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ABSTRACT
Objective: This systematic review and meta-analysis examined the association between 
maternal antenatal anxiety (AA) and a range of perinatal outcomes.
Data Sources: Ovid MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
PsycINFO, CINAHL, Embase, and the Cochrane Library were searched to May 31, 2016, 
using controlled vocabulary and keywords (eg, prenatal, anxiety, preterm).
Study Selection: Perinatal outcomes of women with and without AA (diagnosed or self-
reported using validated scale) derived from English language, prospectively collected 
data were included. 1,458 abstracts were reviewed, 306 articles were retrieved, and 29 
articles were included.
Data Extraction: Two independent reviewers extracted data and assessed quality. 
Random-effects models were utilized for outcomes (≥ 3 studies). Subanalyses examined 
potential effect moderators including study quality and diagnostic versus self-reported 
anxiety among others.
Results: Antenatal anxiety was associated with increased odds for preterm birth 
(pooled odds ratio [OR] = 1.54; 95% confidence interval [CI], 1.39 to 1.70, 16 studies) and 
spontaneous preterm birth (OR = 1.41; 95% CI, 1.13 to 1.75), lower mean birth weight 
(mean difference = −55.96 g; 95% CI, −93.62 to −18.31 g), increased odds for low birth 
weight (OR = 1.80; 95% CI, 1.48 to 2.18), earlier gestational age (mean difference = −0.13 
wk; 95% CI, −0.22 to −0.04 wk), increased odds for being small for gestational age 
(OR = 1.48; 95% CI, 1.26 to 1.74), and smaller head circumference (mean difference = −0.25 
cm; 95% CI, −0.45 to −0.06 cm). Heterogeneity between studies was not significant for 
most outcomes. Subanalyses for birth weight found women with diagnosed anxiety had 
infants with significantly lower birth weight (P < .03) compared to those identified with 
rating scales (although both subanalyses were significant [P < .01]). Associations between 
anxiety and preeclampsia, cesarean delivery, and Apgar scores were nonsignificant.
Conclusions: Antenatal anxiety is associated with multiple adverse perinatal outcomes 
and is not benign. The impact of treating anxiety on these associations is unknown.
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Anxiety disorders are widespread 
psychiatric disorders appearing 

across the lifespan, including during 
pregnancy (the pooled prevalence during 
pregnancy is 15.2% for any anxiety disorder 
and 22.9% for anxiety symptoms).1 Some 
studies suggest elevated rates of certain 
anxiety disorders such as generalized 
anxiety disorder (8.5%–9.5%)2,3 compared 
to rates in the general population (3.1%)4 
over 1 year. As the disorders are common, 
understanding their effects on maternal 
and infant outcomes is important, yet 
studies to date5,6 have not provided 
uniform conclusions, resulting in a lack 
of information critical to evidence-based 
treatment decisions for anxiety during 
pregnancy.

Attention has historically focused 
on perinatal depression. For example, 
one systematic review7 noted 14 studies 
examining the effect of maternal depression 
on preterm birth (PTB) and only 4 studies 
examining maternal anxiety. Although 
research is beginning to focus on antenatal 
anxiety, syntheses of its impact on perinatal 
outcomes have not kept pace. To date, meta-
analyses of the effects of anxiety during 
pregnancy have been narrowly focused 
on preterm birth8,9 and low birth weight,9 
and while 2 systematic reviews10,11 have 
addressed a broader range of outcomes, 
results were inconsistent and, with newer 
published work, need to be readdressed. 
Given the high prevalence of antenatal 
anxiety and the preliminary recognition of 
its negative effect on maternal and infant 
outcomes, it is important to systematically 
summarize the literature across diverse 
outcomes.

Our work addresses the significant gap 
in the literature by extending previous 
meta-analytic work to include a broad 
range of clinically relevant outcomes. 
The purpose of this systematic review 
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s  ■ Treatment decisions for women with anxiety during 
pregnancy must consider the risks of anxiety itself on 
mothers and their infants, yet current understanding of 
these risks is incomplete.

 ■ Anxiety during pregnancy is associated with several 
negative birth outcomes, and pregnant women should 
therefore be screened for anxiety and be informed about 
these risks.

and meta-analysis was to synthesize available data on the 
association between exposure to antenatal anxiety and the 
risk of various perinatal outcomes. We pooled results from 
studies comparing outcomes in pregnancies exposed and 
unexposed to maternal anxiety. Moreover, we examined 
the potential effect of variables that may account for 
heterogeneity as modifying variables on outcomes such as 
a diagnosis of anxiety versus anxiety measured by rating 
scales, among others.

METHODS

Search Strategy and Selection Criteria
We conducted a systematic review and meta-analyses 

following the guidelines of the Meta-Analysis Of 
Observational Studies in Epidemiology group,12 using 
methods previously described.13 Briefly, the review was 
guided by an advisory committee of key stakeholders. 
Independent literature searches were conducted by 2 
professional librarians with expertise in psychiatry and 
psychopharmacology. As part of a broader search for studies 
of the impact of antenatal anxiety and medication use, 1 
librarian searched Ovid MEDLINE, MEDLINE In-Process 
and Other Non-Indexed Citations, PsycINFO, CINAHL, 
Embase, and the Cochrane Library from their start date 
to May 31, 2016. Keywords included, but were not limited 
to, anxiety/phobia, posttraumatic stress disorder, panic 
disorder, obsessive compulsive disorder, pregnancy, prenatal or 
antenatal, congenital malformations, cardiac malformation, 
preterm birth or premature delivery, low birth weight, birth 
weight, gestational age, Apgar, NICU, neonatal/infant 
outcomes, delivery outcomes, and preeclampsia. The second 
experienced medical information specialist’s search strategy 
was developed and tested through an iterative process in 
consultation with the review team, and the same databases 
were searched. This core strategy was reviewed prior to 
execution by another senior information specialist using the 
Evidence Based Checklist for the Peer Review of Electronic 
Search Strategies.14 Strategies utilized a combination of 
controlled vocabulary (eg, pregnancy, anxiety disorders) and 
keywords (eg, prenatal, anxiety, preterm) (full search strategy 
available from the authors upon request). Vocabulary and 
syntax were adjusted across databases. Results were limited 
to the English language, removing animal-only records and 
opinion pieces. Reference lists of reviews and meta-analyses 
were also searched. We followed the PRISMA statement for 
reporting systematic reviews and meta-analyses.15

Original prospectively collected data with an assessment 
of maternal anxiety any time during pregnancy and an 
unexposed comparison group of pregnant women without 
anxiety were considered. Maternal anxiety required either a 
clinical diagnosis of any anxiety disorder or use of a validated 
self-report anxiety measure with a cutoff score for high 
anxiety. Pregnancy-specific or pregnancy-related anxiety 
was not considered, as it is believed to represent a distinct 
concept not well measured by current scales.16 Outcomes in 
the infant or mother in the gestational and delivery periods 
were acceptable. When a sample was repeated in more than 
one publication, the article providing the most valid data 
relevant to our research question was chosen. One article 
presented 2 time points; as both were from the second 
trimester, the second time point with the larger sample size 
was used. For cases in which antenatal anxiety was assessed 
using multiple self-report measures, data representing the 
largest sample size were included. We excluded studies that 
pooled antenatal and postpartum anxiety scores, studies with 
adolescent samples, abstracts, conference proceedings, and 
unpublished data. Two reviewers independently screened all 
titles and abstracts and retrieved all eligible studies. Requests 
for raw data, clarification of methodology, or data analysis 
were sent to 9 authors; 4 responses were received.

Data Analysis
The quality assessment and data extraction methods were 

based on previously published methodology developed by 
our team.13 Two reviewers conducted quality assessments and 
extracted data. Disagreements were resolved on a case-by-
case basis by discussion with the study leads (S.G., L.G.), until 
consensus was reached. Study quality was assessed with the 
Systematic Assessment of Quality in Observational Research 
(SAQOR),13 adapted from the Downs and Black17 checklist 
and the Newcastle-Ottawa Scale.18 Articles were assessed 
under the following categories: (1) sample, (2) control group, 
(3) quality of exposure/outcome measure, (4) follow-up, and 
(5) distorting influences/control for confounders. Based 
on the SAQOR criteria and a modification of the Grading 
of Recommendations Assessment, Development and 
Evaluation (GRADE) system,19 each article was assigned a 
quality rating of high, moderate, low, or very low quality, 
further dichotomized into “above quality threshold” (high, 
moderate, and low) and “below quality threshold” (very low).

Data extraction procedures were based on the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) criteria.20 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, outcomes and their assessment methods and 
definitions, statistical adjustment for confounders, and loss 
to follow-up. Adjusted estimates with their variances were 
extracted when available; when adjusted estimates were not 
provided in the published data, we calculated crude odds 
ratios or mean differences and sample variances. Before 
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calculating the odds ratio for studies that included cells with 
a 0 count, we added 0.5 to these cells. Data were extracted by 
one reviewer and checked by another and the primary author 
(S.G.); disagreements were resolved by the primary author. 
Outcomes were as defined by the authors of the original 
publication.

DerSimonian and Laird21 random effects models were 
used to pool estimates of the odds ratio for binary outcomes 
and the weighted mean difference for continuous outcomes. 
In the few instances in which relative risks were given, 
they were treated as odds ratios, given that events were 
typically rare. We visually inspected funnel plots portraying 
individual study estimates (on the log scale for odds ratios) 
against their standard error to assess for the possibility of 
publication bias. The Egger weighted regression method 
was used to formally test for publication bias.22 Cochrane 
Q and visual inspection of forest plots were used to assess 
between-study heterogeneity, which was then quantified by 
I2, the percentage of the observed between-study variance 
in effects that is in excess of what is expected due to chance. 
Larger values of I2 suggest that the effect varies quantitatively 
from study to study. The amount of heterogeneity may be 
characterized as low, moderate, or high (I2 = 25%, 50%, or 
75%, respectively).23 However I2 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.

Regardless of the statistical significance of the Q statistic 
for an outcome, we explored sources of heterogeneity 
through subgroup analyses as they were planned a priori. 
These subgroup analyses examined within-group effects 
and between-group differences in pooled effects based on 
the following study characteristics: (1) study quality above 
versus below threshold; (2) anxiety identification using 
clinical diagnosis versus validated self-report measure with 
cutoff score; (3) adjusted versus unadjusted estimates; (4) 
antenatal assessment time; (5) registry versus non-registry 
data; and (6) source country. Additional subgroup analyses 
were completed for the following outcomes when data were 
available: (1) controlling for depression (preterm birth); 
(2) effect of specific anxiety diagnoses (preterm birth); 
(3) adjustment for gestational age (birth weight); and (4) 
percentile threshold (small for gestational age). Fixed-effects 
models were used in analyses with < 3 articles. Statistical 
analyses were completed with the metafor package in R 
(3.3.2) and similar to our other work.24 Forest plots were 
generated with Review Manager (RevMan) 5.3 for Windows 
(Review Manager version 5.3, Cochrane Collaboration, 
http://tech.cochrane.org/revman).

Figure 1. Identification of Studies for Inclusion in the Meta-Analysis of the Association 
of Antenatal Anxiety With Perinatal Outcomes

 

 

Records excluded after title and abstract screening (20,776) 

Records screened after duplicates removed (21,082) 

Records identi�ed through database searching 
(29,068) 

Records identi�ed through other sources 
(69) 

Studies included in meta-analysis (29) 

Full -text articles excluded (277): 
Exposure not in pregnancy (10) 

Pregnancy-speci�c anxiety or fear of childbirth (28) 
Language (7) 

Conference abstract, dissertation, or review (18) 
Antenatal anxiety pooled with other constructs (15) 

Anxiety is not an exposure variable (14) 
Cross-sectional, retrospective or case report (14) 

No comparison group (55) 
No comparable outcomes (52) 

Postpartum outcomes (33) 
Repeated sample (1)  
Insu�cient data (9)  

Adolescent sample (5) 
Anxiety assessed with a non-validated tool (6)  

Other (10) 

Full -text articles assessed for eligibility (306) 

http://tech.cochrane.org/revman
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RESULTS

Of the 1,458 articles for which abstracts were reviewed, 
1,152 were excluded based on title and abstract. Of the 
remaining 306 retrieved and assessed articles, 29 studies met 
the inclusion criteria (Figure 1) and were included in meta-
analyses5,6,25–51; 16 were above quality threshold and 13 were 
below. Detailed study characteristics are provided in Table 1. 
Suitable data were available for a total of 11 outcomes.

In 16 pooled studies, maternal antenatal anxiety was 
significantly associated with preterm birth (odds ratio 
[OR] = 1.54; 95% CI, 1.39 to 1.70; P < .0001; Figure 2A). 
Heterogeneity across studies was not significant (Q15 = 11.71, 
P = .70; I2 = 0%) as were none of the moderator variables 
(Table 2). Five studies with women experiencing antenatal 
posttraumatic stress disorder/symptoms specifically pooled 
to an OR similar to the main analyses and no heterogeneity 
(OR = 1.41; 95% CI, 1.20 to 1.67, P < .01). Regarding 
spontaneous preterm birth, 5 studies pooled to a significant 
effect (OR = 1.41; 95% CI, 1.13 to 1.75; P < .01; Figure 
2B), similar in magnitude to the main analysis, without 
heterogeneity. Interestingly, the moderators registry/non-
registry data and source country crossed the significance 
threshold (both Q1 = 3.80, P = .05), but the subgroups 
contained only 2 or 3 studies, while identification of anxiety 
by diagnostic versus non-diagnostic (self-report) measures 
approached borderline significance (Q1 = 3.23, P = .07); the 
remainder of the moderator analyses were not significant 
(Table 2).

Antenatal anxiety was associated with lower infant 
birth weight (continuous variable, 12 studies, mean 
difference = −55.96 g; 95% CI, −93.62 to −18.31 g; P = .004; 
Figure 2C). Significant heterogeneity across studies was 
present, accounting for 47% of the variance (Q11 = 20.83, 
P = .04; I2 = 47%). Infants of mothers experiencing diagnosed 
clinical anxiety were lower in birth weight than those whose 
mothers’ anxiety was assessed using a self-reported measure 
(mean difference = −143.47 g [95% CI, −240.27 to −46.67 g] 
versus −30.42 g [−51.87 to −8.97 g]; Q1 = 4.99, P = .03; Table 
2). An additional subanalysis examining adjustment for 
gestational age as a potential moderator was not significant.

The outcome “low birth weight” (typically defined 
as < 2,500 g, 11 studies, OR = 1.80; 95% CI, 1.48 to 2.18; 
P < .00001; Figure 2D) was significant, but heterogeneity 
across studies was not (Q10 = 10.19, P = .42; I2 = 2.0%). 
Although data from non-registry studies pooled to a 
considerably higher odds ratio (2.09) compared to registry 
studies (1.42) with a significant moderator (Q1 = 3.75, 
P = .05), both subanalyses were significant (Table 2).

Among 8 studies, gestational age (GA) at birth pooled 
to a significant effect (mean difference = −0.13 weeks; 95% 
CI, −0.22 to −0.04, P = .004; Figure 2E). Heterogeneity was 
not significant (Q7 = 7.11, P = .42; I2 = 2%), nor were any 
of the subgroup analyses (Table 2). The variable “small for 
gestational age” (SGA) was significantly associated with 
maternal anxiety (7 studies, OR = 1.48; 95% CI, 1.26 to 1.74; 
P < .0001; Figure 2F). Heterogeneity was not significant 

(Q6 = 3.05, P = .80; I2 = 0%), nor were any of the moderators 
(Table 2) including the definition of SGA (birth weight 
below 15th, 10th, or 2.5th percentile for GA). Smaller head 
circumference was also a significant outcome (4 studies, 
mean difference = −0.25 cm; 95% CI, −0.45 to −0.06 cm; 
P = .012. Figure 2G), and heterogeneity across studies was 
not significant (Q3 = 2.27, P = .52; I2 = 0%), nor were there 
any significant moderators (Table 2).

Apgar scores at 1 and 5 minutes did not pool to significant 
estimates. Four studies (OR = 1.70, 95% CI, 0.90 to 3.23; 
P = .10; Figure 3A) with minimal heterogeneity were used 
for the 1-minute score (Q3 = 4.83, P = .18; I2 = 38%) and 
5 studies for the 5-minute outcome (OR = 2.68; 95% CI, 
0.75 to 9.67; P = .13; Figure 3B); heterogeneity was slightly 
greater for the latter analysis (Q4 = 8.91, P = .06; I2 = 55%). 
Exposure to prenatal maternal anxiety was not significantly 
associated with preeclampsia (4 studies, OR = 3.30; 95% 
CI, 0.56 to 19.37; P = .19; Figure 3C); however, there was 
significant heterogeneity across studies, accounting for 78% 
of the variance (Q3 = 13.63, P < .01; I2 = 78%). None of the 
moderator subanalyses were significant (Table 2).

Based on 4 studies, exposure to antenatal anxiety was 
not associated with delivery by cesarean section (OR = 1.01, 
95% CI, 0.46 to 2.25; P = .97; Figure 3D), although there 
was significant heterogeneity accounting for 82.1% of 
the variance (Q3 = 20.26, P < .01; I2 = 85.0%). A number 
of moderator variables emerged as significant, including 
adjustment for confounders, anxiety assessment time, use of 
registry versus non-registry data, and country (Table 2), but 
the majority of subanalyses contained too few studies. When 
there was a sufficient number of studies in the subanalysis 
for meaningful interpretation (ie, > 3 studies), the ORs were 
not significant.

The assessment of publication bias was possible only 
for preterm birth, low birth weight, and birth weight, as 
data were not sufficient to produce a funnel plot for other 
outcomes. There was no evidence of asymmetry based on 
visual inspection, and the Egger test was not statistically 
significant for the aforementioned outcomes.

DISCUSSION

To our knowledge, this is the first meta-analysis to 
examine a wide range of perinatal outcomes in relation to 
maternal anxiety during pregnancy. We found significant 
associations between antenatal anxiety and 7 of the 11 
perinatal outcomes including preterm and spontaneous 
preterm birth, low birth weight and birth weight, gestational 
age, small for gestational age, and head circumference at 
birth. These observed associations were consistently 
significant, with little heterogeneity and few moderators 
significantly affecting the relationship. Only in studies that 
examined birth weight did we find significant between-
studies heterogeneity among those that included a clinical 
diagnosis of anxiety versus those that included a self-report 
measure. This was also seen (albeit at a trend level) in the 
analysis for spontaneous preterm birth and is a noteworthy 
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Antenatal Anxiety and Adverse Perinatal Outcomes

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)
Andersson et al, 200425 0.7 1.02 (0.30 to 3.46)
Berle et al, 200526 1.8 1.24 (0.58 to 2.64)
Bindt et al, 201327 0.8 1.80 (0.59 to 5.45)
Chen et al, 201030 5.6 1.43 (0.94 to 2.18)
Field et al, 201033 1.4 1.79 (0.76 to 4.21)
Ibanez et al, 201238 1.6 1.14 (0.52 to 2.49)
Lilliecreutz et al, 201140 0.6 3.58 (1.01 to 12.68)
McDonald et al, 201441 8.4 1.76 (1.25 to 2.48)
Männistö et al, 201642 31.8 1.68 (1.41 to 2.01)
Pavlov et al, 201445 7.0 1.92 (1.32 to 2.80)
Peacock et al, 199546 3.5 0.99 (0.58 to 1.68)
Rogal et al, 20075 0.8 2.72 (0.91 to 8.13)
Seng et al, 201147 3.1 1.38 (0.78 to 2.44)
Shaw et al, 20146 30.9 1.41 (1.18 to 1.69)
Xiong et al, 200850 0.2 0.80 (0.10 to 6.39)
Yonkers et al, 201451 1.7 1.22 (0.57 to 2.61)

Total (95% CI) 100.0 1.54 (1.39 to 1.70)
Heterogeneity: τ2 = 0.00; χ2

15 = 11.71 (P = .70); I2 = 0%
Test for overall effect: Z = 8.50 (P < .00001) 0.1 0.2 0.5 1 2 5 10

Figure 2. Significant Pool Associations Between Antenatal Anxiety and Perinatal Outcomes

A. Preterm Birth Following Exposure to Maternal Antenatal Anxiety

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)
Andersson et al, 200425 1.1 0.61 (0.08 to 4.63)
Ibanez et al, 201238 3.1 0.74 (0.22 to 2.47)
Männistö et al, 201642 36.6 1.73 (1.36 to 2.20)
Peacock et al, 199546 13.4 0.99 (0.58 to 1.68)
Shaw et al, 20146 45.7 1.41 (1.18 to 1.69)

Total (95% CI) 100.0 1.41 (1.13 to 1.75)
Heterogeneity: τ2 = 0.02; χ2

4 = 6.04 (P = .20); I2 = 34%
Test for overall effect: Z = 3.08 (P = .002) 0.1 0.2 0.5 1 2 5 10

B. Spontaneous Preterm Birth Following Exposure to Maternal Antenatal Anxiety

Study or Subgroup Weight, % Mean Difference (IV, Random, 95% CI) Mean Difference (IV, Random, 95% CI)

Bindt et al, 201327 10.3 17.10 (−74.55 to 108.75)
Broekman et al, 201428 1.9 −58.00 (−317.59 to 201.59)
Brouwers et al, 200129 2.3 −73.58 (−313.29 to 166.14)
Field et al, 201033 10.4 −156.41 (−247.35 to −65.47)
Groome et al, 199536 0.9 134.00 (−267.52 to 535.52)
Henrichs et al, 201037 22.2 −37.73 (−69.21 to −6.25)
Ibanez et al, 201238 9.8 −22.00 (−117.28 to 73.28)
Nasreen et al, 201043 10.7 −100.00 (−188.67 to −11.33)
O’Donnell et al, 201444 22.3 −18.00 (−49.16 to 13.16)
Rogal et al, 20075 3.6 −9.70 (−195.38 to 175.98)
Seng et al, 201147 4.9 −221.00 (−374.95 to −67.05)
Sjöström et al, 199748 0.9 −380.66 (−766.30 to 4.98)

Total (95% CI) 100.0 –55.96 (−93.62 to −18.31)
Heterogeneity: τ2 = 1405.49; χ2

11 = 20.83, (P = .04); I2 = 47%
Test for overall effect: Z = 2.91 (P = .004) −500 –250 0 250 500

C. Birth Weight (grams) Following Exposure to Maternal Antenatal Anxiety

(continued)
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Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)

Andersson et al, 200425 0.3 1.69 (0.10 to 29.41)
Chen et al, 201030 25.1 1.56 (1.13 to 2.15)
Goldenberg et al, 199135 22.9 1.47 (1.05 to 2.05)
Ibanez et al, 201238 9.4 1.26 (0.75 to 2.12)
Khashan et al, 201439 41.2 1.45 (1.13 to 1.86)
Lilliecreutz et al, 201140 0.8 6.45 (1.05 to 39.52)
Sjöström et al, 199748 0.3 1.69 (0.10 to 29.41)

Total (95% CI) 100.0 1.48 (1.26 to 1.74)
Heterogeneity: τ2 = 0.00; χ2

6 = 3.05 (P = .80); I2 = 0%
Test for overall effect: Z = 4.80 (P < .00001) 0.2 0.5 1 2 5

E. Gestational Age (weeks) Following Exposure to Maternal Antenatal Anxiety

D. Low Birth Weight Following Exposure to Maternal Antenatal Anxiety

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)

Andersson et al, 200425 1.6 1.66 (0.36 to 7.70)
Berle et al, 200526 3.0 2.08 (0.68 to 6.36)
Bindt et al, 201327 0.5 0.25 (0.01 to 4.21)
Chen et al, 201030 15.2 1.28 (0.78 to 2.10)
Clavarino et al, 201031 25.6 2.21 (1.52 to 3.21)
Field et al, 200334 4.7 3.63 (1.48 to 8.91)
Nasreen et al, 201043 17.6 2.08 (1.32 to 3.28)
Pavlov et al, 201445 21.0 1.44 (0.95 to 2.19)
Rogal et al, 20075 1.5 0.87 (0.18 to 4.19)
Seng et al, 201147 7.3 1.61 (0.79 to 3.31)
Xiong et al, 200850 2.0 3.10 (0.78 to 12.38)

Total (95% CI) 100.0 1.80 (1.48 to 2.18)
Heterogeneity: τ2 = 0.00; χ2

10 = 10.19, (P = .42); I2 = 2%
Test for overall effect: Z = 5.88 (P < .00001) 0.1 0.2 0.5 1 2 5 10

Study or Subgroup Weight, % Mean Difference (IV, Random, 95% CI) Mean Difference (IV, Random, 95% CI)
Bindt et al, 201327 4.1 −0.10 (−0.53 to 0.33)
Brouwers et al, 200129 2.2 −0.40 (−1.00 to 0.20)
Ibanez et al, 201238 5.8 −0.20 (−0.57 to 0.17)
Lilliecreutz et al, 201140 3.1 −0.40 (−0.90 to 0.10)
Nasreen et al, 201043 11.7 0.10 (−0.16 to 0.36)
O’Donnell et al, 201444 69.2 −0.13 (−0.23 to −0.03)
Rogal et al, 20075 1.9 −0.50 (−1.14 to 0.14)
Seng et al, 201147 2.0 −0.40 (−1.03 to 0.23)

Total (95% CI) 100.0 –0.13 (−0.22 to −0.04)
Heterogeneity: τ2 = 0.00; χ2

7 = 7.11 (P = .42); I2 = 2%
Test for overall effect: Z = 2.92 (P = .003)                     –2 –1 0 1 2

F. Small for Gestational Age Following Exposure to Maternal Antenatal Anxiety

Study or Subgroup Weight, % Mean Difference (IV, Random, 95% CI) Mean Difference (IV, Random, 95% CI)

Bindt et al, 201327 37.3 −0.20 (−0.52 to 0.12)
Broekman et al, 201428 5.3 0.23 (−0.63 to 1.09)
Nasreen et al, 201043 51.9 −0.30 (−0.57 to −0.03)
Sjöström et al, 199748 5.5 −0.65 (−1.49 to 0.19)

Total (95% CI) 100.0 –0.25 (−0.45 to  −0.06)
Heterogeneity: τ2 = 0.00; χ2

3 = 2.27 (P = .52); I2 = 0%
Test for overall effect: Z = 2.52 (P = .01) −2 –1 0 1 5

G. Head Circumference (cm) Following Exposure to Maternal Antenatal Anxiety

Abbreviations: CI = confidence interval, IV = instrumental variables.

Figure 2 (continued).
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Table 2. Effect of Maternal Antenatal Anxiety on Perinatal Outcomes and Moderator Subanalyses
Within Group

Effect Heterogeneity

Analysis
No. of 

Studies
Odds Ratio or Mean 
Difference (95% CI)b P Value

Qdf 
Within P Value

I2 (Percentage of 
Variance Explained)

Effect of Moderator
Qdf Between P Value

Preterm Birth
All studies 16 1.54 (1.39 to 1.70) < .01 11.7115 .70 0.0
Study quality 0.021 .89

Above quality threshold 10 1.55 (1.35 to 1.77) < .01 9.879 .36 9.0
Below quality threshold 6 1.52 (1.23 to 1.88) < .01 1.815 .87 0.0

Diagnostic measure of anxiety 0.801 .37
Diagnostic 9 1.57 (1.41 to 1.76) < .01 6.638 .58 0.0
Not diagnostic 7 1.40 (1.11 to 1.77) < .01 4.306 .64 0.0

Any adjusted data 0.241 .62
Adjusted findings 11 1.56 (1.40 to 1.74) < .01 7.8610 .64 0.0
Unadjusted findings 5 1.46 (1.15 to 1.84) < .01 3.634 .46 0.0

Anxiety assessment time 0.222 .89
Any time in pregnancy 9 1.55 (1.39 to 1.73) < .01 5.568 .70 0.0
Second trimester 5 1.51 (1.06 to 2.16) .02 5.524 .24 28.0
Third trimester 2 1.33 (0.70 to 2.52) .39 0.441 .51 0.0

Registry data 0.131 .71
Registry 5 1.56 (1.39 to 1.74) < .01 3.624 .46 0.0
Non-registry 11 1.49 (1.21 to 1.83) < .01 7.9810 .63 0.0

Country 2.733 .43
North America 8 1.56 (1.39 to 1.75) < .01 4.467 .73 0.0
Europe 5 1.18 (0.83 to 1.67) .35 3.474 .48 0.0
Developing nations 1 1.80 (0.59 to 5.45)b .30
Other 2 1.68 (1.26 to 2.24) < .01 1.041 .31 4.0

Exclude depression 0.461 .50
Yes 5 1.60 (1.38 to 1.87) < .01 1.864 .76 0.0
No 11 1.49 (1.31 to 1.70) < .01 9.3810 .50 0.0

Spontaneous Preterm Birth
All studies 5 1.41 (1.13 to 1.75) < .01 6.044 .20 34.0
Study quality 1.131 .29

Above quality threshold 4 1.44 (1.16 to 1.79) < .01 4.823 .19 38.0
Below quality threshold 1 0.74 (0.22 to 2.47)c .63

Diagnostic measure of anxiety 3.231 .07
Diagnostic 3 1.52 (1.27 to 1.83) < .01 2.562 .28 22.0
Not diagnostic 2 0.94 (0.58 to 1.54) .82 0.191 .67 0.0

Any adjusted data 2.031 .15
Adjusted findings 4 1.49 (1.23 to 1.82) < .01 3.883 .27 23.0
Unadjusted findings 1 0.99 (0.58 to 1.68)c .97

Anxiety assessment time 3.952 .14
Any time in pregnancy 2 1.54 (1.26 to 1.87) < .01 1.791 .18 44.0
Second trimester 2 0.96 (0.57 to 1.61) .88 0.201 .65 0.0
Third trimester 1 0.74 (0.22 to 2.47)c .63

Registry data 3.801 .05
Registry 2 1.54 (1.26 to 1.87) < .01 1.791 .18 44.0
Non-registry 3 0.92 (0.58 to 1.48) .74 0.352 .84 0.0

Country 3.801 .05
North America 2 1.54 (1.26 to 1.87) < .01 1.791 .18 44.0
Europe 3 0.92 (0.58 to 1.48) .74 0.352 .84 0.0
Developing nations 0
Other 0

Birth Weight
All studies 12 −55.96 (−93.62 to −18.31) < .01 20.8311 .04 47.0
Study quality 2.341 .13

Above quality threshold 6 −32.88 (−64.87 to −0.89) .04 7.435 .19 33.0
Below quality threshold 6 −101.13 (−182.46 to −19.79) .01 7.875 .16 36.0

Diagnostic measure of anxiety 4.991 .03
Diagnostic 3 −143.47 (−240.27 to −46.67) < .01 3.032 .22 34.0
Not diagnostic 9 −30.42 (−51.87 to −8.97) < .01 8.238 .41 3.0

Any adjusted data 2.541 .11
Adjusted findings 4 −31.38 (−59.63 to −3.12) .03 1.313 .73 0.0
Unadjusted findings 8 −95.97 (−170.16 to −21.78) .01 19.017 < .01 63.0

Anxiety assessment time 1.632 .44
Any time in pregnancy 2 −121.99 (−328.65 to 84.67) .25 2.951 .09 66.0
Second trimester 2 −89.09 (−204.33 to 26.16) .13 5.841 .02 83.0
Third trimester 8 −28.96 (−64.37 to 6.45) .11 7.857 .35 11.0

Registry data
Registry 0
Non-registry 12 −55.96 (−93.62 to −18.31) < .01 20.8311 .04 47.0

(continued)
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Table 2 (continued).
Within Group

Effect Heterogeneity

Analysis
No. of 

Studies
Odds Ratio or Mean 
Difference (95% CI)b P Value

Qdf 
Within P Value

I2 (Percentage of 
Variance Explained)

Effect of Moderator
Qdf Between P Value

Country 3.033 .39
North America 4 −124.10 (−229.70 to −18.49) .02 4.873 .18 38.0
Europe 5 −29.05 (−51.51 to −6.59) .01 4.124 .39 3.0
Developing nations 2 −42.05 (−156.80 to 72.70) .47 3.241 .07 69.0
Other 1 −58.00 (−317.59 to 201.59)c .66

Adjusted for GA 1.281 .26
Yes 2 −36.18 (−66.08 to −6.29) .02 0.091 .76 0.0
No 10 −74.96 (−135.13 to −14.80) .01 20.689 .01 56.0

Low Birth Weight
All studies 11 1.80 (1.48 to 2.18) < .01 10.1910 .42 2.0
Study quality 0.331 .57

Above quality threshold 6 1.68 (1.26 to 2.23) < .01 4.495 .48 0.0
Below quality threshold 5 1.90 (1.38 to 2.61) < .01 5.254 .26 23.7

Diagnostic measure of anxiety 2.971 .09
Diagnostic 6 1.52 (1.17 to 1.99) < .01 4.645 .46 0.0
Not diagnostic 5 2.13 (1.62 to 2.81) < .01 2.554 .64 0.0

Any adjusted data 0.281 .60
Adjusted findings 5 1.67 (1.22 to 2.29) < .01 3.394 .50 0.0
Unadjusted findings 6 1.88 (1.39 to 2.56) < .01 6.445 .27 22.3

Anxiety assessment time 4.572 .10
Any time in pregnancy 6 1.47 (1.12 to 1.93) < .01 2.275 .81 0.0
Second trimester 3 2.33 (1.66 to 3.27) < .01 1.212 .55 0.0
Third trimester 2 1.16 (0.18 to 7.45) .88 2.111 .15 52.6

Registry data 3.751 .05
Registry 3 1.42 (1.05 to 1.93) .03 0.612 .74 0.0
Non-registry 8 2.09 (1.64 to 2.68) < .01 5.797 .56 0.0

Country 0.853 .84
North America 4 2.12 (1.23 to 3.66) < .01 3.453 .33 13.0
Europe 2 1.92 (0.78 to 4.75) .16 0.051 .82 0.0
Developing nations 2 1.16 (0.18 to 7.45) .88 2.111 .15 52.6
Other 3 1.64 (1.18 to 2.29) < .01 3.642 .16 45.1

Gestational Age
All studies 8 −0.13 (−0.22 to −0.04) < .01 7.117 .42 2.0
Study quality 1.101 .30

Above quality threshold 5 −0.11 (−0.26 to 0.03) .13 5.414 .25 26.0
Below quality threshold 3 −0.28 (−0.56 to 0.00) .05 0.472 .79 0.0

Diagnostic measure of anxiety 3.181 .07
Diagnostic 3 −0.43 (−0.76 to −0.09) .01 0.072 .97 0.0
Not diagnostic 5 −0.11 (−0.20 to −0.03) .01 3.864 .42 0.0

Any adjusted data 0.111 .74
Adjusted findings 1 −0.20 (−0.57 to 0.17)c .28
Unadjusted findings 7 −0.13 (−0.26 to −0.01) .03 6.976 .32 14.0

Anxiety assessment time 3.202 .20
Any time in pregnancy 2 −0.45 (−0.90 to 0.00) .05 0.051 .83 0.0
Second trimester 1 −0.40 (−0.90 to 0.10)c .12
Third trimester 5 −0.11 (−0.20 to −0.03) .01 3.864 .42 0.0

Registry data
Registry 8 −0.13 (−0.22 to −0.05) < .01 7.117 .42 2.0
Non-registry 0

Country 4.622 .10
North America 2 −0.45 (−0.90 to 0.00) .05 0.051 .83 0.0
Europe 4 −0.15 (−0.24 to −0.06) < .01 1.843 .61 0.0
Developing nations 2 0.05 (−0.17 to 0.27) .67 0.601 .44 0.0
Other 0

Small for Gestational Age
All studies 7 1.48 (1.26 to 1.74) < .01 3.056 .80 0.0
Study quality 0.001 .95

Above quality threshold 4 1.49 (1.17 to 1.90) < .01 2.583 .46 0.0
Below quality threshold 3 1.47 (1.19 to 1.82) < .01 0.452 .80 0.0

Diagnostic measure of anxiety 0.391 .53
Diagnostic 3 1.72 (1.00 to 2.97) .05 2.342 .31 14.7
Not diagnostic 4 1.43 (1.19 to 1.73) < .01 0.293 .96 0.0

Any adjusted data 0.011 .92
Adjusted findings 6 1.48 (1.26 to 1.73) < .01 3.025 .70 0.0
Unadjusted findings 1 1.70 (0.10 to 29.53)c .72

(continued)
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Table 2 (continued).
Within Group

Effect Heterogeneity

Analysis
No. of 

Studies
Odds Ratio or Mean 
Difference (95% CI)b P Value

Qdf 
Within P Value

I2 (Percentage of 
Variance Explained)

Effect of Moderator
Qdf Between P Value

Anxiety assessment time 0.422 .81
Any time in pregnancy 1 1.55 (1.13 to 2.14)c < .01
Second trimester 4 1.48 (1.22 to 1.81) < .01 2.573 .46 0.0
Third trimester 2 1.27 (0.76 to 2.12) .36 0.041 .84 0.0

Registry data 0.131 .72
Registry 1 1.55 (1.13 to 2.14)c < .01
Non-registry 6 1.45 (1.21 to 1.75) < .01 2.915 .71 0.0

Country 0.142 .93
North America 1 1.48 (1.06 to 2.06)c .02
Europe 5 1.44 (1.16 to 1.80) < .01 2.904 .58 0.0
Developing nations 0
Other 1 1.55 (1.13 to 2.14)c < .01

Definition of SGA 0.872 .65
< 2.5th Percentile 3 2.49 (0.82 to 7.59) .11 1.702 .43 0.0
< 10th Percentile 3 1.46 (1.21 to 1.75) < .01 0.462 .80 0.0
< 15th Percentile 1 1.48 (1.06 to 2.06)c .02

Head Circumference
All studies 4 −0.25 (−0.45 to −0.06) .01 2.273 .52 0.0
Study quality 1.291 .26

Above quality threshold 3 −0.28 (−0.48 to −0.08) < .01 0.992 .61 0.0
Below quality threshold 1 0.23 (−0.63 to 1.09)c .60

Diagnostic measure of anxiety
Diagnostic 0
Not diagnostic 4 −0.25 (−0.45 to −0.06) .01 2.273 .52 0.0

Any adjusted data 1.291 .26
Adjusted findings 1 0.23 (−0.63 to 1.09)c .60
Unadjusted findings 3 −0.28 (−0.48 to −0.08) < .01 0.992 .61 0.0

Anxiety assessment time
Any time in pregnancy 0
Second trimester 0
Third trimester 4 −0.25 (−0.45 to −0.06) .01 2.273 .52 0.0

Registry data
Registry 0
Non-registry 4 −0.25 (−0.45 to −0.06) .01 2.273 .52 0.0

Country 2.062 .36
North America 0
Europe 1 −0.65 (−1.49 to 0.19)c .13
Developing nations 2 −0.26 (−0.47 to −0.05) .02 0.211 .64 0.0
Other 1 0.23 (−0.63 to 1.09)c .60

Apgar 1 Minute
All studies 4 1.70 (0.90 to 3.23) .10 4.833 .18 38.0
Study quality 0.251 .61

Above quality threshold 2 1.61 (0.48 to 5.44) .44 2.491 .11 60.0
Below quality threshold 2 2.32 (1.12 to 4.81) .02 0.101 .75 0.0

Diagnostic measure of anxiety 0.251 .61
Diagnostic 2 1.61 (0.48 to 5.44) .44 2.491 .11 60.0
Not diagnostic 2 2.32 (1.12 to 4.81) .02 0.101 .75 0.0

Any adjusted data 1.231 .27
Adjusted findings 1 3.82 (0.82 to 17.81)c .24
Unadjusted findings 3 1.48 (0.77 to 2.85) .09 3.232 .20 38.0

Anxiety assessment time 1.392 .50
Any time in pregnancy 2 1.46 (0.68 to 3.15) .33 2.901 .09 65.0
Second trimester 1 3.82 (0.82 to 17.81)c .09
Third trimester 1 4.33 (0.08 to 225.22)c .47

Registry data 1.381 .24
Registry 2 1.46 (0.68 to 3.15) .33 2.901 .09 65.0
Non-registry 2 3.88 (0.93 to 16.30) .06 0.001 .95 0.0

Country 4.411 .04
North America 0
Europe 3 2.54 (1.32 to 4.91) < .01 0.432 .81 0.0
Developing nations 0
Other 1 1.03 (0.61 to 1.74)c .91

Apgar 5 Minutes
All studies 5 2.68 (0.75 to 9.67) .13 8.914 .06 55.0
Study quality 0.291 .59

Above quality threshold 3 2.35 (0.31 to 17.84) .41 4.882 .09 59.0
Below quality threshold 2 4.48 (1.39 to 14.42) .01 0.001 .99 0.0

(continued)
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Table 2 (continued).
Within Group

Effect Heterogeneity

Analysis
No. of 

Studies
Odds Ratio or Mean 
Difference (95% CI)b P Value

Qdf 
Within P Value

I2 (Percentage of 
Variance Explained)

Effect of Moderator
Qdf Between P Value

Diagnostic measure of anxiety 7.311 < .01
Diagnostic 2 0.82 (0.35 to 1.91) .64 0.591 .44 0.0
Not diagnostic 3 5.53 (1.85 to 16.53) < .01 1.012 .60 0.0

Any adjusted data 0.011 .92
Adjusted findings 1 2.47 (0.13 to 47.31)c .55
Unadjusted findings 4 2.90 (0.63 to 13.32) .17 8.8430 .03 66.0

Anxiety assessment time 1.712 .42
Any time in pregnancy 2 1.73 (0.30 to 10.10) .54 5.461 .02 82.0
Second trimester 1 2.47 (0.13 to 47.31)c .55
Third trimester 2 12.65 (1.10 to 145.44) .04 0.461 .50 0.0

Registry data 1.021 .31
Registry 2 1.73 (0.30 to 10.10) .54 5.461 .02 82.0
Non-registry 3 6.52 (0.99 to 42.77) .05 1.152 .56 0.0

Country 8.782 .01
North America 0
Europe 3 4.13 (1.39 to 12.25) .01 0.132 .94 0.0
Developing nations 1 24.54 (1.10 to 548.11)c .04
Other 1 0.74 (0.30 to 1.80)c .51

Preeclampsia
All studies 4 3.30 (0.56 to 19.37) .19 13.633 < .01 78.0
Study quality 0.121 .73

Above quality threshold 2 1.99 (0.05 to 74.04) .71 4.481 .03 78.0
Below quality threshold 2 4.43 (0.27 to 72.40) .30 8.861 < .01 89.0

Diagnostic measure of anxiety 0.001 .96
Diagnostic 2 3.06 (0.36 to 26.36) .65 4.701 .03 79.0
Not diagnostic 2 2.71 (0.04 to 190.30) .31 6.421 .01 84.0

Any adjusted data 0.001 .96
Adjusted findings 2 3.06 (0.36 to 26.36) .31 4.701 .03 79.0
Unadjusted findings 2 2.71 (0.04 to 190.30) .65 6.421 .01 84.0

Anxiety assessment time 4.722 .09
Any time in pregnancy 1 1.14 (0.42 to 3.09)c .80
Second trimester 1 10.39 (1.84 to 58.61)c < .01
Third trimester 2 2.71 (0.04 to 190.30) .65 6.421 .01 84.0

Registry data 1.701 .19
Registry 1 1.14 (0.42 to 3.09)c .80
Non-registry 3 5.32 (0.66 to 42.97) .12 6.502 .04 69.0

Country 1.701 .19
North America 0
Europe 3 5.32 (0.66 to 42.97) .12
Developing nations 0
Other 1 1.14 (0.42 to 3.09)c .80

Cesarean Delivery
All studies 4 1.01 (0.46 to 2.25) .97 20.263 < .01 85.0
Study quality

Above quality threshold 4 1.01 (0.46 to 2.25) .97 20.263 < .01 85.0
Below quality threshold 0

Diagnostic measure of anxiety 2.221 .14
Diagnostic 2 1.82 (0.88 to 3.74) .10 4.381 .04 77.2
Not diagnostic 2 0.78 (0.33 to 1.83) .56 2.551 .11 61.0

Any adjusted data 10.761 < .01
Adjusted findings 1 2.50 (1.81 to 3.45)c < .01
Unadjusted findings 3 0.95 (0.59 to 1.54) .84 3.102 .21 35.6

Anxiety assessment time 9.202 .01
Any time in pregnancy 1 2.50 (1.81 to 3.45)c < .01
Second trimester 1 1.20 (0.65 to 2.21)c .57
Third trimester 2 0.78 (0.33 to 1.83) .56 2.551 .11 61.0

Registry data 10.761 < .01
Registry 1 2.50 (1.81 to 3.45)c < .01
Non-registry 3 0.95 (0.59 to 1.54) .84 3.102 .21 35.6

Country 9.202 .01
North America 0
Europe 1 1.20 (0.65 to 2.21)c .57
Developing nations 2 0.78 (0.33 to 1.83) .56 2.551 .11 61.0
Other 1 2.50 (1.81 to 3.45)c < .01

aDeveloping nations include Bangladesh, Côte d’Ivoire, and Ghana; other countries include Australia, Israel, Singapore, and Taiwan.
bPooled effect size estimated using random-effects model.
cPooled effect size estimated using fixed-effects model.
Abbrevation: CI = confidence interval, SGA = small for gestational age.
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Figure 3. Nonsignificant Pooled Associations Between Antenatal Anxiety and Perinatal Outcomes

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)
Bindt et al, 201327 27.3 1.11 (0.65 to 1.88)
Lilliecreutz et al, 201140 21.7 0.59 (0.23 to 1.51)
Nasreen et al, 201043 21.4 0.45 (0.17 to 1.18)
Pavlov et al, 201445 29.6 2.50 (1.81 to 3.45)

Total (95% CI) 100.0 1.01 (0.46 to 2.25)
Heterogeneity: τ2 = 0.53 ; χ2

3 = 20.26 (P = .0002); I2 = 85%
Test for overall effect: Z = 0.03 (P = .97) 0.1 0.2 0.5 1 2 5 10

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)

Andersson et al, 200425 13.8 3.82 (0.82 to 17.81)
Berle et al, 200526 36.0 2.27 (1.08 to 4.77)
Brouwers et al, 200129 2.5 4.33 (0.08 to 225.22)
Pavlov et al, 201445 47.6 1.03 (0.61 to 1.74)

Total (95% CI) 100.0 1.70 (0.90 to 3.23)
Heterogeneity: τ2 = 0.15; χ2

3 = 4.83 (P = .18); I2 = 38%
Test for overall effect: Z = 1.63 (P = .10) 0.2 0.5 1 2 5

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)

Andersson et al, 200425 13.1 2.47 (0.13 to 47.31)
Berle et al, 200526 30.8 4.49 (1.32 to 15.28)
Bindt et al, 201327 12.2 24.54 (1.10 to 548.10)
Brouwers et al, 200129 8.4 4.33 (0.08 to 225.22)
Pavlov et al, 201445 35.5 0.74 (0.30 to 1.80)

Total (95% CI) 100.0 2.68 (0.75 to 9.67)
Heterogeneity: τ2 = 1.00; χ2

4 = 8.91 (P = .06); I2 = 55%
Test for overall effect: Z = 1.51 (P = .13) 0.1  0.2 0.5 1 2 5 10

Study or Subgroup Weight, % Odds Ratio (IV, Random, 95% CI) Odds Ratio (IV, Random, 95% CI)
Chen et al, 201030 30.5 1.14 (0.42 to 3.09)
Crandon, 197932 26.6 19.80 (4.03 to 97.34)
Lilliecreutz et al, 201140 25.6 10.39 (1.84 to 58.61)
Teixeira et al, 199949 17.3 0.25 (0.01 to 4.95)

Total (95% CI) 100.0 3.30 (0.56 to 19.37)
Heterogeneity: τ2 = 2.41; χ2

3 = 13.63 (P = .003); I2 = 78%
Test for overall effect: Z = 1.32 (P = .19) 0.1 0.2 0.5 1 2 5 10

A. Low Apgar Scores at 1 Minute Following Exposure to Maternal Antenatal Anxiety

B. Low Apgar Scores at 5 Minutes Following Exposure to Maternal Antenatal Anxiety

C. Preeclampsia Following Exposure to Maternal Antenatal Anxiety

D. Cesarean Section Delivery Following Exposure to Maternal Antenatal Anxiety

Abbreviations: CI = confidence interval, IV = instrumental variables.

finding as it provides preliminary evidence for an effect of 
anxiety severity on low infant birth weight and spontaneous 
preterm birth. While we found no significant associations 
between antenatal anxiety and preeclampsia, cesarean 
delivery, or Apgar scores at 1 and at 5 minutes, these outcomes 
were examined based on 5 or fewer studies and the first 2 
outcomes had significant heterogeneity across the included 
studies. Overall, our findings suggest a strong and robust 
association between maternal antenatal anxiety and adverse 
perinatal outcomes, leading to a broader understanding of 

the potential impact of antenatal anxiety that will inform 
screening and treatment decisions.

We assessed for the effects of moderator variables because 
of the known methodological limitations from observational 
studies and applied a rigorous quality assessment to separate 
studies based on quality, although we found study quality 
was not a significant source of heterogeneity. Our results 
were consistent with prior work, arguing for the strength 
of the relationship between antenatal anxiety and adverse 
outcomes previously summarized. Specifically, we replicated 
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the effects on risk of preterm birth (OR = 1.54), spontaneous 
preterm birth (OR = 1.41), and low birth weight (OR = 1.80), 
despite differing definitions of anxiety and the number of 
included studies. Previously, a pooled OR of 1.46 (based on 
7 studies)8 and a pooled RR of 1.50 (based on 12 studies)9 
were reported for preterm birth in association with antenatal 
anxiety. These prior meta-analyses8,9 included measurement 
of anxiety as a continuous variable and pregnancy-specific 
anxiety, and one9 included a retrospective study, which we 
excluded. We expand upon prior work by including more 
studies and a larger pooled sample size. Similarly, our low 
birth weight outcome yielded an effect comparable to that of 
a previous meta-analysis9 (OR = 1.76), but again we included 
a greater number of studies (11 vs 6) with a larger pooled 
sample size.

To our knowledge, the association between antenatal 
anxiety and the variables of small for gestational age, 
gestational age, birth weight, and head circumference has 
not been previously summarized. It is not surprising that 
we found significant pooled effects, as those outcomes may 
be related to preterm birth and low birth weight, further 
reinforcing the strength of the relationship. In a previous 
meta-analysis,24 we examined the effects of depression on 
diverse perinatal outcomes and did not find such consistent 
and numerous adverse delivery outcomes, speaking to the 
potentially more grave effects of antenatal anxiety. It has 
already been suggested that antenatal anxiety may be more 
prevalent than depression52–55; it appears the consequences 
of this disorder may also be more adverse as well.

The primary limitations of this study stem from 
methodological issues of the included original articles. The 
definition of anxiety by self-report varied across studies with 
respect to the scales and cutoff scores used. Even for the 
State-Trait Anxiety Inventory (STAI), the most commonly 
used measure of antenatal anxiety, the cutoff scores used were 
not uniform and only half of the studies employed the STAI-
state suggested cutoff (39–40).56 The category of diagnosed 
anxiety disorder was likewise a heterogeneous grouping. 
We included all types of anxiety disorders as there were not 
enough studies examining perinatal outcomes in association 
with specific anxiety disorders, other than for posttraumatic 
stress disorder (PTSD) and preterm birth. Additionally, 
we included 1 study with unclear diagnostic criteria,44 as 
correspondence with the primary author confirmed an active 
clinical diagnosis of anxiety (E. Sheiner, MD, PhD, personal 
communication in electronic form, April 18, 2016). A study 
just published57 that examined generalized anxiety disorder 
(GAD), panic disorder (PD), PTSD, and comorbidity of 
these disorders with major depression found significance 
for preterm birth only in the adjusted models for comorbid 
PTSD and depression but not for any of the individual 
disorders (although several unadjusted were significant) 
nor for any other delivery outcome. This is the same cohort 
as that in Yonkers et al,51 included in our analyses, which 
also did not find significance for the individual disorders 
and preterm birth (but similarly was found for comorbid 
PTSD and major depression in adjusted models). Our 

main analyses included the nonsignificant Yonkers et al51 
data on PTSD only as we deemed this the most rigorous 
diagnostically (PD had a small sample size and the GAD 
diagnosis was based on only 1 month of symptoms instead 
of 6). There were enough data for us to investigate pooled 
PTSD data from several articles on preterm birth, and this 
analysis was similar to the main one and was significant. The 
timing of the anxiety assessments was also not consistent 
across the studies, and we grouped them by trimester. 
Our inclusion criteria specified that the initial assessment 
occur in pregnancy and we do not believe any occurred 
just prior to delivery, although some articles were vague in 
their descriptions (ie, Nasreen et al43 assessed during the 
third trimester, and Shaw et al6 included a diagnosis that 
was documented within 9 months before delivery). Most 
studies did not report on active treatments for anxiety, and 
thus we cannot confirm whether the associations between 
prenatal anxiety and outcomes truly reflect untreated 
anxiety. A majority of studies (22/29) did not report whether 
psychotropic medication was used, and only 1 study51 
controlled for psychotropic use and found evidence for an 
effect of antidepressants (same cohort published in 2017,57 
which found an effect for medications but not in adjusted 
models with individual anxiety disorders); psychotherapy 
use was equally not identified. Comorbidity was also not 
considered, and this may confound the data as anxiety is 
often seen with other disorders (eg, depression) and this may 
increase the chance of negative perinatal/neonatal outcomes, 
although to date data are not consistent.33,38,42 For example, 
Männistö et al42 reported an adjusted odds ratio for PTB 
in pregnant women with comorbid depression and anxiety 
that was higher than the adjusted odds ratio in association 
with any singular maternal psychiatric disorder (OR = 2.31, 
1.93–2.78); a similar result was observed for spontaneous 
PTB (OR = 2.24, 1.73–2.91) (K. Grantz, MD, personal 
communication in electronic form, October 13, 2017). On 
the contrary, Ibanez et al38 found no significant risk of PTB 
in pregnant women with comorbid depression and anxiety, 
but a significantly increased risk of spontaneous PTB. 
When statistical adjustments were made, different variables 
were used across studies, and given that certain factors 
(eg, smoking, SES) are known to be associated with both 
anxiety and negative perinatal outcomes, this inconsistency 
may have also confounded associations. Finally, we limited 
our search to English-language publications as we did not 
originally budget for translation costs, which may have 
biased the results. However, only 7 studies were excluded 
based on this criterion, and given the strength of the 
significant associations (P < .0001), any such bias is likely to 
minimally impact the results.

Additional research must address whether treatment 
of antenatal anxiety decreases the risk of adverse perinatal 
outcomes. Unfortunately there is a dearth of studies 
examining interventions to treat antenatal anxiety—eg, 
a recent systematic review and meta-analysis58 found 28 
trials for the treatment of prenatal depressive disorders and 
only 1 for the treatment of anxiety disorders. Nevertheless, 
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some treatments are common to both depressive and anxiety 
disorders and may suggest areas for initial research focus. 
For example, use of selective serotonin reuptake inhibitors 
(SSRIs) in pregnant women with psychiatric diagnoses has 
been associated with a lower risk for some negative perinatal 
outcomes; however, effects were outcome-specific (eg, 
PTB and cesarean section only) and require replication.59 
Research in this area is further complicated by the fact that 
medications to treat anxiety (SSRIs and benzodiazepines) 
have been associated with potential adverse effects60,61; 
evaluating the effect of non-pharmacologic treatments such 
as psychotherapy should also be a focus of future studies. 
Moreover, whether there exists a period of heightened 
susceptibility, or a differential impact of longer exposure to 
anxiety, should be the focus of future research. Although 
we did not find a significant effect for timing of anxiety as 
a moderator, few studies identified the trimester of anxiety 
assessment. Lastly, the potential underlying mechanisms 
linking antenatal anxiety with poor perinatal outcomes, while 
recently summarized elsewhere,62 remain an important topic 
for further study as they may ultimately inform treatment 
optimization.

Our findings are clinically important given the high 
prevalence of anxiety in pregnancy, as previously noted, 

coupled with low treatment uptake. For example, a large 
US study63 found that past-year pregnant women sought 
treatment for an anxiety disorder at nearly half the rate of 
non-pregnant women (6.1% versus 11.6%). The multiple 
adverse perinatal outcomes associated with antenatal anxiety 
highlight the need to both identify and manage pregnant 
women with high levels of anxiety, particularly those with 
the most severe forms of anxiety (eg, diagnosed anxiety 
disorders). Here, we provide data that will be useful to 
clinicians and patients in their decision making. Women with 
antenatal anxiety disorders have higher rates of psychotropic 
medication nonadherence compared to other prenatal 
psychiatric disorders,64 and those declining medications 
have significantly more anxiety symptoms across pregnancy 
than those adherent to their medication regimen.65 While 
psychological therapies are both first-line treatment for mild 
anxiety and the preferred modality for most women during 
pregnancy,66 these treatments are nevertheless also linked 
with variable rates of adherence/attrition.58 Along with our 
data, the preceding provides a strong argument for not only 
identifying antenatal anxiety but additionally addressing 
treatment preferences, barriers, and adherence in women 
with antenatal anxiety to mitigate potential adverse perinatal 
outcomes.
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