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ABSTRACT
Objective: Depression often remains undertreated during 
pregnancy and there is growing evidence that untoward perinatal 
outcomes can result. Our systematic review and meta-analysis was 
conducted to determine whether maternal depression during 
pregnancy is associated with adverse perinatal and infant outcomes.

Data Sources: MEDLINE, EMBASE, CINAHL, and PsycINFO were 
searched from their start dates to June 2010. Keywords utilized 
included depressive/mood disorder, postpartum/postnatal, pregnancy/
pregnancy trimesters, prenatal or antenatal, infant/neonatal outcomes, 
premature delivery, gestational age, birth weight, NICU, preeclampsia, 
breastfeeding, and Apgar.

Study Selection: English language studies reporting on perinatal or 
child outcomes associated with maternal depression were included, 
3,074 abstracts were reviewed, 735 articles retrieved, and 30 studies 
included.

Data Extraction: Two independent reviewers extracted data and 
assessed article quality. All studies were included in the primary 
analyses, and between-group differences for subanalyses are also 
reported.

Results: Thirty studies were eligible for inclusion. Premature delivery 
and decrease in breastfeeding initiation were significantly associated 
with maternal depression (odds ratio [OR] = 1.37; 95% CI, 1.04 to1.81; 
P = .024; and OR = 0.68; 95% CI, 0.61 to 0.76; P < .0001, respectively). 
While birth weight (mean difference = −19.53 g; 95% CI, −64.27 to 
25.20; P = .392), low birth weight (OR = 1.21; 95% CI, 0.91 to 1.60; 
P = .195), neonatal intensive care unit admissions (OR = 1.43; 95% 
CI, 0.83 to 2.47; P = .195), and preeclampsia (OR = 1.35; 95% CI, 
0.95 to 1.92; P = .089) did not show significant associations in the 
main analyses, some subanalyses were significant. Gestational age 
(mean difference = −0.19 weeks; 95% CI, −0.53 to 0.14; P = .262) and 
Apgar scores at 1 (mean difference  = −0.05; 95% CI, −0.28 to 0.17; 
P = .638) and 5 minutes (mean difference  = 0.01; 95% CI, −0.08  to 
0.11; P = .782) did not demonstrate any significant associations with 
depression. For premature delivery, a convenience sample study 
design was associated with higher ORs (OR = 2.43; 95% CI, 1.47 to 
4.01; P = .001).

Conclusions: Maternal depression during pregnancy is associated 
with increased odds for premature delivery and decreased 
breastfeeding initiation; however, the effects are modest. More 
research of higher methodological quality is needed.
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Contrary to previous belief, pregnancy is not protective 
against a major depressive episode, a condition that 

can be severe and life threatening.1 Ten percent of pregnant 
women meet diagnostic criteria for major depressive disor-
der,2 with the prevalence increasing from the first trimester 
(7.4%) to the second (12.8%) and third (12.0%) trimesters3; 
18% of women exhibit depressive symptoms antenatally.4 
Not only is the disorder underrecognized, treatment uptake 
is also poor; women continue to experience symptoms into 
the postpartum time and 54.2% of women with “postpar-
tum depression” have actually had depression before or 
during pregnancy.1 Although pregnancy has been associ-
ated with discontinuation of treatment in general,5 concern 
about the safety of using antidepressant medication during 
pregnancy is one reason for low rates of medication use,4,6,7 
and clinicians are advised to weigh the risks of depression 
with the risks of treatment.8

Unfortunately, making an evidence-based decision has 
been challenging, partially because of limited research into 
the risks of untreated depression as well as contradictory 
findings. For example, both significant9–13 and nonsig-
nificant14–18 associations have been found in antenatal 
depression and increased preterm birth, low birth weight, 
decreased Apgar score, and increased neonatal intensive 
care unit (NICU) admissions. Many studies are observa-
tional and have methodological limitations, such as a lack 
of standardized assessments or no control of important 
confounding variables, including antidepressant medica-
tion use, making it difficult to draw of conclusions.19,20 In 
order to make treatment decisions that weigh risks and 
benefits, the effect of depression alone should be estab-
lished. Only 1 meta-analysis20 has been completed that 
examined the relationship between antenatal depression 
exposure and perinatal outcomes. While an association 
between antenatal depression and preterm delivery and 
low birth weight was found, this review examined only 3 
outcomes.

Our systematic literature review and meta-analysis is 
part of a larger project that seeks to create an evidence-
based reference guide for clinicians to use with their 
depressed pregnant patients in reaching treatment deci-
sions. We sought to update the meta-analysis by Grote et 
al20 and examine other reported outcomes regarding the 
effects of maternal depression, such as birth weight, gesta-
tional age, Apgar scores, NICU admissions, preeclampsia, 
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and breastfeeding initiation. We also completed subgroup 
analyses in which we examined the following potentially 
effect-modifying variables: antidepressant use, study qual-
ity, use of diagnostic measures of depression, use of adjusted 
estimates for confounders, adjustment for smoking, coun-
try of origin, socioeconomic status, and use of convenience 
samples. 

DATA SOURCES AND STUDY SELECTION
Details of our methods have been previously described.21 

Independent literature searches were conducted by 2 
professional librarians who have expertise in the areas  
of psychiatry and psychopharmacology. Keywords utilized 
included depressive/mood disorder, postpartum/postnatal,  
pregnancy/pregnancy trimesters, prenatal or antenatal, 
infant/neonatal outcomes, premature delivery, gestational 
age, birth weight, NICU, preeclampsia, breastfeeding, and 
Apgar (a full list of keywords is provided in supplementary 
material). Databases (searched from start date to June 30, 
2010) included MEDLINE (Ovid); MEDLINE In-Process 
(Ovid), to access current literature (keyword searching only); 
PsycINFO (American Psychological Association; Ovid); 
CINAHL (Nursing; Allied Health); EMBASE (Excerpta 
Medica, Elsevier; Ovid); and Scopus (Elsevier), to access 
current literature (keyword searching only). Review and 
meta-analyses reference lists were searched, but no further 
sources were found.

Inclusion and Exclusion Criteria
Original prospective studies published in English were 

eligible. For cases in which a sample was repeated in more 
than 1 publication, the article that most closely addressed 
our research question was selected. Studies were identi-
fied that compared clinical outcomes in populations that 
were exposed to depression antenatally compared to those 
unexposed. Measurement of depression at any antenatal 
time point was considered, as well as the use of validated or 
unvalidated depression measures that provided dichotomous 
or continuous data. For cases in which multiple time points 
were presented, combined time points were used as per the 
original data, if possible; when this was not possible, second 
and third trimester data, adjusted data, or the data reflecting 
continuous depression were selected. All studies that exam-
ined adversity to the child and/or mother in the gestational, 
delivery, neonatal and/or postpartum/developmental periods 
were accepted. We excluded studies that pooled antenatal 
and postpartum depression scores, as well as studies that had 

adolescent samples. Abstracts, conference proceedings, and 
unpublished data were also excluded because of the volume 
of studies potentially eligible.

DATA EXTRACTION
Both the data extraction and quality assessment methods 

have been published previously, as this study was 1 of a large 
program of research.21 All articles were screened by their title 
and abstract by 2 independent research assistants, and those 
eligible were retrieved. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) criteria22 
were used to create the data extraction forms, which were 
completed for each eligible study. Extracted data included 
source, study design, participants (sample, control, demo-
graphics, and clinical characteristics), inclusion/exclusion 
criteria, antidepressants examined, dosage, duration of expo-
sure, primary and secondary outcomes, outcome assessment 
methods, and loss to follow-up. Requests for raw data were 
sent to authors for original studies that did not provide all 
data, and, of the 8 contacted, replies were received from 3 
authors. Further data were not provided for the following 
reasons: confidentiality policy, unable to meet our timeline, 
and no reply for further explanation of data. As available, 
adjusted estimates as well as their variances were extracted. 
Where 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. 
The research team in conjunction with an advisory commit-
tee of key stakeholders composed of representatives from 
psychiatry, family medicine, obstetrics, neonatology, public 
health, patient advocacy, and policy identified the outcomes 
of interest. Outcomes examined included (based on there 
being at least 3 articles to pool for meta-analysis): premature 
delivery (< 37 weeks’ gestation where defined), birth weight, 
low birth weight (< 2,500 g where defined), gestational age, 
Apgar scores at 1 minute and at 5 minutes, NICU admis-
sions, preeclampsia, and breastfeeding initiation, as defined 
by the authors of the original publication.

Quality Assessment
The quality assessment tool utilized for this program of 

research has been previously described.21 The Systematic 
Assessment of Quality in Observational Research (SAQOR) 
was based on the Downs and Black23 checklist and the  
Newcastle-Ottawa Scale24 and adapted for this specific area 
of research. Each article’s outcome was assessed by 19 cri-
teria under 5 categories: (1) sample, (2) control group, (3) 
quality of exposure/outcome measure, (4) follow-up, and 
(5) distorting influences. The distorting influences category 
took into account any controls for antidepressant or other 
psychotropic medications, as well as other confounders (ie, 
smoking, alcohol, or illicit drug use). Using a modification 
of the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system,25 we assigned  
a final quality rating based on the SAQOR criteria of  
high, moderate, low, or very low. For the purposes of this 

Cl
in

ic
al

 P
oi

nt
s

Maternal depression during pregnancy may be associated  ■
with premature delivery.

Depressed mothers may be less likely to start breastfeeding. ■
The effects of maternal depression during pregnancy must be  ■
considered when making treatment plans.
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meta-analysis, high, moderate, and low studies were catego-
rized as “above quality threshold,” and the very low were 
“below quality threshold.” For each study, results of the data 
extraction and quality assessment procedures were compared 
between raters, and consensus by the principal investigators 
was used to resolve any differences.

Statistical Analyses
In the few instances where adjusted hazard ratios or 

relative risks were given, these were considered as estimated 
odds ratios, since, for the most part, events were rare. We 
obtained pooled estimates of the odds ratio for binary 
outcomes or the weighted mean difference for continuous 
outcomes with the DerSimonian and Laird random-effects 
model.26 A fixed-effects pooled estimate was used when 
there were only 2 eligible studies for an outcome. We visually 
inspected funnel plots portraying individual study estimates 
(on the log scale for odds ratios) against their standard error 
to assess for publication bias. The L estimator of Duval and 
Tweedie27 was used to estimate the number of unpublished 
studies (k). If k was 1 or more, then k studies were imputed 
by reflection of the k largest effects around the summary 
estimate. The standard errors of the k “reflected” studies 
were utilized for the k imputed ones and the summary odds 
ratio was reestimated in this expanded dataset. There was 
no evidence for publication bias if k was estimated to be 
0. If publication bias was found, then we used Duval and 
Tweedie’s trim-and-fill method27 to adjust for it and estimate 
exposure effects. Cochrane Q and visual inspection of forest 
plots were used to assess between-study heterogeneity, which 
was then quantified by I2. If Q is not significant and I2 is 

small, this would suggest that there is a common underly-
ing effect, and variations in estimated study effects are not 
true study-to-study variation (heterogeneity) but rather due 
to just random variation. I2 may be interpreted as the pro-
portion of the total variance due to heterogeneity and may 
be categorized as a low (I2 = 25%), moderate (I2 = 50%), or 
high (I2 = 75%) degree of heterogeneity.28 Sources of het-
erogeneity were explored through subgroup analyses for all 
outcomes (regardless of Q significance). These subgroup 
analyses examined within-group effects and between-group 
differences in pooled effects based on a number of study 
characteristics chosen a priori: study quality (ie, those above 
threshold compared with those below); use of a diagnostic 
measure of depression, convenience sample (ie, not con-
secutive or random sample), or adjusted estimates; use of 
antidepressant medication; and sources of heterogeneity as 
determined by socioeconomic status, smoking, and country. 
Statistical analyses were completed with the metafor package 
in R (2.14.2)29 and similar to our other work.30

RESULTS
Of the 3,074 abstracts reviewed, 2,339 were excluded 

on the basis of title and abstract. In total, 735 articles were 
retrieved and assessed for eligibility, and 30 articles met 
the inclusion criteria (Figure 1)31 and were included in the 
quantitative analysis (Table 1).9–18,32–51 Twenty-six of the 30 
studies were above our quality threshold, and 4 were below. 
Of the studies that we could pool, most reported data on 
more than 1 outcome: 16 reported on premature delivery, 
7 on low birth weight, 6 on NICU admissions (including 1 
special care nursery), 4 on preeclampsia, 4 on breastfeeding 

Figure 1. Identification of Independent Studies for Inclusion in Meta-Analysis (adapted from PRISMA 2009 flow diagram31)

 

3,073 Records identified through 
database searching
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initiation, 9 on gestational age, 11 
on birth weight, 3 on Apgar score at 
1 minute, and 4 on Apgar score at 5 
minutes.

Premature Delivery
Sixteen studies were initially pooled 

and a borderline significant effect 
was found for exposure to maternal 
depression and the odds of prema-
ture delivery (odds ratio [OR] = 1.53; 
95% CI, 0.997 to 2.34; P = .052). One 
study by Steer et al32 was an outlier, 
and the analysis was repeated with 
the 15 remaining studies; the pooled 
OR became significant (OR = 1.37; 
95% CI, 1.04 to 1.81; P = .024; Figure 
2). Significant heterogeneity was 
found across studies (Q14 = 35.27, 
P < .0013; Table 2) in the medium 
range (I2 = 60.3%). In our subgroup 
analyses, where we examined signifi-
cant sources of heterogeneity, only 
sample type was a significant mod-
erator variable (Q1 = 5.5, P < .019, 
I2 = 16%); the OR between exposure 
to depression and premature delivery 
was twice as high in studies using 
convenience samples as it was in those 
using nonconvenience samples (Table 
2). Although no other variable was a 
statistically significant effect mod-
erator, there were noteworthy results. 
Several subanalyses had significant 
ORs: studies with unadjusted data, 
those that did not exclude or control 
for antidepressant medication, and 
those that did not exclude or control 
for smoking. The nonsignificant ORs 
from studies with adjusted data, those 
that excluded medication, those that 
did exclude or control for smoking, 
and studies from other countries had 
high heterogeneity (Table 2).

Gestational Age
There was no significant associa-

tion between exposure to maternal 
depression and gestational age when 
the 9 studies were pooled (mean dif-
ference = −0.19 weeks; 95% CI, −0.53 
to 0.14; P = .262; see Supplementary 
eFigure 1). Heterogeneity was found 
across studies (Q8 = 66.69, P < .0001), 
although none of the moderators 
appeared to account for the variability 
(Table 2).Ta
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see Supplementary eFigure 4). No significant heterogeneity 
was found; none of the subanalyses resulted in any between-
group differences, but the adjusted data subanalysis (ie, 
smoking), which was based on 1 study, was significant, with 
an OR of 2.5 (95% CI, 1.13 to 5.54; P = .024) (Table 2).

Breastfeeding Initiation
The pooled OR for the 4 studies analyzing breastfeeding 

initiation was significant (OR = 0.68; 95% CI, 0.61 to 0.76; 
P < .0001; Figure 3), which indicates that maternal depres-
sion was associated with reduced rates of breastfeeding 
initiation. Heterogeneity was not significant across studies. 
No significant differences between groups were found in any 
of the subanalyses performed (Table 2).

Apgar Score at 1 Minute
The pooled mean difference for the 3 studies investigat-

ing the association between maternal depression and Apgar 
scores at 1 minute was not significant (mean difference = 
 −0.05; 95% CI, −0.28 to 0.17; P = .638; see Supplementary 
eFigure 5). Heterogeneity was not significant across studies. 
There were also no significant differences between groups 
for any of the subanalyses performed (Table 2).

Apgar Score at 5 Minutes
On the basis of 4 pooled studies, no significant associa-

tion was found between exposure to maternal depression and 

Figure 2. Exposure to Depression in Utero and the Odds Ratio for Premature Delivery: Meta-Analysis Results 
for All Studies

Study
Odds 
Ratio 95% CI

Weight 
(fixed), %

Weight  
(random), %

Chung et al,35 2001 0.23 0.03–1.83 0.4 1.6

Orr et al,36 2002 1.96 1.04–3.71 4.2 8.4

Dole et al,16 2003 1.15 0.83–1.60 16.0 12.5

Andersson et al,14 2004 1.19 0.59–2.40 3.5 7.6

Berle et al,15 2005 1.00 0.06–17.33 0.2 0.9

Dayan et al,9 2006 4.90 1.61–14.95 1.4 4.4

Field et al,11 2006 2.34 1.10–4.96 3.1 7.1

Suri et al,40 2007 0.27 0.01–7.13 0.2 0.7

Deave et al,41 2008 1.26 1.04–1.52 47.7 14.1

Fairlie et al,43 2009 0.86 0.39–1.89 2.7 6.7

Gavin et al,44 2009 0.60 0.40–0.90 10.5 11.4

Li et al,45 2009 2.20 1.06–4.55 3.3 7.4

Wisner et al,49 2009 3.71 0.98–14.09 1.0 3.3

Field et al,51 2010 1.10 0.53–2.28 3.2 7.3

Imran and Haider,12 2010 2.48 1.11–5.54 2.7 6.6

Fixed-effects model 1.24 1.09–1.41 100 …

Random-effects model 1.37 1.04–1.81 … 100

Heterogeneity: I2 = 60.3%, τ2 = 0.131, P = .0013

 
100.1 0.5 1 2

Birth Weight
There was no significant association between exposure 

to maternal depression during pregnancy and birth weight 
when 11 studies were pooled (mean difference = −19.53 g; 
95% CI, −64.27 to 25.20; P = .392; Supplementary eFigure 
2). Heterogeneity was found across studies (Q10 = 31.06, 
P = .001). Although the moderator analyses were not sig-
nificant, socioeconomic status accounted for 10% of the 
variability, approaching significance (Table 2).

Low Birth Weight
There was no significant association found between expo-

sure to maternal depression and the odds of having a low 
birth weight (< 2,500 g) infant when 7 studies were pooled 
(OR = 1.46; 95% CI, 0.72 to 2.97; P = .295). Steer et al32 was 
once again an outlier and excluded; however, pooling the 
remaining 6 studies did not result in a significant association 
(OR = 1.21; 95% CI, 0.91 to 1.60; P = .195; see Supplemen-
tary eFigure 3). Study heterogeneity was not significant nor 
were moderators. However, the OR for the subanalyses using 
adjusted data was significant as was the OR for studies that 
excluded smoking (Table 2).

Preeclampsia
Preeclampsia was not significantly associated with expo-

sure to maternal depression on the basis of the OR of the 
4 pooled studies (OR = 1.35; 95% CI, 0.95 to 1.92; P = .089; 
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Table 2. Effect of Maternal Depression on Birth Outcomes: Meta-Analyses Results
Within Group

Heterogeneity Effect of Moderator

Analysis
No. of 
Studies

Odds Ratio or Mean 
Difference (95% CI)a

P 
Value

Q(df) 
Within P Value

I2 (percentage 
of variance 
explained)

Q(df) 
Between

P 
Value

I2 (percentage 
of variance 
explained)

Premature delivery
All studies 15 1.37 (1.04 to 1.81) .024 35.2714 .001 60.3
Study quality

Above quality threshold 13 1.34 (0.99 to 1.82) .057 32.3612 .001 63.0 0.171 .679 0.0
Below quality threshold 2 1.59 (0.76 to 3.35) .219 2.011 .157 50.0

Diagnostic measure of depression
Diagnostic 5 1.54 (0.95 to 2.50) .078 5.284 .260 24.0 0.271 .606 1.0
Not diagnostic 10 1.32 (0.94 to 1.85) .103 28.879 .001 69.0

Any adjusted data
Adjusted findings 7 1.53 (0.80 to 2.94) .198 27.416 .0001 78.0 0.291 .591 1.0
Unadjusted findings 8 1.27 (1.07 to 1.52) .007 7.537 .376 7.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
6 1.22 (0.52 to 2.86) .655 19.805 .001 75.0 0.091 .760 0.0

Antidepressant medication use 
not excluded/controlled

9 1.39 (1.14 to 1.71) .001 10.288 .246 22.0

Smoking
Smoking excluded/adjusted 7 1.32 (0.81 to 2.16) .263 24.416 .0004 75.0 0.081 .785 0.0
Smoking not excluded/adjusted 8 1.44 (1.05 to 1.96) .023 9.467 .221 26.0

SES group
Low SES group 2 2.15 (1.30 to 3.54) .003 0.201 .652 0.0 3.201 .074 9.0
Mixed/unspecified SES group 13 1.27 (0.94 to 1.70) .119 30.0812 .003 60.0

Country
Europe 4 1.53 (0.90 to 2.57) .113 5.633 .131 47.0
North America 9 1.31 (0.89 to 1.94) .169 23.338 .003 66.0 0.322 .853 1.0
Other/unspecified 2 0.92 (0.09 to 9.19) .945 4.391 .036 77.0

Convenience sample
Convenience samples 4 2.43 (1.47 to 4.01) .001 2.123 .548 0.0 5.501 .019 16.0
No convenience samples 11 1.21 (0.91 to 1.62) .189 25.7510 .004 61.0

Gestational age
All studies 9 -0.19 (−0.53 to 0.14) .262 66.698 < .0001 88.0
Study quality

Above quality threshold 8 −0.23 (−0.60 to 0.13) .209 64.97 < .0001 89.0 0.001 > .999 0.0
Below quality threshold 1 0.16 (−0.38 to 0.70)b .565

Diagnostic measure of depression
Diagnostic 3 −0.15 (−0.74 to 0.45) .633 3.382 .185 41.0 0.041 .845 0.0
Not diagnostic 6 −0.22 (−0.62 to 0.19) .291 63.315 < .0001 92.0

Any adjusted data
Adjusted findings 0
Unadjusted findings 9 −0.19 (−0.53 to 0.14) .262 66.698 < .0001 88.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
3 −0.15 (−0.74 to 0.45) .633 3.382 .185 41.0 0.041 .845 0.0

Antidepressant medication use 
not excluded/controlled

6 −0.22 (−0.62 to 0.19) .291 63.315 < .0001 92.0

Smoking
Smoking excluded/adjusted 3 0.05 (−0.54 to 0.64) .876 3.952 .138 49.4 0.811 .369 1.0
Smoking not excluded/adjusted 6 −0.28 (−0.69 to 0.13) .175 61.565 < .0001 91.9

SES group
Low SES group 0
Mixed/unspecified SES group 9 −0.19 (−0.53 to 0.14) .262 66.698 < .0001 88.0

Country
Europe 2 −0.59 (−1.57 to 0.39) .235 49.41 < .0001 98.0 1.02 .600 2.0
North America 6 −0.07 (−0.33 to 0.19) .599 8.65 .128 42.0
Other/unspecified 1 0.16 (−0.38 to 0.70)b .565

Convenience sample
Convenience samples 3 −0.14 (−0.63 to 0.35) .576 3.042 .219 34.0 0.081 .777 0.0
No convenience samples 6 −0.23 (−0.65 to 0.19) .277 63.655 < .0001 92.0

Birth weight
All studies 11 –19.53 (–64.27 to 25.20) .392 31.0610 .001 67.8
Study quality

Above quality threshold 10 –24.49 (–74.97 to 25.99) .342 30.979 .0003 71.0 0.361 .547 1.0
Below quality threshold 1 3.40 (–72.12 to 78.92)b .930

Diagnostic measure of depression
Diagnostic 5 –39.99 (–247.49 to 167.51) .706 18.904 .001 79.0 0.081 .776 0.0
Not diagnostic 6 –9.34 (–46.30 to 27.62) .620 11.945 .036 58.0

continued
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Table 2 (continued). Effect of Maternal Depression on Birth Outcomes: Meta-Analyses Results
Within Group

Heterogeneity Effect of Moderator

Analysis
No. of 
Studies

Odds Ratio or Mean 
Difference (95% CI)a

P 
Value

Q(df) 
Within P Value

I2 (percentage 
of variance 
explained)

Q(df) 
Between

P 
Value

I2 (percentage 
of variance 
explained)

Birth weight (continued)
Any adjusted data

Adjusted findings 4 –14.69 (–49.10 to 19.72) .403 5.543 .137 46.0 0.141 .712 0.0
Unadjusted findings 7 –34.57 (–134.27 to 65.13) .497 25.346 .0003 76.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
4 –45.48 (–373.24 to 282.28) .786 16.883 .001 82.0 0.051 .820 0.0

Antidepressant medication use 
not excluded/controlled

7 –7.32 (–39.31 to 24.66) .654 12.016 .062 50.0

Smoking
Smoking excluded/adjusted 5 –43.15 (–109.66 to 23.37) .204 19.444 .001 79.0 0.761 .383 2.0
Smoking not excluded/adjusted 6 –0.39 (–69.69 to 68.91) .991 10.575 .061 53.0

SES group
Low SES group 1 –179.70 (–358.20 to –1.20)b .049 3.201 .072 10.0
Mixed/unspecified SES group 10 –10.85 (–55.06 to 33.37) .631 27.509 .001 67.0

Country
Europe 3 –8.02 (–26.15 to 10.11) .386 1.392 .499 0.0 0.551 .459 2.0
North America 8 –49.98 (–159.57 to 59.60) .371 29.667 .0001 76.0
Other/unspecified 0

Convenience sample
Convenience samples 4 8.16 (–226.95 to 243.28) .946 10.853 .013 72.0 0.031 .859 0.0
No convenience samples 7 –13.54 (–56.00 to 28.93) .532 19.506 .003 69.0

Low birth weight
All studies 6 1.21 (0.91 to 1.60) .195 3.85 .579 0.0
Study quality

Above quality threshold 5 1.23 (0.92 to 1.65) .154 3.114 .539 0.0 0.681 .409 18.0
Below quality threshold 1 0.64 (0.14 to 2.94)b .569

Diagnostic measure of depression
Diagnostic 1 1.19 (0.40 to 3.55)b .755 0.00061 .980 0.0
Not diagnostic 5 1.21 (0.90 to 1.62) .209 3.804 .434 0.0

Any adjusted data
Adjusted findings 3 1.39 (1.00 to 1.94) .049 0.192 .911 0.0 2.801 .096 73.0
Unadjusted findings 3 0.81 (0.46 to 1.40) .444 0.832 .659 0.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
2 1.43 (0.74 to 2.79) .291 0.181 .674 0.0 0.381 .539 10.0

Antidepressant medication use 
not excluded/controlled

4 1.13 (0.79 to 1.62) .507 3.313 .347 9.0

Smoking
Smoking excluded/adjusted 3 1.39 (1.00 to 1.94) .049 0.192 .911 0.0 2.801 .096 73.0
Smoking not excluded/adjusted 3 0.81 (0.46 to 1.40) .444 0.832 .659 0.0

SES group
Low SES group 1 0.77 (0.42 to 1.43)b .412 2.501 .112 67.0
Mixed/unspecified SES group 5 1.36 (0.99 to 1.87) .060 1.274 .867 0.0

Country
Europe 3 1.37 (0.96 to 1.96) .079 0.192 .910 0.0
North America 1 0.64 (0.14 to 2.94)b .569 1.202 .537 33.0
Other/unspecified 2 1.05 (0.52 to 2.12) .896 1.871 .172 46.0

Convenience sample
Convenience samples 1 0.77 (0.42 to 1.43)b .412 2.501 .112 67.0
No convenience samples 5 1.36 (0.99 to 1.87) .060 1.274 .867 0.0

Preeclampsia
All studies 4 1.35 (0.95 to 1.92) .089 3.223 .358 7.0
Study quality

Above quality threshold 4 1.35 (0.95 to 1.92) .089 3.223 .358 7.0
Below quality threshold 0

Diagnostic measure of depression
Diagnostic 1 2.72 (0.10 to 70.80)b .547 0.171 .683 5.0
Not diagnostic 3 1.37 (0.90 to 2.09) .139 3.042 .219 34.0

Any adjusted data
Adjusted findings 1 2.50 (1.13 to 5.54)b .024 2.801 .093 88.0
Unadjusted findings 3 1.18 (0.82 to 1.69) .364 0.402 .820 0.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
1 2.72 (0.10 to 70.80)b .547 0.171 .683 5.0

Antidepressant medication use 
not excluded/controlled

3 1.37 (0.90 to 2.09) .139 3.042 .219 34.0

continued
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Table 2 (continued). Effect of Maternal Depression on Birth Outcomes: Meta-Analyses Results
Within Group

Heterogeneity Effect of Moderator

Analysis
No. of 
Studies

Odds Ratio or Mean 
Difference (95% CI)a

P 
Value

Q(df) 
Within P Value

I2 (percentage 
of variance 
explained)

Q(df) 
Between

P 
Value

I2 (percentage 
of variance 
explained)

Preeclampsia (continued)
Smoking

Smoking excluded/adjusted 1 2.50 (1.13 to 5.54)b .024 2.801 .093 88.0
Smoking not excluded/adjusted 3 1.18 (0.82 to 1.69) .364 0.402 .820 0.0

SES group
Low SES group 0
Mixed/unspecified SES group 4 1.35 (0.95 to 1.92) .089 3.223 .358 7.0

Country
Europe 3 1.37 (0.90 to 2.09) .139 3.042 .219 34.0
North America 1 2.72 (0.10 to 70.80)b .547 0.171 .683 5.0
Other/unspecified 0

Convenience sample
Convenience samples 1 2.72 (0.10 to 70.80)b .547 0.171 .683 5.0
No convenience samples 3 1.37 (0.90 to 2.09) .139 3.042 .219 34.0

Breastfeeding initiation
All studies 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0
Study quality

Above quality threshold 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0
Below quality threshold 0

Diagnostic measure of depression
Diagnostic 0
Not diagnostic 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0

Any adjusted data
Adjusted findings 0
Unadjusted findings 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
0

Antidepressant medication use 
not excluded/controlled

4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0

Smoking
Smoking excluded/adjusted 0
Smoking not excluded/adjusted 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0

SES group
Low SES group 0
Mixed/Unspecified SES group 4 0.68 (0.61 to 0.76) < .0001 0.943 .815 0.0

Country
Europe 2 0.67 (0.60 to 0.75) < .0001 0.491 .484 0.0 0.261 0.613 27.0
North America 2 0.73 (0.54 to 1.01) .055 0.201 .656 0.0
Other/unspecified 0

Convenience sample
Convenience samples 1 0.69 (0.46 to 1.04)b .076 0.011 0.923 1.0
No convenience samples 3 0.68 (0.61 to 0.76) < .0001 0.932 .627 0.0

APGAR at 1 minute
All studies 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0
Study quality

Above quality threshold 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0
Below quality threshold 0

Diagnostic measure of depression
Diagnostic 2 0.09 (−0.37 to 0.54) .709 0.391 .531 0.0 0.491 .485 55.0
Not diagnostic 1 −0.10 (−0.36 to 0.16)b .450

Any adjusted data
Adjusted findings 0
Unadjusted findings 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
2 0.09 (−0.37 to 0.54) .709 0.391 .531 0.0 0.491 .485 55.0

Antidepressant medication use 
not excluded/controlled

1 −0.10 (−0.36 to 0.16)b .450

Smoking
Smoking excluded/adjusted 0
Smoking not excluded/adjusted 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0

SES group
Low SES group 0
Mixed/unspecified SES group 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0

continued
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Table 2 (continued). Effect of Maternal Depression on Birth Outcomes: Meta-Analyses Results
Within Group

Heterogeneity Effect of Moderator

Analysis
No. of 
Studies

Odds Ratio or Mean 
Difference (95% CI)a

P 
Value

Q(df) 
Within P Value

I2 (percentage 
of variance 
explained)

Q(df) 
Between

P 
Value

I2 (percentage 
of variance 
explained)

Apgar at 1 minute (continued)
Country

Europe 0
North America 3 −0.05 (−0.28 to 0.17) .638 0.882 .644 0.0
Other/unspecified 0

Convenience sample
Convenience samples 2 −0.05 (−0.29 to 0.19) .682 0.861 .353 0.0 0.021 .899 2.0
No convenience samples 1 −0.10 (−0.84 to 0.64)b .791

Apgar at 5 minutes
All studies 4 0.01 (−0.08 to 0.11) .782 3.273 .352 8.3
Study quality

Above quality threshold 4 0.01 (−0.08 to 0.11) .782 3.273 .352 8.3
Below quality threshold 0

Diagnostic measure of depression
Diagnostic 3 −0.01 (−0.20 to 0.18) .906 3.142 .208 36.0 0.011 .922 0.0
Not diagnostic 1 0.00 (−0.12 to 0.12)b > .999

Any adjusted data
Adjusted findings 0
Unadjusted findings 4 0.01 (−0.08 to 0.11) .782 3.273 .352 8.3

Antidepressant medication
Antidepressant medication use 

excluded/controlled
3 −0.01 (−0.20 to 0.18) .906 3.142 .208 36.0 0.011 .922 0.0

Antidepressant medication use 
not excluded/controlled

1 0.00 (−0.12 to 0.12)b > .999

Smoking
Smoking excluded/adjusted 1 −0.20 (−0.54 to 0.14)b .248 1.701 .196 51.0
Smoking not excluded/adjusted 3 0.03 (−0.06 to 0.12) .497 1.602 .449 0.0

SES group
Low SES group 0
Mixed/unspecified SES group 4 0.01 (−0.08 to 0.11) .782 3.273 .352 8.3

Country
Europe 0
North America 4 0.01 (−0.08 to 0.11) .782 3.273 .352 8.3
Other/unspecified 0

Convenience sample
Convenience samples 3 0.02 (−0.10 to 0.14) .759 2.832 .243 29.0 0.391 .533 12.0
No convenience samples 1 −0.10 (−0.45 to 0.25)b .579

NICU admission
All studies 6 1.43 (0.83 to 2.47) .195 6.465 .264 22.6
Study quality

Above quality threshold 5 1.48 (0.78 to 2.81) .235 6.464 .167 38.0 0.0011 .979 0.0
Below quality threshold 1 1.43 (0.15 to 13.26)b .752

Diagnostic measure of depression
Diagnostic 4 1.23 (0.56 to 2.70) .601 4.073 .254 26.0 0.941 .332 15.0
Not diagnostic 2 2.09 (1.02 to 4.28) .045 0.121 .726 0.0

Any adjusted data
Adjusted findings 2 1.35 (0.57 to 3.20) .497 3.351 .067 70.0 0.221 .637 3.0
Unadjusted findings 4 1.84 (0.70 to 4.87) .216 2.573 .463 0.0

Antidepressant medication
Antidepressant medication use 

excluded/controlled
5 1.48 (0.78 to 2.81) .235 6.464 .167 38.0 0.0011 .979 0.0

Antidepressant medication use 
not excluded/controlled

1 1.43 (0.15 to 13.26)b .752

Smoking
Smoking excluded/adjusted 3 1.20 (0.58 to 2.49) .621 4.012 .134 50.0 1.501 .218 23.0
Smoking not excluded/adjusted 3 2.79 (0.91 to 8.55) .073 0.512 .776 0.0

SES group
Low SES group 0
Mixed/unspecified SES group 6 1.43 (0.83 to 2.47) .195 6.465 .264 22.6

Country
Europe 1 0.90 (0.51 to 1.58)b .715 3.902 .143 60.0
North America 4 1.84 (0.70 to 4.87) .216 2.573 .463 0.0
Other/unspecified 1 2.18 (1.02 to 4.66)b .044

Convenience sample
Convenience samples 3 1.90 (0.54 to 6.72) .320 2.512 .285 20.0 0.241 .626 4.0
No convenience samples 3 1.33 (0.68 to 2.60) .402 3.372 .186 41.0

aPooled effect size estimated by using random-effects model.   bPooled effect size estimated by using fixed-effects model.
Abbreviations: NICU = neonatal intensive care unit, SES = socioeconomic status.
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Apgar score at 5 minutes (mean difference = 0.01; 95% CI, 
−0.08 to 0.11; P = .782; see Supplementary eFigure 6). Het-
erogeneity was not significant across studies and none of the 
subanalyses performed resulted (Table 2) in significance.

Neonatal Intensive Care Unit Admissions
No significant associations were found between exposure 

to maternal depression and the odds of NICU admissions 
(OR = 1.43; 95% CI, 0.83 to 2.47; P = .195; see Supplemen-
tary eFigure 7) in the main analysis, which pooled 6 studies. 
Heterogeneity was not significant, nor were the moderator 
analyses. However, the subanalyses based on the use of non-
diagnostic measures of depression were significant as was the 
analysis based on studies using “other or unspecified” coun-
tries, but this analysis was based on only 1 study (Table 2).

Publication Bias
We did not find evidence for the presence of publication 

bias for the majority of outcomes, except breastfeeding initia-
tion, Apgar at 5 minutes, birth weight, and NICU admissions. 
We used Duval and Tweedie’s trim-and-fill procedure27 to 
assess for publication bias and found there was only minor 
impact on the estimates. The adjusted OR for breastfeed-
ing initiation was 0.67 (95% CI, 0.61 to 0.74; P < .0001) 
following the trim-and-fill procedure. The adjusted mean 
difference following trim and fill was 0.04 (95% CI, −0.06 to 
0.15; P = .399) for Apgar at 5 minutes and was −7.35 (95% 
CI, −56.29 to 41.60; P = .769) for birth weight. The NICU 
adjusted OR was 1.21 (95% CI, 0.71 to 2.08; P = .482).

DISCUSSION
This study reports on a systematic review and meta- 

analysis examining the effect of maternal depression ante-
natally on perinatal outcomes. It is the first, as far as we are 
aware, to report on diverse perinatal outcomes, including 
premature delivery, gestational age, birth weight, low birth 
weight, preeclampsia, breastfeeding initiation, Apgar scores 
at 1 and 5 minutes, and NICU admissions. Of the various 
outcomes, few significant associations were found, which is 
reassuring given how common depression is. Our most con-
sistent findings were the associations of maternal depression 
with premature delivery and the lower likelihood of breast-
feeding initiation.

Premature delivery was associated with maternal depres-
sion during pregnancy in our main analysis and many of 
our subanalyses. As there was a moderate amount of study 
heterogeneity, we found that the moderator of sample type 
accounted for 16% of the variance overall and that conve-
nience samples pooled to an OR of over 2. Subgroup analyses 
for studies that did not adjust for significant confounders, 
such as smoking or antidepressant medication use, and for 
studies that were based on low socioeconomic status sam-
ples had significant pooled ORs, yet the moderator analyses 
were not significant and thus did not account for significant 
variability. Interestingly, it was typically the methodologi-
cally inferior groupings that had significant pooled ORs (ie, 
unadjusted data, convenience samples, and medication not 
controlled for). Moreover, regardless of significance, the 
pooled ORs for the preterm outcome analyses were largely of 
the same magnitude and were generally below 2, which sug-
gest the effects are modest, albeit statistically significant.52 
The ORs for premature delivery pooled from convenience 
samples and low socioeconomic status mothers were above 2 
but potentially confounded. Convenience samples that were 
included consisted primarily of women attending specialty 
hospital clinics, and thus these women may have had other 
reasons for a higher likelihood of premature delivery.

Breastfeeding was also less likely to be initiated when 
mothers were depressed during pregnancy. Once again, 
however, the ORs were not striking and only 4 studies were 
included in the analysis, although this association does appear 
plausible. Breastfeeding can be challenging to establish, and 
for women who are experiencing depressive symptoms that 
limit their abilities to stay focused, it is not surprising that 
they may be less likely to engage. Interestingly, however, we 
cannot exclude that the mothers were less likely to breast-
feed because they were taking antidepressant medication, as 
none of the studies provided any data or eligible data that we 
could pool on breastfeeding that adjusted for antidepressant 
medication exposure.

Low birth weight was found to be associated with mater-
nal depression in the subanalysis using adjusted data, but this 
finding was based on 3 studies. Other significant subanalyses 
were also found, but they were based on no more than 3 
studies and the effects were of a low magnitude. Additional 
research is warranted to further understand if there is a 

0.5 1 2

Figure 3. Exposure to Depression in Utero and the Odds Ratio for Breastfeeding Initiation: Meta-Analysis 
Results for All Studies

Study
Odds 
Ratio 95% CI

Weight 
(fixed), %

Weight 
(random), %

Larsson et al,38 2004 0.97 0.35 to 2.72 1.0 1.0
Deave et al,41 2008 0.67 0.60 to 0.75 87.9 87.9

Fairlie et al,43 2009 0.80 0.49 to 1.33 4.3 4.3

Lancaster et al,18 2010 0.69 0.46 to 1.04 6.7 6.7

Fixed-effects model 0.68 0.61 to 0.76 100 …

Random-effects model 0.68 0.61 to 0.76 … 100
Heterogeneity: I2 = 0%, τ2 = 0, P = .8149
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relationship between maternal depression during pregnancy 
and the outcomes that did have significant subanalyses.

Grote and colleagues’ meta-analysis20 also found that 
women with antenatal depression were at increased risk for 
preterm birth; however, their results were also not strik-
ing, with overall relative risks that were below 2 and were 
found to vary depending on whether or not categorical 
measures of depression were used as well as socioeconomic 
status in some subanalyses. The risk of low birth weight was 
significantly associated with depression during pregnancy 
but was larger in developing countries. Our results concur 
with Grote and colleagues’ overall preterm birth analysis, 20 
though we found the use of convenience samples to inflate 
the magnitude of the ORs. The pooled OR for our low socio-
economic status subgroup was significant, while the mixed/ 
unspecified socioeconomic status subgroup was not. How-
ever, high heterogeneity was found among the studies using 
Huedo-Medina and colleagues’ cutoffs,28 with I2 of 25% 
representing low heterogeneity, 50% medium, and 75% 
high. The overall moderator analysis with socioeconomic 
status did approach significance (P = .07). Our birth weight 
analysis did not demonstrate a significant association with 
maternal depression during pregnancy. Although our birth 
weight subanalysis approached significance for socioeco-
nomic status as a source of heterogeneity, there was only 1 
study in the low socioeconomic status group. Our low birth 
weight subanalyses for studies that used adjusted data and 
for those that excluded smoking were significant; the mixed 
or unspecified socioeconomic status grouping approached 
significance, which concurs with the Grote et al analysis.20 
Differences from the Grote et al analyses20 can be explained 
by the inclusion of different studies. For example, we included 
6 additional studies11,12,35,41,43,51 in our preterm analysis that 
Grote et al20 did not, while Grote et al20 included 14 studies 
overall that we did not. The 14 articles we excluded were for 
the following reasons: they did not report data on a compari-
son group,53–55 had a cross-sectional design,54 had an unclear 
measure of depression,56–58 were not published in English 
(though we did include an article9 that was a future publica-
tion and utilized the same cohort of women),59 or did not 
present data in a suitable form.60–66 Moreover, our analyses 
replicated and extended Grote et al,20 as we included 7 addi-
tional outcomes.

Preterm birth, although poorly understood, is not a benign 
birth outcome, but rather a recognized public health concern. 
Premature infants are at increased risk for death and morbid-
ity, especially neurodevelopmental disabilities.67–69 Although 
substantial advances have been made in obstetrical care, these 
advances do not appear to have had a significant impact on 
the rates of preterm birth, with rates in Canada rising from 
7.0% in 1995 to 8.2% in 2004.68 The impact on the health care 
system is also substantial. Preterm infants incur higher costs 
compared to term infants, with average in-hospital costs for a 
singleton preterm (< 37 weeks) infant of $9,233 as compared 
to $1,050 for full-term infants, and the costs rise with decreas-
ing gestational age.69 As a result, even the modest increase in 
preterm birth seen to be associated with maternal depression 

during pregnancy in this study can have a substantial impact, 
as the North American preterm birth rate is approximately 
13%.70 Similarly, a recent review71 concluded that breastfeed-
ing is associated with reduced risk for a variety of pediatric 
diseases, including acute otitis media, gastroenteritis, lower 
respiratory tract infections that become severe, atopic der-
matitis, asthma in childhood, types 1 and 2 diabetes and  
obesity, leukemia during childhood, and, lastly, sudden 
infant death syndrome. Infants born to mothers who expe-
rience antenatal depression may be at increased risk for these 
diseases, as these mothers are less likely to initiate breastfeed-
ing. However, insisting a woman breastfeed if she is having 
difficulty or experiencing anxiety or depression should be 
weighed with the adverse psychological effects this may 
incur, such as increased symptomatology and guilt.72,73 

Preeclampsia as an outcome was not significant overall, 
but the pooled OR did approach significance. The adjusted 
data subanalysis was significant, albeit it was based on 1 
study. This outcome has implications for both the mother 
and baby and can be an obstetrical emergency as well as life 
threatening. As a result, clinicians must be made aware of 
this potential association, despite the fact that future research 
will need to further assess this potential outcome. Maternal 
depression during pregnancy in this analysis was found to 
be associated with some adverse perinatal outcomes, and, 
although more research is needed of superior methodologi-
cal quality, the risks of untreated depression on both mother 
and baby must be taken into consideration when making 
treatment decisions.

Strengths and Limitations
The primary strength of our work is our concurrent 

investigation of a number of outcomes and possible mod-
erator variables. Having a broader understanding of many 
outcomes aside, assessing for the effects of potential con-
founders has the potential to advance the field, given our 
concerns that the known methodological limitations may 
have an untoward impact on our conclusions. An additional 
strength of this work is our application of a rigorous qual-
ity assessment procedure in the evaluation of the identified 
studies. Because of a limited number of studies that fell below 
the quality threshold, we reported results on all studies. The 
quality of studies was not a significant source of heteroge-
neity for any of the outcomes; however, most studies were 
above the quality threshold, with only 1 or 2 studies falling 
below the threshold for any given analysis.

The primary limitations of our work follow from the 
weaknesses of the original articles included in our meta-
analysis. For example, our analysis indicates that the 
association between preterm birth and maternal depres-
sion was stronger among studies drawing from convenience 
samples, suggesting that study design may well influence 
the likelihood of observing a significant effect of a given 
outcome. Convenience samples were those that did not 
appear to have been derived from consecutive or random 
sampling. Moreover, heterogeneity in the main analyses was 
found for preterm birth, gestational age, and birth weight. 
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We conducted subgroup analyses for the remainder of the 
outcomes for consistency, as they were planned a priori. We 
did expect to find heterogeneity among the other outcomes, 
given the limitations of many of the studies and that some 
of the moderator variables are known to affect birth out-
comes, but, regardless, their pooled ORs were not significant. 
This may be a question of not having had enough power. 
Alternatively, the settings from which the populations were 
drawn varied from a tertiary care academic institution of 
mostly high-risk obstetrical women18 to a tertiary hospital 
in Pakistan in which mainly failed or complicated deliveries 
are seen12 to studies from countries such as Sweden in which  
antenatal care rates and public hospital delivery rates are 
almost 100%.14,38 These differences in study populations  
can not only affect generalizability of the results but also 
account for the heterogeneity seen. Most of the studies were 
based on small sample sizes; for example, in the preterm anal-
ysis, 6 of the studies were based on fewer than 100 patients 
in the depressed group and, of these, 3 had fewer than 25 
women. Moreover, several of the subanalyses were based on 
fewer than 3 studies, limiting any conclusions. Although we 
did find evidence of publication bias for 4 outcomes, the 
effect did not appear to significantly affect the outcomes.

Clinical research, which is often observational in nature, 
suffers from inherent issues of feasibility and practicality—
namely, with regards to identifying a large enough sample 
with sufficient data on both exposure to untreated antenatal 
depression and pregnancy outcomes. However, there are a 
few simple means of improving study design when investi-
gating the impact of maternal depression during pregnancy. 
In order to improve the quality of the assessment of expo-
sure in future research, it is critical to have a diagnostic 
measure of depression along with a rating measure (either 
clinician rated or self-report) in order to assess the impact 
of depression severity. Although our meta-analysis did not 
find that results differed on the basis of whether diagnostic 
measures were used, Grote et al20 did find this. For our pre-
term outcome, only 5 articles utilized a structured interview 
to classify subjects with a major depressive episode versus 
those that did not meet criteria, and only 1 article combined 
it with a depression inventory to ensure a minimum level of 
depression severity for classification of the depressed group 
at study entry. Even though half the number of studies used 
diagnostic measures compared to those that did not, the 
pooled OR was higher (1.54 versus 1.32) albeit not statisti-
cally significant but approached it (P = .078). As the studies 
utilizing rating scales as opposed to diagnostic measures of 
depression were used to classify the depressed group, it is 
unclear how many of those women in the 10 pooled studies 
that did not use diagnostic measures actually had a clini-
cal diagnosis of a major depressive episode, as rating scales 
measure the probability of the disorder. Furthermore, the 
studies that used the rating scales also did not use the same  
cutoff scores. For example, while 13 is the recommended 
cutoff for the EPDS when used with an antenatal population, 
Larsson et al38 used > 10 in order to not miss any women with 
“minor depression,” while other studies utilized a cutoff of 

13 or 14.9,12,17,41,43,50 The 3 studies that measured depression 
with the 21-item BDI each utilized a different cutoff score 
(≥ 10 to include “mild to moderate depression,”46 > 14.5 for 
“elevated”/“high-level” of depressive symptomatology,35 and 
≥ 21 to include just “presumptive clinical depression”32). Stud-
ies utilizing the CES-D16,18,33,36,37,42,44,45,47 similarly employed 
a range of cutoff scores from 16 to 33. These differences lead 
to a further mixture in the analyses of the level of depres-
sion severity. Adverse neonatal outcomes may be related to 
the more severe end of the depression severity spectrum, 
although this association remains to be determined.

Similarly, standard definitions of outcomes should also be 
used. For example, preterm birth was found to be defined in 
numerous ways across studies, which posed challenges when 
trying to pool the data. The implications or causes of preterm 
birth may differ for births at < 37 weeks, which is what was 
used in this meta-analysis where defined, versus those < 35 
weeks. In the 4 studies18,38,41,43 included in our breastfeeding 
analysis, breastfeeding measures or definitions were not stated 
or clearly delineated in most cases. One study38 reported 
“yes/no” breastfeeding, with no definition or measurement 
noted; another41 reported “ever breastfed,” with no definition 
or measurement explained; another18 outlined that electronic 
medical records were examined to determine “breast” versus 
“bottle-feeding status”; and still another43 defined “breast-
feeding initiation” by obtaining postdelivery interviews that 
asked mothers whether they had put their baby to their breast 
or had fed their baby their breast milk. Without standard 
definitions of outcome, we simply cannot be confident that 
we are pooling equivalent data and, thus, less confident in 
their being affected by maternal depression.

It is essential to measure and control for potential con-
founders that have been associated with adverse pregnancy 
outcomes in order to isolate the impact of the mood disorder 
itself. For example, although 7 studies in the preterm analysis 
controlled for or excluded smoking, 12 did not control for or 
exclude alcohol use. Smoking and alcohol use during preg-
nancy already have been associated with adverse outcomes, 
including spontaneous preterm delivery and fetal growth 
restriction.74,75 Further, both smoking and comorbid alcohol 
use have been associated with depression.76,77 Any study on 
maternal depression, therefore, should address the effects of 
these potential confounders in order to examine the inde-
pendent effect of depression. To address the highly debated 
issue of antidepressant use during pregnancy, researchers 
must control for exposure to psychotropic medication, and 
antidepressants in particular. These medications also have 
been implicated in adverse outcomes, and it is essential to 
be able to understand both their independent as well as their 
potentially synergistic effects. In our preterm birth analysis, 
for example, 6 studies did not appear to have antidepressant 
contamination. The subanalysis of studies that excluded 
antidepressant medications was not found to be statistically 
significant in our work, suggesting an effect for medication; 
however, the magnitude of the OR was similar to the pooled 
OR for studies that did not exclude antidepressant medica-
tion. Large-scale, prospective studies that control for various 
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confounding variables are needed to further examine the 
effects of maternal depression on perinatal outcomes so 
that clinical recommendations can be made with increased 
confidence.

Implications
This study was part of a larger investigation that sought to 

develop a reference guide to inform evidenced-based deci-
sions when deciding on antidepressant treatment during 
pregnancy. Although more methodologically rigorous 
research is needed and depression did not appear to affect 
all perinatal outcomes, the effects of depression were not 
without consequence and should be given consideration. 
It is important to note that the controversy surrounding 
treatment of depression during pregnancy often ignores 
the effects of depression. Although we did study multiple 
perinatal outcomes, we did not exhaust them. For example, 
depression can significantly impact quality of life, not only 
for the mother but also for her family. Suicide can be a con-
sequence of depression, and clinicians must always assess 
their patients for it as well as weigh heavily its potential when 
making treatment decisions. Nonpharmacologic treatment 
options for depression do exist, but research on their effec-
tiveness during pregnancy is lacking. Clearly there is a need 
for additional research in the antenatal period.
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Supplementary eFigure 1. Exposure to depression in utero and the difference in gestational age (weeks): 

meta-analysis results for all studies.  Abbreviations: see Figure 2. 
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Supplementary eFigure 2. Exposure to depression in utero and the difference in birth weight (grams): meta-analysis results for all studies. Abbreviations: see Figure 2.
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Supplementary eFigure 3. Exposure to depression in utero and the odds ratio for low birth weight (<2500 

grams): meta-analysis results for all studies.  Abbreviations: see Figure 2. 
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Supplementary eFigure 4. Exposure to depression in utero and the odds ratio for preeclampsia: meta-

analysis results for all studies.  Abbreviations: see Figure 2. 
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Supplementary eFigure 5. Exposure to depression in utero and the difference in APGAR scores at 1 

minute: meta-analysis results for all studies.  Abbreviations: see Figure 2. 
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Supplementary eFigure 6. Exposure to depression in utero and the difference in APGAR scores at 5 

minutes: meta-analysis results for all studies.  Abbreviations: see Figure 2. 
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Supplementary eFigure 7. Exposure to depression in utero and the odds ratio for Neonatal Intensive Care 

Unit (NICU) admissions: meta-analysis results for all studies.  Abbreviations: see Figure 2. 
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