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Abstract

To systematically review and meta-analyze research investigating the association between maternal anxiety during pregnancy
and outcomes for mother and baby following the immediate delivery period. MEDLINE, Medline In-Process & Other Non-
Indexed Citations, PsycINFO, Embase, CINAHL, and the Cochrane library were searched. English-language, prospective
studies providing data on outcomes following delivery in women with and without antenatal anxiety (defined by clinical
diagnosis or score on validated scale) were included. Three-hundred-fifty-eight articles were retrieved and 13 were included.
Titles and abstracts were screened; two reviewers independently reviewed full text articles, conducted quality assessments,
extracted, and checked the data. Where available for > 2 studies, random effect meta-analysis was conducted and heterogeneity
was quantified. Subanalyses explored moderators, regardless of heterogeneity, including type of anxiety assessment and timing,
among others. There were two outcomes that were amenable to meta-analysis. Antenatal anxiety was significantly associated
with postpartum depression (PPD) measured within 6 months postpartum (pooled odds ratio [OR] =2.64, 95% CI 2.02-3.46; 8
studies), regardless of restricting analyses to those studies controlling for prenatal depression (2.45, 1.77-3.39; 6 studies).
Associations were also significant when PPD was measured at 1-3 months (2.57, 1.94-3.40; 7 studies) and 6—10 months
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(4.42, 1.45-13.49; 3 studies). Maternal anxiety was also associated with reduced odds of breastfeeding (0.63, 0.53-0.74; 5
studies). Antenatal anxiety is associated with PPD up to the first 10 months, independent of prenatal depression, and with lower

odds of breastfeeding.

Keywords Antenatal anxiety - Postpartum outcomes - Postpartum depression - Breastfeeding

Introduction

Poor mental health during the perinatal period is not uncom-
mon and has major implications for the well-being of mothers
and their children (ACOG 2008; MacQueen et al. 2016).
There is increasing recognition that anxiety during pregnancy
is particularly widespread, with a prevalence of 15.2% for an
anxiety disorder and 22.9% for anxiety symptoms (Dennis
et al. (2017), and possibly more common than depression
(Fairbrother et al. 2016; Lee et al. 2007; Martini et al. 2015).
While only recently gaining research attention, antenatal anx-
iety appears to be associated with adverse outcomes for both
mother and baby following the immediate delivery period
including an increased risk of postpartum hemorrhage
(Pavlov et al. 2014), neonatal morbidity (Lilliecreutz et al.
2011), and elevated maternal symptoms of depression and
anxiety during the postpartum (Davey et al. 2011; Heron
et al. 2004; Sutter-Dallay et al. 2004) to list a few.
Unfortunately, divergent conclusions have limited the clinical
utility of this data, affecting a broad range of clinicians (psy-
chiatrists, obstetricians, pediatricians, family doctors, nurse
practitioners, midwives, etc.). For example, Davey et al.
(2011) found that antenatal anxiety was associated with post-
partum depressive symptoms at 8 weeks, whereas Coelho
et al. (2011) did not at 10-12 weeks postpartum. To our
knowledge, while reviews (i.e., Alder et al. 2007) and meta-
analyses (Ding et al. 2014; Littleton et al. 2007; Rose et al.
2016) have been conducted, they have been limited and a
comprehensive meta-analysis quantifying the potential ad-
verse outcomes following delivery is lacking but necessary
to inform treatment decisions. As part of a larger program of
research examining the impact of antenatal anxiety on mater-
nal, fetal, and neonatal outcomes, we conducted a large sys-
tematic review and meta-analyses, where possible. The pur-
pose of this paper is to report on the outcomes for the mother
following the immediate delivery period.

Methods

Search strategy and selection criteria

The systematic literature review was steered by an Advisory
Committee of key stakeholders, including representatives

from psychiatry, primary care/family medicine, pharmacolo-
gy, obstetrics, neonatology, public health, and patient
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advocacy. Details of the methods have been previously pub-
lished for our work on depression and are similar (Ross et al.
2011), and we followed the guidelines of the Meta-analysis of
Observational Studies in Epidemiology group (Stroup et al.
2000). Independent literature searches were conducted by two
professional librarians with psychiatry and psychopharmacol-
ogy expertise. Searches were done to June 30, 2018 and in-
cluded Ovid Medline, Medline In-Process & Other Non-
Indexed Citations, PsycINFO, CINAHL, Embase, and the
Cochrane Library. Keywords used included, but were not lim-
ited to, anxiety/phobia, posttraumatic stress disorder, panic
disorder, obsessive compulsive disorder, pregnancy, prenatal
or antenatal, postpartum, outcome, infant development, at-
tachment, maternal outcomes (i.e., postpartum hemorrhage,
preeclampsia, breastfeeding), adverse events, and postpartum
depression. One search strategy was developed and tested
through an iterative process by an experienced medical infor-
mation specialist in consultation with the review team. Prior to
search execution, this core strategy was reviewed by another
senior information specialist using the Peer Review for
Electronic Search Strategies checklist (McGowan et al.
2016). Strategies included a combination of keywords (e.g.,
prenatal, anxiety, postpartum hemorrhage) and controlled vo-
cabulary (e.g., “Pregnancy,” “Anxiety Disorders,”
“Adverse”). Vocabulary and syntax were adjusted across da-
tabases and results were limited to human studies written in
the English language, excluding opinion pieces (full list of
keywords and full search strategy are available upon request).
We also searched reference lists of reviews, meta-analyses,
and the final selection of included articles. We adhered to
the PRISMA statement for reporting systematic reviews and
meta-analyses (Moher et al. 2009).

Studies with original data were eligible if collected pro-
spectively and included an assessment of maternal anxiety at
any time during pregnancy as well as an unexposed compar-
ison group. Maternal anxiety assessments included either a
clinical diagnosis of any anxiety disorder or use of a validated
anxiety self-report tool with a cutoff score to distinguish high-
and low-anxiety groups. We excluded pregnancy-specific/
pregnancy-related anxiety as this characterizes a distinct con-
cept that is not well measured by current scales (Bayrampour
et al. 2016). All studies that examined outcomes in the baby
and/or mother during the delivery, neonatal, and/or postpar-
tum/developmental periods were accepted. When a sample
was repeated in > | publication, the article that most closely
addressed our research question was chosen. We excluded
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studies that pooled antenatal and postpartum anxiety scores
and studies with adolescent samples. Due to the volume of
potentially eligible studies, abstracts, conference proceedings,
and unpublished data were also excluded. Eligible studies
were excluded if outcome data was not comparable to data
from at least two other studies (or if the outcome definition did
not match that of at least two other studies). Two reviewers
(MP, LM, or MG) independently screened all titles and ab-
stracts and retrieved all eligible studies. We contacted five
authors to request raw data to include or clarification of
methodology/data analysis and two replied.

Data analysis

The methodology for data extraction and quality assessment
was similar to that developed by our team for prenatal depres-
sion and perinatal outcomes (Ross et al. 2011). Data extraction
forms, based on the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) criteria
(von Elm et al. 2007), were completed for each eligible study.
Extracted data included authors, year of publication, source
country, details of study design, participants (sample, control,
demographics, and clinical characteristics), inclusion/
exclusion criteria, method and type of anxiety assessment,
timing of anxiety assessment, outcome definitions and their
assessment methods, statistical adjustment for confounders,
and loss to follow-up. When outcomes from multiple postpar-
tum time points were presented, we extracted only data that
approximated time points from other studies and thus could be
reasonably aggregated so that we could pool at least three
studies. Adjusted estimates, with their variances, were extract-
ed when available; when adjusted estimates were not provided
in the published data we calculated crude odds ratios or mean
differences and sample variances. Before calculating the odds
ratio for studies that included cells with a 0 count, we added
0.5 to these cells. Data was extracted by one reviewer (MP or
MG) and checked by another reviewer and/or the lead authors.
Disagreements were resolved by the primary authors, in dis-
cussion with the reviewer. Outcomes examined were as de-
fined by the authors of the original publication.

The Systematic Assessment of Quality in Observational
Research (SAQOR) was used to assess the quality of included
studies. The SAQOR, based on the Downs and Black (1998)
checklist and the Newcastle-Ottawa Scale (Wells et al. 2006),
was adapted for this specific area of research as previously
described (Ross et al. 2011). Articles were assessed by 19
criteria under five categories: (1) sample, (2) control group,
(3) quality of exposure/outcome measure, (4) follow-up, and
(5) distorting influences/control for confounders. Each article
was assigned a quality rating of high, moderate, low, or very
low based on the SAQOR criteria and a modification of the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) system (Guyatt et al. 2008). Two

independent reviewers (MP, LM, or MG) completed the qual-
ity assessments for each study and disagreements were re-
solved on a case-by-case basis by discussion among re-
viewers, including the study leads as needed, until consensus
was reached. Quality ratings were dichotomized into “above
quality threshold” (high, moderate, and low) and “below qual-
ity threshold” (very low).

The DerSimonian and Laird random effect models were
used to obtain pooled estimates of the odds ratio for binary
outcomes (DerSimonian and Laird 1986). Where relative risks
were given, they were treated as odds ratios, given that events
were typically rare but these were few in numbers. To assess
for the possibility of publication bias, we visually inspected
funnel plots portraying individual study estimates (on the log
scale for odds ratios) against their standard error. Egger’s
weighted regression method was used to formally test for
publication bias (Egger et al. 1997). Cochrane Q and visual
inspection of forest plots were used to assess between-study
heterogeneity, which was quantified by 7, the percentage of
the observed between-study variance in the effect estimate that
is in excess of what is expected due to chance. Larger values
of I* suggest that the effect of anxiety varies quantitatively
from study to study. It has been suggested to characterize the
amount of heterogeneity into three: low (/* = 25%), moderate
(P =50%), and high (* = 75%) (Huedo-Medina et al. 2006).
However, P does not indicate qualitative variation, whether
the direction of the effect varies—high heterogeneity in the
size of an effect can still exist in the context of a large degree
of certainty about the direction of the effect.

We explored sources of heterogeneity through subgroup
analyses, regardless of the statistical significance of the Q
statistic for an outcome. These subgroup analyses examined
within-group effects and between-group differences in pooled
effects based on a number of study characteristics chosen a
priori: (1) study quality (i.e., study quality (above and below
quality threshold)), (2) use of a diagnostic measure of anxiety
versus cutoff score of self-reported anxiety on a validated
scale, (3) adjusted estimates versus unadjusted estimates, (4)
assessment time in pregnancy, (5) registry data versus non-
registry data, and (6) source country. Fixed effect models were
used in subgroup analyses with < 3 papers. Statistical analyses
were completed with the metafor package in R (3.3.2) and
similar to our other work (Grigoriadis et al. 2013); Review
Manager (RevMan) version 5.3 for Windows (Review
Manager version 5.3, Cochrane Collaboration; http://tech.
cochrane.org/revman) was used to generate forest plots.

Results
Of the 1518 abstracts reviewed, 1160 were excluded; the re-

maining 358 articles were retrieved and assessed for eligibil-
ity, and of these, 13 studies were included in the meta-analysis
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Fig. 1 Identification of studies for
inclusion in the meta-analysis of

Records identified through database searching
(n=34,851)

Records identified through other sources
(n=69)

the association of antenatal
anxiety with perinatal outcomes

¥

Records screened after duplicates removed (n = 23,042) ‘

—
—

Records excluded after title and abstract screening (n = 21,524) ‘

Records excluded after abstracts reviewed (n = 1,160) |

Full-text articles assessed for eligibility (n = 358) ‘

Full-text articles excluded (n = 345):
Exposure not in pregnancy (n=11)
Pregnancy-specific anxiety or fear of childbirth (n = 28)

A 4

Language (n=7)

Conference abstract, dissertation, or review (n = 18)
Antenatal anxiety pooled with other constructs (n = 15)
Anxiety is not an exposure variable (n = 14)
Cross-sectional, retrospective or case report (n = 14)
No comparison group (n = 56)

No comparable outcomes (n = 22)
Perinatal outcomes (n = 92)

Repeated sample (n= 1)

Insufficient data (n = 10)

Adolescent sample (n = 5)

Anxiety assessed with a non-validated tool (n =7)
Other (n = 45)

Studies included in meta-analysis (n = 13)

(Fig. 1). Data suitable for the purposes of our analyses were
available from eight studies on postpartum depression and five
studies of breastfeeding (Table 1). As can be seen in Fig. 1,
there were 22 papers that had outcomes which we could not
aggregate and thus were not sufficient for meta-analysis.
Specifically, we identified seven studies on behavioral out-
comes in the child across a wide variety of ages, three studies
on cortisol (two of which utilized the same sample); one study
each of excessive infant crying, infant colic, and infant feeding
and crying outcomes (two of which utilized the same sample);
two studies on cognitive control in the child; and one study
each on infant temperament, atypical handedness, cardiovas-
cular development, vascular function, asthma, intention to
breastfeed, and autism spectrum disorder or attention-deficit
hyperactivity disorder.

Postpartum depression

Of the eight studies that examined the association between
antenatal anxiety (AA) and postpartum depression (PPD), half
were above quality threshold established for this study. Three
studies (Coelho et al. 2011; Rambelli et al. 2010; Sutter-
Dallay et al. 2004) included a diagnosis of an anxiety disorder
during pregnancy while the remaining studies measured ante-
natal anxiety with a cutoff score on a validated self-report
scale. Five studies (Austin et al. 2007; Davey et al. 2011;
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Lee et al. 2007; Soderquist et al. 2009; Sutter-Dallay et al.
2004) reported PPD measured at 1-3 months postpartum only,
two studies (Coelho et al. 2011; Heron et al. 2004) assessed
PPD at both earlier and later time points (i.e., at 1-3 months
and 810 months postpartum), and one study measured PPD
at 6 months (Rambelli et al. 2010). Thus, we conducted one
overall analysis for PPD measured at any time up to 6 months
postpartum (n = 8), and separate analyses for PPD assessed at
1-3 months (n=7) and at 6-10 months (n = 3).

Pooling eight studies, based on data from approximately
1708 women with antenatal anxiety and 9806 women without
antenatal anxiety,' maternal antenatal anxiety was significant-
ly associated with an increased risk of PPD when measured up
to 6 months postpartum (OR =2.64, 95% CI 2.02 to 3.46,
p <0.01; Fig. 2). Heterogeneity across studies was not signif-
icant (0, = 8.38, p=0.30, I* = 16%). None of the subanalyses
examining moderators were significant, although it is worth
noting that the OR for studies that utilized a diagnostic mea-
sure of antenatal anxiety (n = 3) pooled to an OR > 3 (Table 2).
The association was attenuated but still highly significant
when pooling studies that adjusted for the presence of prenatal
depression (n=6) (OR =2.45,95% CI 1.77t03.39, p < 0.01).

" Two studies provided only the total sample size but not the number of
women with and without antenatal anxiety (Lee et al. 2007; Soderquist et al.
2009).
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Antenatal anxiety was associated with a significantly in-
creased risk of PPD measured at 1-3 months postpartum when
pooling seven studies (OR=2.57, 95% CI 1.94 to 3.40,
p<0.01). Heterogeneity was not significant (Qg=7.38, p=
0.29, > = 18%). Anxiety during pregnancy was also signifi-
cantly associated with an increased risk of PPD at 6—
10 months postpartum when pooling three studies (OR =
4.42, 95% CI 1.45 to 13.49); however, there was significant
heterogeneity across studies in this last analysis, accounting
for 73% of the variance (Q, =7.31, p=0.03, P= 73%).

Breastfeeding

Of the five studies included in the meta-analysis of
breastfeeding (see Table 1 for definitions of breastfeeding as
provided by the authors), two studies (Lilliecreutz et al. 2011;
Mehta et al. 2011) were above quality threshold established
for this study. Only one study examined the association be-
tween a diagnosed anxiety disorder in pregnancy (blood and
injection phobia) and breastfeeding (Lilliecreutz et al. 2011),
while the remaining four studies used a cutoff score on a
validated scale to characterize high antenatal anxiety.

The pooled effects of five studies found that antenatal ma-
ternal anxiety was associated with significantly lower odds of
breastfeeding (OR =0.63, 95% CI 0.53 to 0.74, p<0.01;
Fig. 3), based on 997 women with antenatal anxiety and 4831
women without antenatal anxiety. Heterogeneity was not sig-
nificant (Q4=3.53, p=0.47, P= 0%), and none of the sub-
group analyses indicated significant moderators (Table 2).

The assessment of publication bias was not possible for
PPD and breastfeeding outcomes using a funnel plot as there
were insufficient data to produce one. Likewise, for both out-
comes, the number of included studies was too low to conduct
Egger’s test. However, there was no evidence of asymmetry
based on visual inspection.

Discussion

To our knowledge, ours is the first meta-analysis to assess mul-
tiple outcomes following the delivery period potentially associ-
ated with exposure to maternal anxiety during pregnancy. We
found an association for anxiety during pregnancy and a greater
than two-fold increased risk of PPD within 6 months postpar-
tum, even when controlling for the presence of depression dur-
ing pregnancy. The significant effect was seen when PPD was
measured between 1 and 3 months postpartum and when mea-
sured up to 10 months postpartum. The magnitude of the OR
for the PPD outcome is above 2.5, where 2 is the threshold for
clinical significance in this area. The magnitude of this effect
size is clinically meaningful. Anxiety during pregnancy was
also associated with significantly decreased likelihood of
breastfeeding. The latter finding is perhaps not surprising given

the link between prenatal anxiety and PPD and between PPD
and breastfeeding difficulties and shorter breastfeeding duration
(Dennis and McQueen 2009). This finding is also consistent
with the depression literature and of about the same magnitude;
we previously reported that maternal depression was associated
with a lower likelihood of breastfeeding initiation (Grigoriadis
et al. 2013). Both of our findings have important clinical impli-
cations and consequences for the well-being of mothers, their
children, and their families.

Although our aim was to pool the data for many outcomes
during the postpartum given the presence of the literature, this
was not possible given the diverse outcome definitions used.
Thus, despite identifying 22 potentially eligible studies, we
were only able to meta-analyze two outcomes. This is a lim-
itation and reflects the status of the area in general. Another
limitation reflective of the area centers around differences
across studies in criteria for assessing antenatal anxiety and
its severity. Various definitions of anxiety were used and se-
verity was not controlled for, although we did conduct
subanalyses of studies that defined anxiety via self-report
scales compared to diagnosed disorders and found this to be
a nonsignificant moderator. Anxiety disorders are a heteroge-
neous category that included generalized anxiety disorder
(GAD), generalized social phobia (GSP), or both (Coelho
et al. 2011), panic disorder (Rambelli et al. 2010), blood and
injection phobia (Lilliecreutz et al. 2011), and any anxiety
disorder (Sutter-Dallay et al. 2004). High levels of anxiety
were defined by study authors based on cutoff scores on
self-report scales. These scales included the State-Trait
Anxiety Inventory (STAI) with assorted cutoff scores
(Austin et al. 2007; Brouwers et al. 2001; Clavarino et al.
2010; Soderquist et al. 2009), the Kellner Symptom
Questionnaire (Davey et al. 2011), Crown Crisp Experiential
Index (Heron et al. 2004), the Hospital Anxiety and
Depression Scale (HADS) (Lee et al. 2007), and the
Delusions Symptoms-States Inventory: State of Anxiety and
Depression anxiety subscale (Clavarino et al. 2010).
“Anxiety” is a general category; a specific phobia, which is
an anxiety disorder, may have different implications than a
generalized anxiety disorder which by definition is more per-
vasive but both are defined as a disorder when they cause
functional limitation. Although a diagnosis is based on func-
tional limitation, a score on a self-report measure is just that
with typically no reference to functioning. The majority of the
studies used a self-report measure and thus a general measure
of anxiety; future research can examine if there is a relation-
ship with a specific anxiety disorder versus a “generalized
anxious state” as well as severity. We were unable to assess
for publication bias as there were too few studies. Moreover,
just over half of the studies were of lower quality which is
striking and further indicative of the “primitive” stage of the
literature in the perinatal area. Given the impact on genera-
tions, perinatal psychiatry must become a research priority.
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Fig. 2 Pooled association
between antenatal anxiety and
postpartum depression within
6 months postpartum

Study

2004, Heron

2004, Sutter-Dallay
2007, Austin

2007, Lee

2009, Soderquist
2010, Rambelli
2011, Coelho

2011, Davey

Random effects model

Odds Ratio Weight
OR 95% CI (random)
— 210 [1.60; 2.76] 41.9%
s 2.70 [1.13; 6.46] 8.5%
— 1.28 [0.51; 3.23] 7.7%
- 3.84 [1.92; 7.66] 12.7%
———— 430 [1.77;10.43] 8.3%
———— 425 [1.48;12.20] 6.0%
- 4.57 [0.98; 21.25] 3.0%
—i— 3.07 [1.50; 6.28] 11.9%
< _
< 2.64 [2.02; 3.46] 100.0%

0.1 02" 2 L[]

Heterogeneity: I* = 16%, ° = 0.03, y,” = 8.38 (p = 0.30)

Test for overall effect : z=7.05 (p < 0.01)

Postpartum depression

A major strength of our work is its contribution to a better
understanding of the risk factors for PPD, which represents a
significant public health concern due to its high prevalence
(prevalence rate for a major depressive episode in the first
postpartum year is 13% (O’Hara and Swain 1996)) in combi-
nation with adverse effects on both mother and child.
Particularly disquieting are recent studies reaffirming the link
between depression and anxiety with suicide during the peri-
natal period (Grigoriadis et al. 2017; Khalifeh et al. 2016).
Although recent reviews have confirmed that anxiety during
pregnancy is a significant risk factor for PPD (Goodman et al.
2014; Norhayati et al. 2015), the strength of this relationship
was not previously appreciated to our knowledge. Robertson
et al. (2004) described the effect size for antenatal anxiety as a
risk factor for PPD as strong/moderate and similar in magni-
tude to that of depression during pregnancy, but our meta-
analysis provides a pooled effect size with updated literature.
Although it is difficult to know exact baseline rates, we can
make estimates with information we do have. The baseline
rate for PPD is about 13% (O’Hara and Swain 1996). For
simplicity, if we assume that about 10% of women with
PPD do not have anxiety, and with our OR of 2.64, the risk
difference with an anxiety disorder in pregnancy becomes
about 13%. That is, if we took 100 women with an anxiety
disorder and treated them to remission, then we would see 13
fewer cases of PPD. At the population level, assuming 10%
rate for PPD (without anxiety), and 15.2% for an antenatal
anxiety disorder (Dennis et al. 2017), the calculation works
out to 16.7% of cases of PPD being attributable to anxiety,
assuming all else is equal. Although these numbers are estimates,
it is clear that antenatal anxiety is a substantial risk factor.
Furthermore, another strength of our work is our analy-
ses controlling for the presence of prenatal depression
which is both highly comorbid with prenatal anxiety
(Goodman et al. 2014; Littleton et al. 2007) and itself a
significant risk factor for PPD (Norhayati et al. 2015;
Robertson et al. 2004; Underwood, Waldie, D’Souza,

@ Springer

Peterson, & Morton 2016) and thus a potential moderator
of the association between antenatal anxiety and PPD. For
example, depression can relapse during the postpartum and
the antenatal depression may be the predictor of a subsequent
episode rather than anxiety. Both subanalyses (controlling ver-
sus not for depression) were significant however, although the
magnitude of the effect was lower for studies that controlled
for prenatal depression. Finally, our results are strengthened
and made clinically relevant by inclusion of a broad time span
in assessing for PPD and assessing it at different time points
across the first postpartum year. Although PPD is “purely”
diagnosed as occurring within the first 4 weeks postpartum
in the DSM-5, it is widely understood that depression can
occur beyond this restrictive window including up to 6 months
(Sharma and Mazmanian 2014) or 12 months postpartum, as
reflected in research which does not restrict to the first 4 weeks
typically (Dennis et al. 2012; Goodman et al. 2014; Norhayati
et al. 2015; O’Hara and McCabe 2013). Our inclusion of
measuring it at about 10 months postpartum matches the time-
line of suicide reports in relation to postpartum mood and
anxiety disorders (Grigoriadis et al. 2017; Khalifeh et al.
2016), highlighting the importance of ongoing difficulties be-
yond the first month after giving birth.

A limitation follows from those discussed above; PPD was
assessed in different ways across studies. Only one study di-
agnosed PPD according to structured criteria (Rambelli et al.
2010); six defined PPD according to an EPDS cutoff of > 13
(Austin et al. 2007; Coelho et al. 2011; Davey et al. 2011,
Heron et al. 2004; Lee et al. 2007; Sutter-Dallay et al.
2004) and one study used a modified BDI score>9
(Soderquist et al. 2009). Thus, altogether, only one study
examined the association between a diagnosed anxiety
disorder in pregnancy and a diagnosis of PPD (Rambelli
et al. 2010). This once again speaks to the effects that
severity may play on potential consequences. Other stud-
ies also showed significant associations between antenatal
anxiety and PPD but were not included in our analysis,
most commonly because of the use of continuous mea-
sures of anxiety and/or depression; less common reasons
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Table 2 Effect of antenatal anxiety on postpartum depression and breastfeeding: meta-analysis results

Within group
Heterogeneity Effect of moderator
Analysis No. of studies ~ Odds ratio ormean P value Oy within P value P (percentage of Oy between P value
difference (95% CI) variance explained)
Postpartum depression
All studies 8 2.64 (2.02t03.46)  <0.01 8.38, 0.30 16.0
Study quality 0.00, 0.99
Above quality threshold 4 272 (1.88t03.92) <0.01 4.42;4 0.22 32.0
Below quality threshold 4 272 (1.57t04.71)  <0.01 3.79; 0.29 21.0
Diagnostic measure of anxiety 0.61; 0.43
Diagnostic 3 343 (1.85t06.35)  <0.01 0.58, 0.75 0.0
Not diagnostic 5 2.58(1.80t0 3.70)  <0.01 6.564 0.16 39.0
Any adjusted data 0.13, 0.72
Adjusted findings 7 2,66 (1.93t03.66)  <0.01 7.99¢ 0.24 25.0
Unadjusted findings 1 3.07 (1.50 to 6.28)"  <0.01
Anxiety assessment time 3.134 0.08
Second trimester 4 3.80 (2.47 to 5.84) <0.01 0.53, 0.91 0.0
Third trimester 4 2.30 (1.62 to 3.27) <0.01 4.134 0.25 27.0
Registry data
Registry 0
Non-registry 8 2.64(2.02t03.46) <0.01 8.38; 0.30 16.0
Country 0.27, 0.87
North America 1 3.07 (2.50 to 6.28)*  <0.01
Europe 5 2.55(1.88t03.46) <0.01 4.45, 0.35 10.0
Other 2 2.32(0.80t06.77)  0.12 3.48, 0.06 71.0
Control for prenatal depression 1.27, 0.26
Yes 6 2.45(1.77 to 3.39) <0.01 6.075 0.30 18.0
No 2 345(2.10t0 5.67)  <0.01 0.19, 0.66 0.0
Breastfeeding
All studies 5 0.63 (0.53t0 0.74)  <0.01 3.53,4 0.47 0.0
Study quality 0.25, 0.62
Above quality threshold 2 0.56 (0.31t0 1.00)  0.05 1.63, 0.20 39.0
Below quality threshold 3 0.65 (0.55 to 0.78) <0.01 0.82, 0.66 0.0
Diagnostic measure of anxiety 0.54 0.46
Diagnostic 1 0.87 (0.36 to 2.11)*  0.76
Not diagnostic 4 0.62 (0.53t00.73)  <0.01 3.03; 0.39 1.0
Any adjusted data 0.54, 0.46
Adjusted findings 1 0.87 (0.36 to 2.11)*  0.76
Unadjusted findings 4 0.62 (0.53t0 0.73)  <0.01 3.03; 0.39 1.0
Anxiety assessment time 0.25, 0.62
Any time in pregnancy 0
Second trimester 2 0.65 (0.53 to 0.79) <0.01 0.45, 0.50 0.0
Third trimester 3 0.58 (0.41t0 0.83)  <0.01 2.87, 0.24 30.0
Registry data
Registry 0
Non-registry 5 0.63(0.53t00.74)  <0.001  3.564 0.47 0.0
Country 2.83, 0.24
North America 1 0.46 (0.30t0 0.71)"  <0.01
Europe 3 0.73(0.52t0 1.02)  0.06 0.74, 0.69 0.0
Other 1 0.64 (0.52t0 0.78)"  <0.01

Pooled effect size estimated using random effect model unless otherwise specified

 Pooled effect size estimated using fixed effect model

for exclusion were presentation of unclear or unusable
data, use of a non-validated tool to assess antenatal anx-
iety, and aggregation of PPD across multiple postnatal
time points. Although the heterogeneity was very low,

which indicates consistency among the studies which ac-
tually strengthens our confidence in our results, neverthe-
less, future research must operationalize outcomes in

ways that can be easily replicated and summarized.
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Fig. 3 Pooled association Weight
between antenatal anxicty and Study Odds Ratio OR  95%-CI (random)
breastfeeding ,
2001, Brouwers I S 0.49 [0.18; 1.37] 2.5%
2010, Clavarino — 0.64 [0.52; 0.78] 62.6%
2011, Lilliecreutz —e—°—— 0.87 [0.36; 2.11] 3.3%
2011, Mehta —— 0.46 [0.30; 0.71] 13.7%
2015, Ibanez — 0.75 [0.51; 1.09] 17.9%
< —_—
Random effects model < 0.63 [0.53; 0.74] - 100.0%
Heterogeneity: /2 = 0%, 1°=0,%2=356 | I I !
(p=0.47) 0.2 05 1 2 5
Test for overall effect: z=-5.63 (p <0.01)
Breastfeeding It is important to note that breastfeeding can be challenging

It is widely understood that breastfeeding is an important con-
tributor to maternal and infant health, as echoed by the World
Health Organization and United Nations Children’s Fund’s
joint recommendation that infants be exclusively breastfed
for the first 6 months of life (WHO 2003). Nevertheless, glob-
al rates of exclusive breastfeeding to 6 months range from 37
to 47% (Fallon et al. 2016), suggesting a need to better under-
stand the contributors and barriers to breastfeeding practices.
To our knowledge, there has been only one systematic review
(Fallon et al. 2016) to date examining the association between
antenatal anxiety and infant feeding outcomes (specifically
breastfeeding intention, initiation, and duration); however, ac-
cording to the authors, too many inconsistencies in the defini-
tions of feeding outcomes precluded conducting a meta-
analysis of the data. Although they found that high levels of
antenatal anxiety were associated with decreases in
breastfeeding intention and exclusivity, they reported that
there was insufficient evidence to draw conclusions between
antenatal anxiety and infant feeding outcomes. Our conclu-
sions are also limited by methodological inconsistencies
across included studies on the type of breastfeeding outcomes
examined (Table 1). Our grouping of breastfeeding outcomes
included two outcomes defined by the authors as
breastfeeding initiation, although one article (Ibanez et al.
2015) assessed at hospital discharge while the other (Mehta
etal. 2011) asked about “ever breastfed”” at 3 months postpar-
tum. Two outcomes are listed by the authors as “breastfeeding,
yes/no” where the assessment time was unclear (Brouwers
et al. 2001; Lilliecreutz et al. 2011), and one outcome where
we chose to combine “breastfeeding for <4 months” with
“breastfeeding for 4+ months” in comparison to “never” to
be more comparable to other breastfeeding outcome group-
ings (Clavarino et al. 2010). The variation in definitions of
breastfeeding outcomes we noted here is similar to what has
been found in the depression and breastfeeding literature
(Pope and Mazmanian 2016). This field can be further
strengthened by a greater number of prospective studies fol-
lowing women from pregnancy, using standard definitions as
others have suggested (Dias and Figueiredo 2015; Pope and
Mazmanian 2016).

@ Springer

and is associated with a learning curve, pain initially for some
women, ongoing sleep deprivation, and fatigue. Breastfeeding
may not always be the right choice for women with mood and
anxiety issues when prioritizing their health as ongoing
frustration, sleep deprivation, and exhaustion may con-
tribute to a worsening prognosis. The primary aim of
any mother is to ensure her infant feeds. Moreover, with
other forms of feeding, the other parent can participate,
which supports the mother; support is a known protective
factor (Biaggi et al. 2016). Thus, not breastfeeding is not
necessarily an “adverse outcome,” but this is highly contro-
versial and beyond the scope of this paper but nevertheless
must be noted.

Conclusions

Antenatal anxiety is significantly associated with an increased
risk of postpartum depression and with decreased
breastfeeding, although the latter relationship is more tentative
given the limitations of the original studies. It is important to
fully understand the impact of antenatal anxiety as it may
herald further psychiatric issues and other outcomes which
can lead to further adversity. The pregnancy and postpartum
phases of life are ones that can have lasting effects on both the
mother and her family. It is imperative if we assess and treat
women suffering with significant anxiety at this remarkable
point in their lives to contribute to improving their outcomes.
Although our team was only able to meta-analyze two
outcomes, it is evident from the number of papers that
there has been attention paid to antenatal anxiety and
the potential consequences. Researchers must consider
using uniform definitions and criteria to advance the
field.
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