor of water birth; confounding, selection bias, measurement of intervention, or attrition bias. Risk
of bias for studies which could only be accessed as an abstract were
often unable to be completed.
Risk for confounding was high when there was no evidence the
control and experimental groups were similar (k=8). Most studies
addressed confounding by restricting the sample to a deﬁnition of low
risk pregnancies and matching the control group. The most common
evidence presented for group similarity was maternal age (k=14)
followed by gestational age (k=9). While some studies identiﬁed
diﬀerences in use of uterotonics (k=2) and use of analgesics (k=7),
we could ﬁnd no evidence to suggest either diﬀerence would confound
the outcomes (Budden et al., 2014; Bugg et al., 2013; Klomp et al.,
2012; Ullman et al., 2010). No studies controlled for confounding
through analysis.
Risk for selection bias was high with retrospective selection of
participants based on delivery outcomes because water birth required
the woman not experience any of the reported exclusion criteria
(k=13). This meant it was possible the water birth group had to meet
some stricter criteria of normalcy to be included. This is meaningful
because women with intrapartum complications, such as meconium
stained ﬂuid or abnormal fetal heart rate patterns, may have been
excluded from the water birth group but not necessarily from the
control group. If this occurred, the bias would result in an estimate that
favored water birth.
Risk for measurement bias was high when it was determined the
control group may have included women who used hydrotherapy at
some point in labor (k=6). In practice, ﬁrst stage hydrotherapy may not
represent a bias as second stage immersion is commonly a continuation
of ﬁrst stage immersion. However, if women who were removed from
the water due to exclusion criteria, such as meconium stained ﬂuid,

Stability of ﬁndings over time
Cumulative meta-analysis, analysis of the change in estimate over
time, was performed to assess the stability of the evidence about
neonatal outcomes with water birth. Cumulative meta-analysis begins
with the earliest estimate, and tracks the change in estimate as studies
are added chronologically.
Findings
Study Selection
After removing duplicates, 638 studies were available for screening.
In the ﬁrst round of review, evaluation of titles and abstracts, 547
studies were excluded from review because it was clear to both
reviewers that they were either not reporting about water birth, not
reporting neonatal outcomes, not limited to hospital births, or did not
include primary data. A total of 91 studies were considered appropriate
for full text review.
Full text review resulted in the exclusion of 52 articles. The most
common reasons for exclusion were failure to report on a control group
(k=12), failure to provide primary data (k=12), study of water
immersion during ﬁrst stage only (k=9) or publication of results from
a duplicate population (k=9). The ﬁnal sample included 39 articles with
34 providing data necessary to complete meta-analysis for at least one
outcome. See Fig. 1 for the study ﬂow diagram.
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Records identified through
database searching
(k=615)

Additional records identified
through other sources
(k=192)

Eligibility

Screening

Records after 169 duplicates
removed
(k=638)

Records screened
(k=638)

Records excluded
(k=547)

Full-text articles assessed for
eligibility
(k=91)

Full-text articles excluded;
with primary reasons
(k=52)
Duplicate Population 9
Wrong Intervention 9
No Comparison 12
No Outcomes 4
No Primary Data 12
Out of Hospital 3
Text Not Available 3

Included

Studies included in qualitative
synthesis
(k=39)

Studies included in quantitative
synthesis (meta-analysis)
(k=34)
Fig. 1. Prisma ﬂow diagram of screening and review of articles for inclusion in the systematic review and meta-analysis of neonatal outcomes comparing hospital water birth to
conventional delivery.

The persistent heterogeneity indicated the variation in estimates is
unlikely to be due to the randomness expected when a consistently
deﬁned intervention is performed. Given the lack of heterogeneity in
any other outcome, it is not likely this heterogeneity is due to true
diﬀerence in the populations being studied. We concluded there must
be diﬀerences in the measurement of 1-minute APGAR between study
sites causing heterogeneity. Therefore, we excluded 1-minute APGAR
from further analysis and completed a random eﬀects model synthesis
which found no diﬀerence between water birth and conventional
delivery as can be seen in Fig. 3 (OR 0.9 95% CI 0.66–1.21 Q=72.73
p < .001 I2=79%).

were counted as conventional deliveries rather than excluded from
analysis, the result would bias the estimate in favor of water birth.
Five studies were rated as high risk for outcome measurement bias
because they were testing water birth as a new practice in a hospital.
Our team believed the health care providers may be more cautions
when testing a new procedure and therefore more likely to begin
resuscitation or antibiotics after a water birth than after conventional
hospital birth. If this occurred, the bias would result in an estimate that
favored conventional birth.
Overall there was low risk of other biases. The studies at risk for
attrition bias did not report the initial number of enrolled women and
the attrition from each group (k=3). This prevented the team from
ensuring there had not been unequal attrition. Missing data (k=1) was
not a problem for most studies because the follow-up was limited to
time in the hospital. Few studies were determined to be at risk for
reporting bias (k=2) because all studies used simple analyses and
nearly all indicated the outcomes of interest a priori.

Shoulder dystocia
Four studies reported quantitative data for shoulder dystocia (see
Fig. 4). Synthesis of these studies resulted in no diﬀerence between
water birth and conventional delivery (OR 0.84 95% CI 0.43–1.63).
Sensitivity analysis could not be performed. Cumulative meta-analysis
revealed this ﬁnding has been stable since 1999 when the outcome was
ﬁrst reported.

Synthesis of results
Table 2 provides the full results of all syntheses and the risk for bias
sensitivity analysis. Two syntheses could not be performed; cord
avulsion and 1-minute APGAR. Cord avulsion was only reported by
one study which found no diﬀerence between water births and
conventional deliveries (Henderson et al., 2014).
The synthesis for 1-minute APGAR was unable to be performed
because of heterogeneity, that is the estimates provided by the studies
varied more than would be expected by chance alone. Per our protocol,
we attempted to resolve the heterogeneity through stratiﬁcation.
However, we were unable to reduce the heterogeneity through stratiﬁcation on any participant or protocol characteristics we had collected.

5. -minute APGAR
Seventeen studies reported quantitative data for 5-minute APGAR
(see Fig. 5). Synthesis of these studies resulted in no diﬀerence between
water birth and conventional delivery (OR 0.92 95% CI 0.75–1.11). An
additional 15 studies reported no diﬀerence but did not provide data
for meta-analysis (see studies 4, 6, 7, 9, 13, 14, 16–18, 21, 25, 29, 32
on Table 1). The result remained no diﬀerence between water birth and
conventional delivery in the sensitivity analysis. Cumulative metaanalysis revealed this ﬁnding has been stable since 1995.
30
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Table 1
Characteristics of Individual Studies.
Study Number, citation

Data
Collection

Location

Study
Type*

Sample Size

Control Group Description

Outcomes
Reported†

1. Bodner et al., 2002
2. Burke and Kilfoyle, 1995

2000–2001
–

Austria
UK

R;MC
R;MC

280
100

1, 2, 5, 8
1

3. Burns, 2001

1990–1998

UK

P, MC

–

4.
5.
6.
7.
8.
9.

2006–2007
1996 – 2008
1982 - –
–
1989–1993
1998

Iran
Australia
Germany
Germany
UK
UK

RCT
R, C
MC
P, C
R, C
MC

106
3755
2000
200
494
–

2012–2013
1991–1999
1991–2000
2008–2009

China
Switzerland
Switzerland
Iran

RCT
R, C
R, C
RCT

120
8705
9518
176

14. Hawkins, 1994
15. Henderson et al., 2014

–
2005

UK
Italy

P, C
P, C

32
2505

16.
17.
18.
19.

Koviland et al., 2014
Kowalewska et al., 2004
Lim et al., 2015
Menakaya et al., 2013

2009–2010
1996–2001
2010–2013
2000–2009

Iran
Poland
Singapore
Australia

R, MC
C
R, MC
R, MC

104
113
236
438

20. Mollamahmutoglu et al.,
2012
21. Moneta et al., 2001
22. Nikodem, 1999
23. Otigbah et al., 2000

2007–2008

Turkey

NRCT

411

1998–2000
1994–1996
1989–1994

Poland
South Africa
UK

C
RCT
R, MC

219
120
602

24. Pagano et al., 2010

2002–2004

Italy

R, C

220

25.
26.
27.
28.

1998–2002
1993–1994
1994–1998
–

Czech Republic
Australia
Switzerland
South Africa

R,
R,
R,
R,

C
MC
MC
C

140
196
200
54

29. Schrocksnadel et al., 2003

1998 – 2000

Austria

R, MC

530

30. Scott and Mallon, 2013
31. Shaw-Battista, 2009
32. Sipiński et al., 2000
33. Thoni et al., 2010
34. Thoni et al., 2007
35. Torkamani et al., 2010
36. Woodward and Kelly, 2004

–
1997–2008
1999
1997–2009
1997–2005
2006–2007
–
–
1998–2006

UK
USA
Poland
Italy
Italy
Iran
UK
UK
Switzerland

R, C
R, C
P
R, C
R, C
P, C
RCT
P, C
P, C

124
7785
270
3160
1254
100
60
20
223

1998–2002

Switzerland

P, C

235

2000–2003

Poland

P, C

171

NSVD, matched for parity.
NSVD; eligible for waterbirth; matched for age and
parity.
Matched at delivery for parity and spontaneous
onset; no hydrotherapy in labor
Met inclusion criteria; no hydrotherapy in labor
NSVD; eligible for waterbirth
NSVD; matched for parity
Unable to determine
Eligible for waterbirth; no hydrotherapy in labor
Vaginal deliveries with no hydrotherapy in labor,
matched for age, parity, ethnicity, and prior
cesarean.
Met inclusion criteria; no hydrotherapy in labor
All non-water deliveries at a low-risk birth facility
NSVD
Vaginal delivery; met inclusion criteria; no
hydrotherapy in labor
NSVD; eligible for waterbirth; no uterotonic use.
Eligible for waterbirth; hydrotherapy during labor
only.
Vaginal delivery; matched on age and parity.
Unable to determine
Other vaginal deliveries
NSVD; eligible for waterbirth; no hydrotherapy
during labor, matched for age, BMI, and parity.
NSVD; eligible for waterbirth; matched on age and
gestation.
Unable to determine
Met inclusion criteria; no hydrotherapy during labor
NSVD; eligible for waterbirth; matched for age and
parity.
NSVD; eligible for waterbirth; no hydrotherapy in
labor
Eligible for waterbirth
NSVD; matched on parity.
Unable to determine
Vaginal delivery; eligible for waterbirth; no
hydrotherapy in labor.
Matched on age, parity, and gestation (abstract
only)
Vaginal delivery; eligible for waterbirth.
NSVD; can use hydrotherapy during labor.
NSVD
Limited to primiparae
Limited to primiparae
Vaginal delivery; eligible for waterbirth.
Met inclusion criteria; randomly assigned
Met inclusion criteria
Met inclusion criteria; NSVD; can use hydrotherapy
during labor.
Met inclusion criteria; NSVD; no hydrotherapy in
labor.
Vaginal delivery; eligible for waterbirth.

Chaichian et al., 2009
Dahlen et al., 2013
Eldering and Selke, 1997
Fehervary et al., 2004
Garland and Jones, 1994
Garland and Jones, 2000

10.
11.
12.
13.

Gayiti et al., 2015
Geissbuehler et al., 2002
Geissbuehler et al., 2004
Ghasemi et al., 2013

Pallentova et al., 2003
Price, 1995
Regli et al., 1999
Ros, 2009

37. Zanetti-Dällenbach et al.,
2007
38. Zanetti-Dallenbach et al.,
2006
39. Ziolkowski et al., 2009

11
1,
2
2,
1,
1
1,

2
8, 11
2, 5, 6, 8, 11
2

1
1, 2, 4, 5, 6, 7, 8, 11
2, 4, 5, 8, 10, 12
1, 2, 5, 11
2
1, 2, 3, 9, 11
1, 2, 3, 5, 11
1/2, 4, 5
1/2 11
1, 2, 11
1, 2, 11
1/2
2, 3, 7, 8, 11
1, 2, 4, 10, 11
1, 2
1,
1,
1,
1,

2,
2,
2,
2,

4,
4,
3,
3,

8,
6,
5,
7,

1, 2, 3,
2, 11
1/2
5
8
1, 11
2, 5, 7,
2, 5, 7,
1, 2, 5,

11

12
11
6, 8
8

2, 8

8
8
8, 11

10
1

*

R, Retrospective; P, Prospective; C Cohort; MC, Matched Cohort; RCT Randomized Controlled Trial; NRCT, Non-randomized Clinical Trial.
R, 1) 1 min APGAR 2) 5 min APGAR 3) Resuscitation 4) Pneumonia 5) Any infection 6) Respiratory Distress 7) Neonatal hypothermia 8) Umbilical pH 9) Cord Avulsion 10)
Shoulder Dystocia 11) NICU Admission 12) Neonatal Death.
†

supported by two additional studies reporting no diﬀerence but not
including data needed for synthesis (studies 7 and 25 on Table 1).
Sensitivity analysis for risk of bias maintained the ﬁnding of no
diﬀerence. Cumulative meta-analysis revealed this ﬁnding has been
stable since ﬁrst reported in 1997.

Need for Resuscitation
Six studies provided data for synthesis of need for resuscitation (see
Fig. 6). Overall there was no diﬀerence in need for resuscitation
between water birth and conventional delivery (OR 0.77 95% CI
0.39–1.54). The non-signiﬁcant result remained during sensitivity
analysis. Cumulative meta-analysis revealed this ﬁnding has been
stable since ﬁrst reported in 1999.

Neonatal Hypothermia
Four studies provided data for neonatal hypothermia (see Fig. 8).
Synthesis revealed an association with water birth and reduced odds of
hypothermia (OR 0.56 95% CI 0.33–0.97). This appears to be due to
the large sample size and not clinical diﬀerences in odds of hypothermia because the mean neonatal temperature was within normal range

Umbilical pH
Seven studies provided data for synthesis of umbilical pH (see
Fig. 7). Overall there was no diﬀerence in umbilical pH between water
birth and conventional delivery (OR 0.97 95% CI 0.75–1.24), a ﬁnding
31
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has been stable since.
Respiratory Distress
Five studies provided data for synthesis of odds of respiratory
distress (see Fig. 11). Overall the synthesis favored water birth (OR
0.44 95% CI 0.25–0.75). In this synthesis, one large study was
responsible for nearly 50% of the weight. When this study was
removed, the outcome was no diﬀerence between water birth and
conventional delivery (OR 0.87 95% CI 0.41, 1.86), a ﬁnding supported
by the ﬁnding of no diﬀerence in the sensitivity analysis. Cumulative
meta-analysis without the large study indicated there has never been
evidence of a statistically signiﬁcant diﬀerence in respiratory distress
between water deliveries and conventional deliveries, however with
only three studies we are unable to determine the stability of this
ﬁnding.

Fig. 2. Risk of bias graph for meta-analysis of neonatal outcomes with hospital water
birth compared to conventional hospital delivery.

for both water birth and control groups in all studies reporting mean
temperatures. In the sensitivity analysis, the estimate was no diﬀerence
between water birth and conventional delivery. There were too few
studies reporting neonatal hypothermia to determine stability of this
ﬁnding over time.

NICU Admission
Seventeen studies provided data for synthesis of odds of NICU
admission (see Fig. 12). Overall the syntheses favored water birth (OR
0.70 95% CI 0.55, 0.90), while the two additional studies reported no
diﬀerence between water birth and conventional delivery (see studies
13 and 25 on Table 1). In the sensitivity analysis, there was no
diﬀerence in odds of NICU admission between water birth and
conventional delivery. Cumulative meta-analysis revealed this outcome
moved from no diﬀerence to favor water birth in 2001 and has been
stable since.

Infection
Measurement of infection included laboratory conﬁrmed cases,
cases treated per symptomology regardless of laboratory conﬁrmation,
and comparisons of contamination regardless of symptomology.
Studies reported a variety of cultured bacteria, colonization and
infections including pneumonia, conjunctivitis, “sticky cord”, and nasal
contamination. We divided the synthesis of infections into studies
reporting pneumonia and studies reporting other types of infections
due to the theoretical diﬀerence in risk for infection with water birth;
the risk for inhalation of water increases the risk for pneumonia
however the dilution of bacteria by the water may decrease risk for
topical infections.
Four studies provided data for pneumonia infections (see Fig. 9).
Overall there was no diﬀerence in odds of pneumonia between water
birth and conventional delivery (OR 1.88 95% CI 0.36–9.86). Though
one study was responsible for nearly half the weight in this analysis, the
outcome of no diﬀerence was consistent when that study was removed.
Thirteen studies provided data for non-pneumonia infections (see
Fig. 10). The synthesis revealed a lower odds of non-pneumonia
infections with water birth compared to conventional delivery (OR
0.60 95% CI 0.37–0.97). Two additional studies reported qualitative
results of no diﬀerence (see 13 and 29 in Table 1). In the sensitivity
analysis, there was no diﬀerence in odds of non-pneumonia infections
between water birth and conventional deliveries. Cumulative metaanalysis indicated this outcome ﬁrst favored water birth in 2004 and

Neonatal Death
Four studies reported estimates for neonatal death (see Fig. 13). In
this synthesis, there was no diﬀerence in odds of neonatal death
between water birth and conventional delivery (OR 0.83 95% CI 0.19–
3.39). Cumulative meta-analysis indicated there has never been
evidence of a statistically signiﬁcant diﬀerence in odds of neonatal
death between water birth and conventional delivery, but four studies
may be too few to determine the stability of an estimate for such a rare
outcome.
Additional Analyses
Generalizability
Stratiﬁcation to determine generalizability of ﬁndings across speciﬁc criteria or conditions was performed to the extent we were able
given the sparsity of reporting on eligibility criteria and practice
protocols. Full results of these syntheses are in Supplement 3.
The results were stable when synthesis was restricted to studies

Table 2
Results of meta-analysis of neonatal outcomes with hospital water birth compared to conventional delivery.
Outcome (Included studies by number)

Shoulder Dystocia (12, 22, 23, 38)
5-Minute APGAR (5, 10, 12, 15, 19, 20, 22–
24, 26–30, 35–37)
Resuscitation (15, 16, 22, 27, 28, 30)
Umbilical pH (1, 6, 22, 27, 34, 36, 37)
Neonatal Hypothermia (11, 22, 28, 36)
Pneumonia (12, 17, 28)
Non-pneumonia Infections (1, 7, 12, 14, 17,
23, 25-27, 33, 36, 37)
Respiratory Distress (7, 11, 25–27)
NICU Admission (3, 6, 7, 12, 15, 16, 18–20,
22, 23, 25, 26, 30, 35–37)
Neonatal Death (22, 25, 31, 35)

Total
Births

Meta-Analysis

Sensitivity Analysis
2

Odds Ratio (95%
CI)

Stable
Since

Q (p)

I

Odds Ratio
(95% CI)

Studies
Included

Total
Births

10,478
15,332

0.84 (0.43, 1.63)
0.92 (0.754, 1.11)

1999
1995

0%
0%

–
1.13 (0.68, 1.88)

–
10, 22, 27, 29

970

3,106
4,153
290
9,685
14,744

0.77
0.97
0.56
1.88
0.65

1.54)
1.24)
0.97)
9.86)
0.90)

1999
1997
2014
2004
2004

0%
0%
0%
0%
0%

1.27
1.09
0.60
–
0.60

22, 27
6, 22, 27, 34, 36
22, 36
–
7, 17, 25, 27, 34

9,144
39,155

0.44 (0.25, 0.75)
0.70 (0.55, 0.90)

1995
2003

44%
0%

0.79 (0.29, 2.14)
0.89 (0.52, 1.52)

13,749

0.83 (0.19, 3.69)

1999

0.92 (.82)
15.16
(.65)
2.27 (.81)
4.03 (.78)
3.25 (.52)
0.94 (.63)
9.61
(0.65)
7.11 (.13)
15.33
(.57)
1.08
(0.78)

0%

1.61 (0.20,
13.30)

(0.39,
(0.75,
(0.33,
(0.36,
(0.47,

(0.31, 5.21)
(0.79, 1.48)
(0.21, 1.65)
(0.35, 1.03)

All qualitatively reported outcomes were no significant difference but did not provide data necessary for inclusion in the meta-analysis.
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320
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Fig. 3. Forest plot of meta-analysis for 1-minute APGAR comparing hospital water birth to conventional delivery.

Eﬀect of Potential Bias
Results of sensitivity analysis for risk of bias is included in the
reporting of each outcome and on Table 2. A sensitivity analysis
stratifying synthesis by controlled trials and observational studies
revealed consistent ﬁndings of no diﬀerence between water birth and
conventional delivery for most outcomes, though synthesis of observational studies was in favor of water birth for NICU admission, nonpneumonia infections, and respiratory distress (see Supplement 5). The
consistency of the two analyses suggest that, though biases may move
estimates for some outcomes to favor water birth, these biases are not
obscuring evidence of poor outcomes with water birth.

reporting explicit water birth eligibility criteria, with all results either
the same as the main analyses or, in the case of odds of neonatal
hypothermia and odds of NICU admission, no diﬀerence. These
analyses included requiring evidence of estimated fetal weight to be
within normal limits, evidence of established progression of labor,
exclusion from water birth due to meconium stained ﬂuid, allowing
entry to water with ruptured membranes, and excluding women with
prior cesarean.
The only water birth practice characteristic with suﬃcient data to
test stability of ﬁndings was the speed with which the infant was
removed from the water. We found no diﬀerence in reported outcomes
when studies required immediate removal of the infant from water.
The ﬁndings remained stable when synthesis was restricted for
speciﬁc control group characteristics with results either the same as the
main analysis or no diﬀerence. These analyses included studies with
control groups that used either analgesia or uterotonics at a higher rate
than the water birth group and restricting the study to women without
prior cesarean. Because water birth is generally considered to be a pain
management intervention, restriction of the synthesis to studies in
which the control group had a higher proportion of analgesia use than
the water birth group may be most similar comparison to what a
hospital may expect when implementing a water birth program. In that
analysis, there were no diﬀerences between water birth and conventional delivery in any outcome reported in two or more studies.

Wrong Statistic
The results of the sensitivity analysis estimating the correct
statistics for matched data were no diﬀerence for most outcomes,
and in favor or water birth for neonatal hypothermia and nonpneumonia infections (see Supplement 6). This ﬁnding suggests use
of the correct test statistic is unlikely to have altered the results of the
synthesis.
Stability over Time
Results of cumulative meta-analysis are included in the reporting of
each outcome. The cumulative meta-analysis revealed there has never
been a time when evidence indicated an association between water
birth and any poor neonatal outcome. Based on the number of studies
synthesized, the stability of the estimates over time suggests future
research is unlikely to change the synthesized estimate for 5-minute
APGAR, need for resuscitation, umbilical pH, non-pneumonia infections, and NICU admission.

Publication Bias
Inspection of the funnel plot with observed and imputed studies for
each outcome revealed adjusted point estimates equal to or more in
favor of water birth for each outcome, suggesting no publication bias in
favor of water birth. Funnel plots have been provided in Supplement 4.

Fig. 4. Forest plot of meta-analysis for shoulder dystocia comparing hospital water birth to conventional delivery.
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Fig. 5. Forest plot of meta-analysis for 5-minute APGAR comparing hospital water birth to conventional delivery.

protocols, the stability of the ﬁndings when analysis was restricted to
those criteria speciﬁcally deﬁned in the included studies supports the
safety of all protocols included in this study. Future research should
examine existing water birth protocols to identify areas of variation and
to test for associations between protocol characteristics and neonatal
outcomes.
These results show water birth associated with lower odds of some
outcomes, but the lower odds did not persist when studies at risk for
bias in favor of water birth were removed from the synthesis. It is
physiologically unlikely that delivery under water reduces odds of
NICU admission or respiratory distress. Instead, these ﬁndings likely
provide evidence that practitioners correctly identify the cases where a
fetus may be compromised, allowing removal of the woman from the
water before delivery. The lower odds of non-pneumonia infections
with water birth raise the question of the eﬀects of water birth on
colonization of the neonate for the normal microbiome and pathologic
bacteria. Though sensitivity analysis for risk of bias was performed, our
deﬁnitions of confounding and selection bias were intended to address
questions of overall neonatal wellbeing and may not account for
sources of potential bias in the study of topical colonization of the
neonate. This association should be further investigated to understand
associations between colonization of the neonate and delivery under
water.
This study was limited by the availability of published studies and
the data available in the articles. Our search was conducted using
English keywords, which limited our ability to identify studies without
English abstracts. Additionally, we were unable to locate four studies

Discussion
This study used statistical techniques that allowed us to create the
largest synthesis of neonatal outcomes with waterbirth to date. This
review of 39 studies reporting estimates for 12 diﬀerent neonatal
outcomes did not ﬁnd evidence of an increased odds of poor neonatal
outcome with water birth compared to conventional delivery. The
ﬁndings from this study agree with the two meta-analyses published
while this study was being prepared (Davies et al., 2015; Taylor et al.,
2016). This study adds to the evidence by limiting the analysis to
hospital deliveries, which may be why only one outcome, 1-minute
APGAR, had heterogeneity. This study also adds to the evidence by
using statistical techniques that allowed a wider range of studies to be
combined and by testing the stability of these ﬁndings when assumptions about the studies changed. Based on the cumulative metaanalysis, these ﬁndings for several outcomes are unlikely to be changed
with additional research.
Heterogeneity exists when the studies have enough variation in the
intervention being tested that we can no longer assume we are
measuring one thing. We expected heterogeneity given the diﬀerences
in reported study characteristics and the assumed diﬀerences in
standard practice based on the wide range of year and location for
the studies. The only synthesis found to have heterogeneity was 1minute APGAR. The consistency of the estimates suggests there was
little diﬀerence in safety between the studies with the most and least
restrictive water birth eligibility criteria. Though we could not speciﬁcally test for diﬀerences based on water birth eligibility criteria and

Fig. 6. Forest plot of meta-analysis for need for resuscitation comparing hospital water birth to conventional delivery.

34

Midwifery 59 (2018) 27–38

J. Vanderlaan et al.

Fig. 7. Forest plot of meta-analysis for umbilical pH comparing hospital water birth to conventional delivery.

Fig. 8. Forest plot of meta-analysis for neonatal hypothermia comparing hospital water birth to conventional delivery.

Fig. 9. Forest plot of meta-analysis for pneumonia comparing hospital water birth to conventional delivery.

on Obstetric Practice, 2017). Though this study was able to provide
some evidence of the stability of ﬁndings for speciﬁc hospital water
birth policies, future research should begin to focus on the best criteria
for eligibility and exclusion from second stage hydrotherapy to provide
clear clinical practice guidance that allows the widest access to water
birth while maintaining optimal patient safety and equivalent neonatal
outcomes. Such research can expand evidence for hospital policy
makers by including measurement of quality outcomes such as
iatrogenic neonatal sepsis and exclusive breastfeeding (American
College of Nurse-Midwives, 2014; Roberts and Milton, 2015).

identiﬁed through our search (see Supplement 2 for excluded studies).
This study was delimited to include only hospital births to provide
evidence for use by hospitals. Results of this synthesis should not be
assumed to represent diﬀerences between water birth and conventional
birth in out of hospital settings.
This study was the most comprehensive attempt to synthesize the
evidence about neonatal outcomes with water birth to date. In addition
to ﬁnding no increased odds of poor neonatal outcomes with water
birth compared to conventional delivery practice, the analysis revealed
this ﬁnding was stable for many outcomes and is unlikely to change
with future research. As such, water immersion during second stage
may be considered a safe non-pharmacologic method for managing
labor pain. Water immersion during second stage should be considered
among the tools hospitals use to promote physiologic birth and made
available to all low risk women who wish to use this method for pain
management (American College of Nurse-Midwives, 2014; Committee
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Fig. 10. Forest plot of meta-analysis for non-pneumonia infections comparing hospital water birth to conventional delivery.

Fig. 11. Forest plot of meta-analysis for respiratory distress comparing hospital water birth to conventional delivery.

Fig. 12. Forest plot of meta-analysis for neonatal intensive care unit admission comparing hospital water birth to conventional delivery.
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Fig. 13. Forest plot of meta-analysis for neonatal death comparing hospital water birth to conventional delivery.
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