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Abstract

The association between perinatal depression and infant cognitive development has been

well documented in research based in high-income contexts, but the literature regarding the

same relationship in low and middle-income countries (LMICs) is less developed. The aim

of this study is to systematically review what is known in this area in order to inform priorities

for early intervention and future research in LMICs. The review protocol was pre-registered

on Prospero (CRD42018108589) and relevant electronic databases were searched using a

consistent set of keywords and 1473 articles were screened against the eligibility criteria.

Sixteen articles were included in the review, seven focusing on the antenatal period, eight

on the postnatal period, and one which included both. Five out of eight studies found a signif-

icant association between antenatal depression (d = .21-.93) and infant cognitive develop-

ment, while four out of nine studies found a significant association with postnatal depression

(d = .17-.47). Although the evidence suggests that LMICs should prioritise antenatal mental

health care, many of the studies did not adequately isolate the effects of depression in each

period. Furthermore, very few studies explored more complex interactions that may exist

between perinatal depression and other relevant factors. More high-quality studies are

needed in LMIC settings, driven by current theory, that test main effects and examine mod-

erating or mediating pathways to cognitive development.

1. Introduction

The global prevalence of perinatal depression has been estimated at 11.9%, but a recent meta-

regression has shown a significant difference between high income countries (HICs) and low-

and middle-income countries (LMICs) [1]. According to this review, the mean adjusted

pooled prevalence of perinatal depression is 11.4% in HICs and 13.1% in LMICs. These

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0253790 June 25, 2021 1 / 25

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Bluett-Duncan M, Kishore MT, Patil DM,

Satyanarayana VA, Sharp H (2021) A systematic

review of the association between perinatal

depression and cognitive development in infancy in

low and middle-income countries. PLoS ONE

16(6): e0253790. https://doi.org/10.1371/journal.

pone.0253790

Editor: Angela Lupattelli, University of Oslo,

NORWAY

Received: February 6, 2021

Accepted: June 14, 2021

Published: June 25, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0253790

Copyright: © 2021 Bluett-Duncan et al. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

information files.

https://orcid.org/0000-0002-7539-6746
https://doi.org/10.1371/journal.pone.0253790
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253790&domain=pdf&date_stamp=2021-06-25
https://doi.org/10.1371/journal.pone.0253790
https://doi.org/10.1371/journal.pone.0253790
https://doi.org/10.1371/journal.pone.0253790
http://creativecommons.org/licenses/by/4.0/


findings are supported by another review which reported that the prevalence of common peri-

natal mental disorders in LMICs is higher than that found in HICs, with weighted mean preva-

lence reported as 15.9% antenatally and 19.8% postnatally [2]. Both studies drew data from

studies that used a combination of diagnostic instruments and symptoms scales.

1.1 Sensitive period for cognitive development

Cognitive development refers to the whole range of mental activities and skills, including mem-

ory, language, learning, problem solving, perception and social cognition [3]. During infancy

cognition is typically assessed in terms of developmental milestones, including motor actions

and language skills, and is conceptualised broadly as cognitive development, rather than the

specific higher order functions, such as executive function and complex problem solving, that

emerge later [4]. In view of this, and in view of the developing nature of the literature in LMIC

settings, this review utilises an inclusive and focused conceptualisation of global infant cognitive

development that includes early mental, language and psychomotor milestones.

The perinatal period, and beyond into infancy, has received particular attention in HIC

research because it represents an important and sensitive stage where children are at their

most receptive stage of development [5–7]. From conception, up until around 3 years, the

brain exhibits a high level of neural plasticity and rapid synapse formation that enhance the

capacity of the child to learn and develop [8]. Neural connections are formed that affect devel-

opment throughout the life course and provide the basis for future social, emotional and cog-

nitive development [9]. While this is beneficial for development under optimal conditions,

adverse life experiences during this time can have long-lasting, detrimental effects [10].

1.2 High-income settings

The possible detrimental effects of perinatal depression on infant health and development have

been well documented in research from HICs. Significant deleterious impacts have been

observed in brain development, regulatory behaviours, acquisition of developmental milestones

and various other behavioural, emotional, and physical outcomes [11–13]. In addition, there is

a significant body of evidence supporting the presence of an association between perinatal

depression and poor infant cognitive outcomes, summarised in a number of systematic reviews

and meta-analyses [14–19]. However, although generally significant, effects are generally small

and long-term effects tend to be confined to high-risk samples and subgroups of infants

experiencing additional risks, suggesting the presence of a complex interaction of different fac-

tors, rather than a simple and direct relationship [20]. As such, developmental frameworks have

become progressively more complex and HIC research has increasingly turned to the investiga-

tion of different mechanisms underlying the transmission of risk from perinatal depression to

impaired infant cognitive development [21]. These mechanisms are not the focus of this review,

but detailed discussion of the relevant processes can be found elsewhere [9, 22].

1.3 Low- and middle-income settings

In LMICs, where infants are generally exposed to a larger number and range of adversities, the

impact of factors such as perinatal depression are likely to be magnified [23]. Although depres-

sion may act in a similar way regardless of context, the co-occurrence of additional risk factors

in LMICs is anticipated to result in increasingly compromised development, relative to that

observed in HICs [5]. While a number of broader systematic reviews have included the rela-

tionship between perinatal depression and cognitive development in LMIC settings [24–27],

there has not yet been a focused synthesis of studies on perinatal depression and cognitive

development conducted in the LMIC context. A recent systematic review of studies examining
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the impact of perinatal mental health on infant neurodevelopment in LMIC settings [28]

included both a wide range of perinatal mental health disorders (e.g. schizophrenia, mania,

PTSD, anxiety, depression) which may have very distinct effects on infant development, and a

wide range of child outcomes to age 2 (gross and fine motor, cognitive, language, behavior and

social-emotional development). The narrative synthesis therefore did not provide an in-depth

evaluation of the evidence for effects of perinatal depression per se on cognitive development

specifically. The authors concluded “Due to heterogeneity of reported types of maternal health

disorders and different domains of developmental outcomes, it was not possible to draw a

definitive conclusion about the association between prenatal exposure to maternal mental

health and child development” [28, p. 168].

Finally, although there now have been a number of individual studies that have explored

the relationship between perinatal depression and infant cognitive development in LMIC set-

tings, the overall literature in this context is not yet well developed and has not been synthe-

sised. As such, it is expected that the majority of research identified in this review will be

focused on investigating the presence of main effects of perinatal depression on infant out-

comes, rather than on testing the more complex interplay between factors that has more

recently emerged in the HIC literature.

1.4 Identifying independent effects of depression at different time-points

An important distinction demonstrated in research from HICs is that depression during the

antenatal and postnatal periods exert independent effects on development and act on develop-

ment through different mechanisms [29]. Accordingly, it is important to delineate indepen-

dent and cumulative effects. In order to establish whether there is an independent effect within

these distinct periods, studies need to satisfy two criteria. Firstly, because the presence of a

depressive episode in one period is significantly associated with a depressive episode in the

other, studies focusing on the influence of one period should adequately control for the effects

of the other [30, 31]. Secondly, studies investigating depression in either period on later cogni-

tive outcome should account for the effects of concurrent depressive symptoms at the time of

cognitive testing. Perinatal depression is known to increase the likelihood of future episodes of

depression so any apparent cognitive impairments may be the result of current, rather than

prior perinatal symptoms of depression, reflecting either a true impact on cognition, when

assessed by independent observers, or, more often, a view of the child that is distorted by

depressive symptoms when cognition is assessed via maternal report [32–34].

1.5 Aims of this review

The primary purpose of this review was to synthesise the evidence for the independent and

joint effects of antenatal and postnatal depression on the cognitive development of infants

aged 0–3 years in LMICs. The strength of the evidence for the independent effects will be dis-

cussed in terms of whether studies have adequately controlled for concurrent depressive symp-

toms and depressive episodes at other time-points in the perinatal period. These findings can

then be used to inform recommendations for early intervention and the progression of the lit-

erature in this area in terms of how studies in LMICs can be designed to more effectively test

current theory.

2. Materials and methods

This research adhered to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines for systematic review [35]. A protocol was completed prior to

the review being carried out and registered on Prospero (CRD42018108589).
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2.1 Inclusion and exclusion criteria

Observational studies (prospective, cross-sectional, case-control) were eligible for inclusion if

they quantitatively assessed the association between maternal depression during pregnancy

and/or the first 12 months post-birth and cognitive development in infants aged 0–3 years,

and if a) maternal depression was diagnosed through a standardised diagnostic interview, or a

validated symptom questionnaire or screening tool, b) cognitive development was assessed

using a direct, validated measure of cognitive or language ability, and c) the research was car-

ried out in a LMIC as designated by the World Bank.

Due to the emerging nature of the literature, this review has leaned toward overinclusion of

studies, and therefore RCTs were also eligible for inclusion if they a) presented findings on the

control arm of the study, b) present findings using baseline data, or c) they appropriately

adjusted for intervention effects in the full sample. No historical time-limits were imposed on

publication dates. Final searches included studies published in May 2020.

Studies were excluded if a) depressive symptoms were assessed as part of a general mental

health assessment from which it was not possible to isolate the effects of depression (e.g. SRQ-

20), b) they examined specific patient populations (mother or infant) with any physical disease

or disorder that may impact cognitive development, other than maternal depression, c) devel-

opment was assessed using implied measures of cognition, or d) they were case-series’ or case-

studies.

2.2 Definitions

2.2.1 Perinatal depression. Defined as a non-psychotic depressive episode of mild to

major severity that occurs during pregnancy or up to 12 months postnatal [24], diagnosed

through standardised diagnostic interviews or validated symptom scales, and not restricted to

confirmatory clinical diagnoses.

2.2.2 Infant cognitive development. This review utilises an inclusive conceptualisation of

global infant cognitive development that includes early mental, language and psychomotor

milestones.

2.2.3 Low- and middle-income country (LMIC). A country designated as a LMIC by the

World Bank at the point of data collection.

2.3 Search strategy and study selection

Eligible studies were identified using electronic and manual searches in October 2018. Follow-

up searches were completed in May 2020 to ensure that all relevant studies were included.

PubMed, PsychInfo and CINAHL were identified as the most relevant databases and searched

for relevant articles. Keywords relating to the research questions were identified and an overall

search strategy was devised using Boolean operators to combine free text and MeSH terms

(Fig 1). Free text terms were used uniformly across searches, but minor alterations were made

to tailor MeSH terms appropriately to each database. In order to reduce the impact of publica-

tion bias, the grey literature was also searched via ProQuest. Finally, reference lists of included

articles were hand-searched to identify any relevant articles not revealed by the electronic

search.

Study selection was completed in two phases (Fig 2). First, title and abstract screening of all

retrieved articles was completed independently by two reviewers (MBD and DP). Studies

which were deemed by both reviewers to meet inclusion criteria, or that were unclear, were

selected for full-text review. Studies that clearly did not meet inclusion criteria were excluded

at this point. Second, a full-text review of the remaining articles was completed independently

by both reviewers. Studies that were deemed to meet the inclusion criteria at this point were
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included in the final review. All final decisions were made by consensus between the two

reviewers. Where studies remained unclear or there were disagreements between the two

reviewers, articles were referred to a third reviewer (HS or TK) who independently reviewed

the articles and participated in the group consensus. Reasons for exclusion were recorded.

2.4 Quality assessment

Study quality was evaluated independently by two reviewers (MBD and DP) using the Newcas-

tle-Ottawa Scale (NOS) adapted for cohort studies [36]. Studies were appraised in 3 areas:

selection, comparability, and outcome. Each of these had a number of criteria which were

scored according to NOS guidelines, producing quality ratings of good, fair and poor. Each

study was assessed using a standardised form which included instructions and clarifications

where necessary for applying the scale to the current subject. One of the criteria from the

“selection” section (“Demonstration that outcome of interest was not present at the start of the
study”) was not appropriate to the study design in question since many aspects of cognitive

function cannot be assessed early in the perinatal period. However, rather than remove this

item and adjust the standardised scoring system, it was decided to simply give all the studies a

Fig 1. Example search strategy used with PubMed.

https://doi.org/10.1371/journal.pone.0253790.g001
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score of zero for this item. Thus, it may be that the quality assessments slightly underestimate

the quality of each study. Following independent review, any disagreements regarding quality

were solved by consensus.

2.5 Data extraction

Data extraction was completed independently by two reviewers (MBD and DP) using a stan-

dardised data extraction form that was created specifically for this review. Data extracted

included country/setting, study design, aims/hypotheses, sample size, sample characteristics,

measurement of exposure, measurement of outcome, perinatal stage at exposure, infant age at

outcome, statistical approach, confounding variables, mediating or moderating variables, and

main results (descriptive, unadjusted, adjusted). Following an initial piloting phase, data were

extracted and compared. Any disagreements were resolved by consensus, and any issues that

still lacked clarity were referred to HS. Where relevant data were missing study authors were

contacted to request specific information.

2.6 Analysis

Extraction included the recording of variables that were defined a priori: socioeconomic status,

maternal age, maternal education, infant gender, birthweight, intervention (if RCT). If meta-

analysis had been possible this set would have represented a minimum set of adjustment vari-

ables to compare the effect size of “adequately” controlled studies and “inadequately” con-

trolled studies. In practice, meta-analysis was not possible due to the variation between studies

in terms of their context and the measurement tools used. However, this set of variables were

considered when examining patterns in the data through narrative synthesis. Articles present-

ing findings regarding exposure to antenatal and postnatal depression were synthesised and

discussed separately.

Fig 2. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0253790.g002
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The adjusted standardised mean difference (d) between depressed and non-depressed

group was calculated wherever possible. If this was not possible, unadjusted effect sizes were

calculated using group means and standard deviations. The strength of the effect size can be

interpreted as follows: 0.2 = small; 0.5 = medium; 0.8 = large [37].

3. Results

16 studies were selected for inclusion in this review (Fig 1), 7 with a primary focus on antenatal

depression, 8 with a primary focus on postnatal depression, and 1 study that considered both

pre- and postnatal exposure. The majority of studies utilised a prospective-cohort design

(n = 10). A number of Randomised Controlled Trials (n = 6) were also included if they

reported on data from the control arm of the study or they controlled for the effect of the inter-

vention in the final analysis. Finally, there was one study which used a quasi-experimental

design.

3.1 Approach to narrative synthesis

Findings are grouped by perinatal period according to the main focus of each paper. Signifi-

cant results are presented first, followed by non-significant findings. Findings are then briefly

synthesised in terms of the adherence of each study to the requirements for assessing the inde-

pendent effects of maternal depression within each period and the inclusion by each study of

the a priori key adjustment variables.

Unless otherwise stated, beta coefficients given for main effects are unstandardized and

refer to the change in the number of points scored on a particular measure when a mother is

depressed, compared to when a mother is non-depressed. Means and standard deviations are

reported where available. All depression assessments are maternal self-report unless otherwise

stated.

3.2 Summary of antenatal studies

Table 1 provides a summary of the key features of the 8 antenatal studies. Antenatal studies

were conducted in five different countries: four in South Africa and one in each of China,

Mexico, Ukraine and Vietnam. Exposure to maternal depressive symptoms was assessed in

four studies by the Edinburgh Postnatal Depression Scale (EPDS) [38], twice with the Beck

Depression Inventory (BDI-I and BDI-II) [39, 40], once with the Symptom Checklist-

90-Revised (SC-90-R) [41] and once with the Structured Clinical Interview for DSM-IV diag-

noses (SCID) [42]. Six studies specified that depression was assessed during the 3rd trimester,

one during the 2nd trimester and one simply stated that the assessment was conducted during

the antenatal period. The Bayley Scales of Infant Development (BSID) were most commonly

utilised for assessing infant outcome, with four studies using the Bayley-III [43] and two stud-

ies using the Bayley-II [44]. Another study used the Gesell Scale [45] and the remaining study

used the Peabody Picture Vocabulary Test (PPVT) [46] and an executive function battery (EF)

[47]. Age at follow-up ranged from 6–30 months. One study was rated as good, six as fair, and

one as poor quality, according to the NOS. Adherence of each study to the key adjustment var-

iables defined in section 2.6 are summarised in Table 2.

3.2.1 Significant findings. Five out of eight studies found a significant association

between antenatal depression and infant cognitive development (Table 1). Four of these stud-

ies were fair quality [50–52, 55] and one was poor quality [49]. Results are described below and

summarised in S1 Table.

Arguably the most methodologically robust study in this review is Tran et al. [55]. Although

the study only received a quality rating of fair, it was the only study to control for both

PLOS ONE Perinatal depression and cognitive development in LMICs: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0253790 June 25, 2021 7 / 25

https://doi.org/10.1371/journal.pone.0253790


postnatal and concurrent depression. Using a prospective design to assess a sample in Viet-

nam, this study found a small effect of depression in that infants of depressed mothers

(M = 97.9, S.D. = 14.1) scored lower than infants of non-depressed mothers (M = 100.0, S.D. =

12.8, d = 0.15) on the Bayley-III. Importantly, the authors demonstrated that a significant asso-

ciation between depression and cognitive development at 6 months remained after controlling

for both postpartum and concurrent depressive symptoms (B = -4.80, p< 0.05). Lin et al. [51]

also controlled for concurrent depression but not postnatal depression. The authors assessed a

relatively high SES sample in China using a prospective design. Depression was associated

with significant deficits in language scores on the Gesell Scale at 24–30 months (B = -13.18,

p = 0.01). Unfortunately, no cognitive composite score was reported which means that the

findings are not easily comparable with other studies.

Table 1. Key features of included antenatal studies.

Authors Country Design Sample

(follow up

%a)

Exposure (Cut-

off)

Exposure

Timing

Outcome (Subscale) Outcome

Timing

Study

Quality

Significant

Association Found?

Bandoli et al.

[48]

Ukraine RCT 754 (45.6) BDI (�10) 32 weeks

gestation

Bayley-II (MDI) 6 & 12m Fair No

Breen et al. [49] South

Africa

Prosp. 149 (77.2) BDI-II (�15) 28–32 weeks

gestation

Bayley-III (Cognitive;

Language)

24m Poor Yes

Donald et al.

[50]

South

Africa

Prosp. 1143 (73.0) EPDS (>13) 28–32 weeks

gestation

Bayley-III (Cognitive;

Language)

24m Fair Yes

Lin et al. [51] China Prosp. 398 (56.5) SCL-90-R (N/A) 28–36 weeks

gestation

Gesell Scale

(Language)

24-30m Fair Yes

Munoz-Rocha

et al. [52]

Mexico Prosp. 760 (62.2) EPDS (�13) 3rd Trimester Bayley-III (Cognitive;

Language)

24-30m Fair Yes

Murray et al.

[53]

South

Africa

RCT 449 (58.5) SCID (N/A) Antenatal

period

Bayley-II (MDI) 18m Good No

Rotheram-Fuller

et al. [54]

South

Africa

RCT 1238 (80.0) EPDS (�13) 26 weeks

gestation.

Executive Function

Battery (OS, SS, STS)

36m Fair No

PPVT 36m

Tran et al. [55] Vietnam Prosp. 497 (76.1) EPDS-Vietnam

(�4)

>28 weeks

gestation.

Bayley-III (Cognitive) 6m Fair Yes

Key: Prosp. = Prospective; BDI = Beck Depression Inventory; EPDS = Edinburgh Postnatal Depression Scale; SCL = Symptom Checklist; SCID = Structured Clinical

Interview for DSM-IV; PPVT = Peabody Picture Vocabulary Test; MDI = Mental Development Index; OS = Operation Span; SS = Silly Sounds; STS = Something’s the

Same.
a Follow-up was calculated from the information provided regarding the number of mother-child dyads who completed developmental assessments and/or were

included in final analyses.

https://doi.org/10.1371/journal.pone.0253790.t001

Table 2. Key a priori adjustment variables identified for antenatal studies.

Study PND Concurrent Depression SES Maternal Age Maternal Education Infant Gender Birthweight

Bandoli et al. [48] No No Yes Yes Yes No No

Breen et al. [49] No No No No No No No

Donald et al. [50] No No Yes Yes Yes Yes Yes

Lin et al. [51] No Yes Yes Yes Yes Yes No

Munoz-Rocha et al. [52] No No No Yes Yes Yes Yes

Murray et al. [53] Yes No Yes Yes Yes No No

Rotheram-Fuller et al. [54] No No Yes No Yes No No

Tran et al. [55] Yes Yes Yes Yes Yes No Yes

https://doi.org/10.1371/journal.pone.0253790.t002
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The three other studies that found a significant association between antenatal depression

and cognitive outcomes did not account for postnatal or concurrent depression in their analy-

ses and so their results need to be interpreted with caution. Outside of this consideration, how-

ever, all are robust studies and are discussed next.

Two studies utilised data from the same prospective sample, the Drakenstein Health Study

in South Africa. Breen et al. [49] used a nested sub-sample while Donald et al. [50] used data

from the whole sample. Interestingly, the two studies used different tools to assess antenatal

depression, with Breen et al. using the BDI-II and Donald et al. using the EPDS. Breen et al.

[49] found that, at 24 months, infants of mothers who were depressed scored significantly

lower on the cognitive subscale of the Bayley-III (M = 83.7, S.D. = 6.2) than infants of non-

depressed mothers (M = 90.0, S.D = 7.8, d = 0.93) and they also scored significantly lower on

the language subscale (M = 83.8, S.D. = 14.1) than those of the non-depressed group

(M = 87.1, S.D. = 9.9, d = 0.29). In the full Drakenstein Health Study sample, Donald et al. [50]

reported unadjusted and adjusted associations between antenatal depression and both cogni-

tive and language outcomes, also using the Bayley-III. Unadjusted bivariate linear regression

analyses were carried out on the raw scores of the cognitive, receptive language and expressive

language subscales of the Bayley-III for the full sample and after splitting the sample by gender.

They reported a significant association between antenatal depression and cognitive outcomes

in boys only (B = -1.58, p< 0.05), and expressive language for the full sample (B = -1.06,

p< 0.05) and girls only (B = -1.96, p< 0.05). Adjusted analyses revealed a significant associa-

tion between antenatal depression and cognitive outcomes at 24 months for the full sample

after adjusting for a comprehensive set of confounders (β = −1.03, p = 0.027, d = 0.21). Final

results for the language subscale were not reported.

Similarly, Munoz-Rocha et al. [52] found evidence for a significant association between

antenatal depression and both cognitive and language development at 24 months in a Mexican

cohort study. This study was designed to investigate the role of blood manganese at different

points in the development of the foetus and incorporated this into their final models. In the

first model, which included 3rd trimester blood manganese as a covariate, depression during

the 3rd trimester was associated with significant deficits in both cognitive (B = -2.40, p< 0.01)

and language skills (B = -2.47, p< 0.01) assessed by the Bayley-III. However, in the second

model, which excluded antenatal levels of blood manganese but included levels of cord blood

manganese during birth, the coefficient was of similar magnitude but was only marginally sig-

nificant for both cognitive (B = -2.20, p = 0.06) and language skills (B = -2.17, p = 0.08).

3.2.2 Non-significant findings. The three studies that did not find a significant associa-

tion between antenatal depression and cognitive outcomes received good [53] and fair [48, 54]

quality ratings.

The key difference between Murray et al. [53] and many of the others in this review is that

exposure to antenatal depression was confirmed via diagnostic interview (SCID). In an RCT

from South Africa the authors first report an unadjusted ANOVA showing a significant differ-

ence between Bayley-II mental development index scores for infants of depressed (M = 81.4, S.

D. = 10.1) and non-depressed mothers (M = 84.8, S.D. = 5.1) (F(1,262) = 4.4, p = 0.04,

d = 0.33). This moderate effect remained significant after adjusting for 2 month (p< 0.03) and

6 month (p< 0.05) postnatal depression. However, the effect size was attenuated and became

marginal once intervention, risk and the intervention by risk interaction term were included

in the final model (F = 3.1, p = 0.08, d = 0.27). Risk was a composite measure that included

items relating to maternal age, maternal education and SES. Although non-significant, these

findings are indicative of a role for antenatal depression in infant cognitive development.

Rotheram-Fuller et al. [54] utilised data from an RCT in South Africa that was investigating

the efficacy of a home visiting intervention carried out by community health workers. The
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sample was split into four groups relating to the period during which depression was present:

never depressed, antenatal, postnatal, antenatal/postnatal. Although this approach does help to

isolate the effects of antenatal depression from exposure to postnatal and chronic depression,

the postnatal depression group was created from assessments at 2 weeks and 6, 18 and 36

months, which goes beyond the cut-off of 12 months defined as the postnatal period in the

inclusion criteria for this review. There were no significant differences between groups at 36

months on the PPVT or on two of the EF battery tasks. This study did not control for the inter-

vention but have reported that there was no effect of the intervention, independently or in

combination with maternal depressive group, on cognitive outcome. Bonferroni’s method for

computing p values and confidence intervals was used to account for multiple comparisons.

Finally, Bandoli et al. [48] found no evidence of an association with antenatal depression in

an RCT based in Ukraine. It is important to note that the authors were also interested in the

effect of periconceptional alcohol use and so the sample included a higher proportion of mod-

erate to heavy drinkers than would normally be found in a general population. Subsequently,

final models included periconceptional alcohol use as a covariate. The authors reported a non-

significant association between exposure to depressive symptoms at 32 weeks gestation and

Bayley-II mental development index scores at 6 months (B = -1.96, p> 0.05) and at 12 months

(B = -0.16, p> 0.05). There was also no significant mean difference between groups when

restricted to mothers who had not used alcohol at or around conception at either 6 or 12

months.

3.3 Summary of postnatal studies

Table 3 provides a summary of the key features of the postnatal studies. Postnatal studies were

conducted in 8 different countries: two in Bangladesh, and one in each of Barbados, Brazil,

India, Pakistan, South Africa, Uganda and Vietnam. Exposure to maternal depressive symp-

toms was assessed using the EPDS in three studies, the Centre for Epidemiologic Studies

Depression Scale (CES-D) [56] in two studies, and the Zung Depression and Anxiety Scale

(ZDAS) [57], the Aga Khan University Anxiety and Depression Scale (AKUADS) [58] and the

Mini International Neuropsychiatric Interview (MINI) [59] in one study each. Infant outcome

was assessed with a wide range of tools. The Bayley-II was utilised in three studies and the Bay-

ley-III in one study. The Mullen Scales of Early Learning (MSEL) [60], the Griffiths Mental

Development Scale [61], the Early Childhood Development Tool (ECD), and the Developmen-

tal Assessment Scales for Indian Infants (DASII) [62], and the executive function battery were

all used once. Exposure to depression was assessed from 2 months to 12 months and age at fol-

low up ranged for 3 months to 36 months. Several studies assessed the child at more than one

time-point or with more than one tool. Adherence of each study to the key adjustment vari-

ables defined in section 2.6 is summarised in Table 4.

3.3.1 Significant findings. Out of nine studies reviewed, four found an association

between postnatal depression and cognitive outcomes (Table 3). One was good quality [69],

two were fair quality [65, 68] and one was poor quality [58]. Results are described below and

summarised in S2 Table.

Quevedo et al. [69] was the only postnatal study to receive a ‘good’ quality rating. Two char-

acteristics set this study apart from many of the others. First, the authors took concurrent

depression into account, and secondly, the authors used a diagnostic interview to assess mater-

nal depression. Infants were assessed for language development at 12 months using the Bay-

ley-III and split into 4 groups according to mothers’ depression. Group means and unadjusted

effect size, with the no depression group used as the reference group, are reported in parenthe-

ses. The four groups were as follows, none (M = 108.6, S.D. = 17.0), postpartum (M = 107.2, S.
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D. = 16.5, d = 0.07), current (M = 105.9, S.D = 14.1, d = 0.16) and postpartum/current (97.4, S.

D. = 15.4, d = 0.66). Adjusted analyses showed that infants of mothers who reported depres-

sion had significantly lower language scores (B = -2.87 p< 0.01, d = 0.17) and post-hoc tests

revealed that this effect was only significant for the combined postpartum and current depres-

sion group.

Table 3. Key features of included postnatal studies.

Authors

(year)

Country Design Sample

(follow-up

%a)

Exposure (cut-

off)

Exposure

Timing

Outcome (Subscale) Outcome

Timing

Study

Quality

Significant

Association

Found

Ali et al. [58] Pakistan Quasi-Exp. 420 (91.6) AKUADS (�17) 1, 2, 6, 12, 18,

24 & 36m

ECD Tool

(Cognitive;

Language)

1-12m, 18, 24,

30 & 36m

Poor Yes

Black et al.

[63]

Bangladesh RCT 346 (63.9) CES-D (N/A) 12m Bayley-II (MDI) 6 & 12m Fair No

Familiar et al.

[64]

Uganda Prosp. 228 (95.6) CES-D (�16) 6m MSEL (Cognitive) 6 & 12m Poor No

Galler et al.

[64]

Barbados Prosp. 226 (48.5) ZDAS (�50) 7w & 6m Griffiths Scale (DQ) 7w, 3 & 6m Fair Yes

Garman et al.

[65]

South

Africa

RCT-Control 594 (58.2) EPDS (N/A) 2w, 6 & 18m Bayley-II (MDI) 18m Fair No

Executive Function

Battery (OS, SS,

STS)

36m

Hamadani

et al., [66]

Bangladesh Prosp. 488 (93.7) EPDS (�10) 6w & 6m Bayley-II (MDI) 12m Fair No

Patel et al.

[67]

India Prosp. 171 (52.0) EPDS (�11) 6w DASII (MDI) 6m Fair Yes

Quevedo et al.

[68]

Brazil Prosp. 342 (86.5) MINI (N/A) 1-2m Bayley-III

(Language)

12m Good Yes

Tran et al.

[55]

Vietnam Prosp. 497 (76.1) EPDS-Vietnam

(�4)

8w & 6m Bayley-III

(Cognitive)

6m Fair No

Note: Prosp. = Prospective; AKUADS = Aga Khan University Anxiety and Depression Scale; CES-D = Centre for Epidemiological Studies—Depression; ZDAS = Zung

Depression and Anxiety Scales; EPDS = Edinburgh Postnatal Depression Scale; MINI = Mini International Neuropsychiatric Interview; ECD Tool = Early Childhood

Development Tool; MSEL = Mullen Scales of Early Learning; DASII = Developmental Assessment Scale for Indian Infants; MDI = Mental Development Index;

DQ = Developmental Quotient; OS = Operation Span; SS = Silly Sounds; STS = Something’s the Same.
a Follow-up was calculated from the information provided regarding the number of mother-child dyads who completed developmental assessments and/or were

included in final analyses.

https://doi.org/10.1371/journal.pone.0253790.t003

Table 4. Key a priori adjustment variables identified for postnatal studies.

Study AND Concurrent SES Maternal Age Maternal Education Infant Gender Birthweight

Ali et al. [58] No N/A No Yes Yes No No

Black et al. [63] No N/A Yes Yes Yes Yes No

Familiar et al. [64] No No Yes Yes Yes Yes No

Galler et al. [65] No No Yes Yes Yes No Yes

Garman et al. [66] No No Yes Yes Yes No No

Hamadani et al., [67] No No No No No No No

Patel et al. [68] No No No No Yes No Yes

Quevedo et al. [69] No Yes Yes No Yes Yes Yes

Tran et al. [55] Yes Yes Yes Yes Yes No Yes

https://doi.org/10.1371/journal.pone.0253790.t004
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All other studies with significant findings did not account for either antenatal or concurrent

depressive symptoms. Patel et al. [68] used a case-control design nested within a prospective

cohort to assess mother-infant dyads in India. When DASII scores were treated as continuous,

there was a significant difference between the mean cognitive scores of the depressed

(M = 86.4, S.D = 8.33) and the non-depressed (M = 90.3, S.D. = 9.27, d = 0.44) groups. When

treated as dichotomous, with scores <85 considered to be at risk for developmental delay,

infants of postnatally depressed mothers were significantly more likely to be delayed than

infants of non-depressed mothers (OR = 3.3, p = 0.02). Galler et al. [65] assessed cognitive out-

comes using the Griffiths Mental Development Scale in a prospective cohort from Barbados.

Following a repeated measures analysis of cognitive outcomes at 7 weeks, 3 months and 6

months, the authors report a significant association between depression at 7 weeks and cogni-

tive outcomes at 3 months, after adjusting for confounders (F(3, 78) = 2.09; p< 0.02). Further,

although not statistically significant, a similar linear relationship was also present between

7-week depression and 6 months cognitive outcomes.

Finally, Ali et al. [58] utilised a quasi-experimental approach to assess developmental out-

comes in Pakistan. Depression was assessed at 1, 2, 6, 12, 18, 24 and 36 months, while cognitive

and language outcomes were assessed using the ECD every month in the first postnatal year

and then at 18, 24, 30 and 36 months. The authors first looked for an interaction between PND

and infant age on development and followed up on any significant interactions with a cross-

sectional analysis of the impact of PND at 2, 6, and 12 months. Infants of depressed mothers

were significantly more likely to be delayed at the 6th month of follow-up (OR = 3.3 (95% CI:

1.1, 9.9)) and the 12th month of follow-up (OR = 6.8 (95% CI: 3.0, 15.7)). There was no signifi-

cant association between depression and language.

3.3.2 Non-significant findings. Five out of nine postnatal studies did not find a signifi-

cant association between postnatal depression and cognitive outcomes. Of these five studies,

four were fair quality [55, 63, 66, 67] and one was poor quality [64].

Tran et al. [55] was the only postnatal study to control for the effects of both antenatal and

concurrent depressive symptoms. However, unlike the antenatal findings, the authors did not

find a significant association between postnatal depression and Bayley-III cognitive scores at 6

months (B = 1.26, p> 0.05). Interestingly, the unadjusted means indicated that infants of

depressed mothers (M = 102.9, S.D. = 14.1) actually scored higher than infants of non-

depressed mothers (M = 98.5, S.D. = 13.1, d = 0.32).

Hamadani et al. [67] found no significant difference in Bayley-II mental development index

scores between infants of mothers depressed at 6 weeks and/or 6 months (M = 99.7, S.D. =

10.8) and those reporting no depressive symptoms (M = 100.6, S.D = 12.1, d = 0.08) in a sam-

ple from Bangladesh. Familiar et al. [64] assessed cognitive outcomes at 6 and 12 months in a

Ugandan sample. Using a repeated measures approach, the authors found no association

between depression and the composite cognitive score (B = -2.39, p = 0.15).

Garman et al. [66] utilised data from the same South African RCT as Rotheram-Fuller et al.

[54] but drew data from the control arm of the study. Latent growth analysis was used to assess

the effects of distinct trajectories of maternal depression. Mothers’ depression was character-

ised as chronic low, early postpartum (6m), late postpartum (18m) and chronic high (6 &

18m). The authors report that there was no significant difference between the early postpartum

depression (M = 10.2, S.D. = 2.3) and the chronic low group (M = 10.1, S.D = 3.0, d = 0.08) on

Bayley-II mental development index scores at 18 months (β = 0.08 p = 0.905). There were also

no significant associations between early postpartum depression and performance on any of

the tasks that formed the EF battery at 36 months (B’s = -0.75, -0.29, -0.11, all p’s> 0.05). Simi-

larly, there were no significant effects for any of the other depression groups. It is unclear

whether beta coefficients reported are standardised or not.
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Finally, Black et al. [63] used a cross-sectional design to assess mother-infant dyads in Ban-

gladesh who were participating in an RCT. Depressive symptoms and cognitive outcomes

were assessed at 12 months using the CES-D and the Bayley-II, respectively. The unadjusted

association between depression and cognitive outcome was significant (r = -0.14, p< 0.05),

but the adjusted model, including earlier cognitive development at 6 months, revealed a non-

significant association (B = 0.09, p> 0.05). Although an unadjusted association is reported,

this may reflect the effects of the micronutrients given within the RCT.

4. Discussion

This systematic review of 16 studies investigating the association between maternal perinatal

depression and infant cognitive outcomes in LMICs provides relatively strong evidence for an

effect of antenatal depression but more inconsistent findings amongst postnatal studies. Five

out of eight antenatal studies found a prospective negative association between depression and

cognitive outcomes. However, only four out of nine postnatal studies found evidence of a pro-

spective or cross-sectional negative association with infant cognitive development. While lim-

ited in number and mixed in design, most studies were of fair to good quality, with only three

studies being rated as poor. It is important to consider and interpret this pattern of findings in

the context of key study design features, as well as the size and quality of the evidence base,

and the potential moderated effects that were not tested. This will be discussed in the following

sections.

4.1 Is the perinatal period a sensitive period for cognitive development?

4.1.1 Antenatal depression. There is fairly consistent evidence of a significant association

between antenatal depression and infant cognitive development. All five antenatal studies that

used a prospective, observational design report a significant association (d = 0.21–0.93)

between antenatal depression and infant cognitive outcomes [49–52, 55]. A quality rating of

fair was given to four of these studies, and poor to one. Although, these findings echo the con-

clusions of Van Den Bergh et al. [19] that exposure to various types of stress in utero, including

depression, can have lasting effects on offspring development, the studies reviewed here actu-

ally find a more consistent effect of antenatal depression than studies in HICs, where there is a

broadly even split between those finding a significant effect on cognitive development [70–75]

and those that do not [76–80]. It is possible that these differences arise because antenatal

depression is experienced alongside other risk factors more prevalent in LMIC settings, such

as intimate partner violence or poor nutrition, that may exacerbate foetal programming effects

[25].

Interestingly, the evidence suggests that the effects of antenatal depression are relatively

long-term. Four antenatal studies found an association between depression during the 3rd tri-

mester and cognitive development at 24–30 months. This is an important finding because it is

between the 2nd and 3rd year that a child’s cognitive ability begins to stabilise and form the

foundation for future development [7, 81]. Thus, any impairment at this age is likely to have a

lasting effect on child outcomes. This is discussed further in section 4.4.

Concerning the criteria for determining evidence of an independent effect of antenatal

depression, adherence was generally low in the reviewed studies. One study controlled for

postnatal depression only [53], one controlled for concurrent depression only [51], and one

controlled for both postnatal and concurrent depressive symptoms [55]. One additional study

isolated the effects of antenatal depression by splitting the sample into groups based on the

timing of exposure [54]. Although representing only a small proportion of the reviewed

papers, it is worth noting that in all but one of these studies, the effect of antenatal depression
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remained significant even after controlling for postnatal or concurrent depression (although

the main effect found in Murray et al. [53] became marginal after including additional factors

in the model).

Of particular note are the findings of Tran et al. [55] who used path analysis to simulta-

neously test the effects antenatal, postnatal and concurrent depression, and report that only

antenatal depression was a significant predictor of cognitive development. This suggests that

the impact of antenatal depression on cognitive outcomes cannot be accounted for by postna-

tal or concurrent depressive symptoms. This study also controlled for other key factors such as

maternal education, SES and infant birthweight, all of which have been identified as important

factors in a child’s cognitive development [50]. Another key study is Donald et al. [50].

Although they did not control for postnatal or concurrent depression, they did control for

each of the key adjustment variables that were identified a priori. By doing this, the authors

have ruled out confounding effects from relevant third variables, thereby providing a good

degree of confidence that the reported effect was in fact due to antenatal depression. It is

important that these findings are replicated in equally well-designed studies.

All of the studies which did not find a significant association between antenatal depression

and cognitive outcomes were RCTs and this may have influenced results. In fact, this is clearly

the case with Murray et al. [53], where the initial significant effect of antenatal depression was

attenuated (p = .06) after the inclusion of a risk by intervention interaction term in the model.

Although neither predicted cognition independently, exploration of the interaction between

the two factors showed that the intervention improved cognitive performance in low-risk

infants. This suggests that merely controlling for the effects of the intervention in an RCT may

not adequately account for more complex interactive effects with other factors.

In the case of Bandoli et al. [48], it is pertinent to consider the nature of the sample, which

consisted of an index group who reported moderate to heavy drinking during the periconcep-

tional period, and a control group with low or no exposure to alcohol at that point. It is possi-

ble that this influenced the results of the study, although there was no mean difference in

cognitive scores for infants of depressed or non-depressed mothers within the control group

either. Another consideration is that this study took place in Ukraine. Although categorised as

a LMIC by the World Bank, Eastern European culture is very different from African or Asian

culture, where most of the studies in review are drawn from, making direct comparisons with

other studies more difficult.

Finally, while Rotheram-Fuller et al. [54] were able to isolate the effects of antenatal depres-

sion, they did not actually control for the effects of the intervention. Although the authors

investigated the effects of the intervention on cognitive development and found none, either

independently or in interaction with maternal depressive status, it is possible that the interven-

tion may have had some undetected influence on results.

4.1.2 Postnatal depression. Evidence for an independent postnatal effect is far less consis-

tent. Three studies, all rated as fair quality, found a significant and negative prospective associ-

ation (d = .17 -.47; OR = 3.3–6.8) between postnatal depression and cognitive outcomes [66,

68, 69], and one study, rated as poor, found a cross-sectional association [58]. The remaining

five postnatal studies, rated poor to fair quality, failed to find any direct association between

maternal depressive symptoms and cognitive development, although three of these were RCT

designs.

Tran et al. [55] was the only study to control for antenatal and concurrent depressive symp-

toms and they did not find a significant association between postnatal depression and cogni-

tive outcomes. Another study found that postnatal symptoms at 2 months and concurrent

symptoms at 12 months did not independently predict language outcomes, but that there was

an association found for chronic exposure to 2-month and 12-month depression [69]. This
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finding illustrates the importance of investigating the effects of concurrent depressive symp-

toms and corresponds to findings from HIC literature that concurrent depressive symptoms

may account for the perceived effect of postnatal depression on cognitive outcomes [82].

Although a recent meta-analysis found a significant but small effect of postnatal depression

in HICs [18] closer inspection of individual studies suggests that the effect is generally more

apparent and pronounced in high-risk samples [83–86]. Thus, due to the higher levels of

adversity typically present in LMIC settings, it was expected that the effect of postnatal depres-

sion would actually be larger, or at least more consistently found. Somewhat surprisingly, this

was not the case. Rather, findings regarding the influence of postnatal depression on cognitive

outcomes in LMICs appear to be characterised by the same inconsistencies as those from

HICs. Although many of the studies controlled for variations in a variety of risk indicators

within each sample, it was still expected that the overall level of risk relative to that found in a

HIC would exacerbate any influence of postnatal depression. While it is not clear why this was

not the case, it is plausible that the interaction between individual socio-economic risk factors

and maternal depression functions differently in LMIC settings [66]. It is also possible the dis-

tinct profile of risk in LMIC settings, particularly the severity and co-occurrence of risk factors

[23, 25], may be exerting such a strong independent effect on infant cognition that the unique

influence of postnatal depression is not sufficient to predict differences in cognitive

development.

It should also be noted that HIC studies have demonstrated that chronic depressive symp-

toms throughout infancy can have a greater impact on a number of domains infant develop-

ment, including cognition, than a single postnatal episode in a variety of high- and low-risk

cohorts [87–90]. In the current review, only two studies examined chronic exposure in the

postnatal period. While Garman et al. [66] did not find an effect of chronic depression on

development, Quevedo et al. [68] found that only exposure to chronic depression predicted

poorer language outcomes. This paucity and inconsistency highlights chronicity of exposure

as an important area of research for future studies in LMIC settings.

4.1.3 Moderated effects. Although the main purpose of this review was to synthesise evi-

dence for a direct association between perinatal depression and cognitive outcomes there are a

few studies which investigated moderated associations and are worth mentioning briefly. Ban-

doli et al. [48] found no direct association but did find that female infants exposed to both

peri-conceptional alcohol use and antenatal depression performed significantly worse than

males exposed to the same. Black et al. [63] also did not find a direct association between post-

natal depression and change in cognitive skills from 6–12 months. However, the interaction

between depression and infant temperament was significant, with irritable infants of depressed

mothers showing cognitive impairments, while easy-going infants did not. These results sug-

gest that children with irritable temperaments may be at additional risk for poor development

when their mothers are depressed. They also found that caregiving was significantly and nega-

tively associated with maternal depression, and that it mediated the effect of the depression-

temperament interaction on cognitive outcomes. This is consistent with HIC literature which

has highlighted the dynamic interaction between maternal mental health, caregiving and

infant temperament [22, 91]. Finally, Ali et al. [58] found a significant interaction between

father’s income and depression, with infants of depressed mothers whose fathers earned less

than 3500 rupees per month significantly more likely to show language delay. This suggests

that differing levels of socioeconomic risk within LMIC settings play a significant role in deter-

mining how detrimental perinatal depression is to infant development. Alternatively, paternal

income may be an index of paternal education, with lower incomes reflecting lower levels of

education. Parental education may be linked to language development through its impact on

the level of cognitive stimulation in the home or more directly via heritability effects [7].

PLOS ONE Perinatal depression and cognitive development in LMICs: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0253790 June 25, 2021 15 / 25

https://doi.org/10.1371/journal.pone.0253790


4.2 Methodological considerations and limitations of reviewed studies

4.2.1 Perinatal depression assessment. In this review, all but three studies used screening

tools to assess maternal depression and this may have contributed to a lack of consistency in

significant findings. This is because symptom questionnaires are more likely to also detect

mild or moderate forms of depression, which may lead to an overall underestimation of effect

of depression on development [16]. Clinical diagnostic tools focus on symptoms at a level that

meet diagnostic threshold and are therefore more likely to represent significant impairment

[29]. Unfortunately, there were an insufficient number of studies in this review that used a

diagnostic interview to draw any conclusions as to whether infants of mothers with a clinical

diagnosis of depression were any worse off than infants of mothers who were assessed using a

screening instrument.

4.2.2 Cognitive development assessment. Most studies included in the review used mea-

sures which generated a standardised composite of cognitive functioning as the outcome.

However, even between different versions of the same measure there may be stark differences

in the contributing items. For example, the Bayley-II composite includes items relating to lan-

guage, while Bayley-III has separate cognitive and language subscales. Three antenatal studies

and one postnatal study examined both cognitive and language development separately using

distinct subscales, while one study in each period looked exclusively at language development.

Two studies employed specific measures of executive function rather than broader indices

such as composite scores.

One pattern to emerge was the difference in results between studies using the 2nd and 3rd

editions of the Bayley Scales. Across the whole perinatal period the 5 studies which used Bay-

ley-III found a significant effect of maternal depression on cognitive outcomes, while all 5 of

the studies which used the older Bayley-II did not. Interestingly, one of the primary justifica-

tions detailed for the changes made in Bayley-III was the removal of certain items that may be

biased in favour of certain racial or ethnic groups [92]. It is possible that these adaptations

enhanced the cross-cultural validity of the instrument, leading to a greater sensitivity to

changes in development in LMIC settings. This idea is further supported by the observation

that the two studies that used cognitive assessments which had been developed specifically for

the culture in which they were being used both report significant results [58, 68].

4.2.3 Timing of exposure. Six out of the eight antenatal studies assessed exposure during

the 3rd trimester, one did not clarify the specific time of assessment, and the other assessed

exposure during the 2nd trimester. While the fact that five of the 3rd trimester studies found a

significant association does suggest that the 3rd trimester is a sensitive period for development,

the lack of assessments at other points of pregnancy precludes conclusions about timing

effects. More work is required in this area to investigate whether the impact of antenatal

depression varies according when it occurs during foetal development.

There was no distinct pattern of results with regards to the timing of exposure in postnatal

studies. Exposure was assessed at various points across the first 12 months and there is too

much variability to conclude that any particular period within this timeframe significantly

influences the effects of postnatal depression.

4.2.4 Confounding variables. There were no clear patterns that emerged in the data with

regards to the key adjustment variables, with the exception that studies that controlled for

more variables tended to report smaller effects. Interestingly, although not one of the key vari-

ables identified, only one study controlled for the effect of nutrition in their analyses. Nutrition

is thought to play an important role in cognitive development and so studies in the future

should seek to include it where possible. One of the major difficulties in comparing the find-

ings of the different studies in this review is the wide array of adjustment variables included by
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different authors. The studies reviewed here varied significantly both in the number and

nature of the variables that were controlled for in analyses. Even where the same variables were

included, they varied in how they were measured or conceptualised. It is possible that these

variations contributed to the inconsistency observed in the overall findings. Thus, a key rec-

ommendation from this synthesis is that it is important to control for a wide array of poten-

tially confounding variables, but that researchers should strive to ensure consistency between

studies in terms of the confounders included and how they are measured.

4.3 Review limitations

The main limitation of this review is the relatively small number of studies that were eligible

for inclusion. The main reason for this is that perinatal mental health is very much an emerg-

ing field in many LMICs. As a result, one of the recurring themes of this review has been the

statement that more studies are required in certain areas in order to draw firm conclusions.

Bearing this in mind, the eligibility criteria for inclusion in the review were less narrow than

may have been applied in a more developed field. One way in which the reach of the review

was extended was to include RCTs under specific conditions. Although every effort was made

to ensure that only findings that had not been confounded by the effects of any intervention

were included in the final synthesis, RCT interventions may have had an undetected effect on

cognitive development, thereby confounding results and potentially adding to the inconsistent

findings. When only considering prospective cohort studies, all five antenatal studies and

three out of six postnatal studies found a significant, negative direct association between

maternal depression and cognitive outcomes. Although postnatal findings remain inconsistent

when this restriction is applied, the case for an antenatal effect becomes contextually stronger.

Another potentially limiting factor is the broad categorisation of LMIC countries. While

there are clear economic similarities within the countries designated as low- and middle-

income included in this study, there are also very distinct cultural differences between them,

which could influence the effect of perinatal depression on cognitive development. However,

the limited number of studies mean that it would not have been feasible to produce a system-

atic review for each country. Instead, while the heterogeneity amongst studies is not ideal, this

review was able to draw together a previously disparate collection of studies and synthesise

what is known and what is lacking in the existing literature. Similarly, cognitive outcomes are

considered across a relatively heterogenous age ranges throughout infancy. Although it is pos-

sible that this may have affected results, there were no clear patterns in the findings to indicate

markedly different effects at distinct ages. Additionally, the developmental period that spans

infancy is often considered as a uniform period of accelerated development [5].

Although the risk of reporting bias is an ever-present in systematic reviews, the search strat-

egy for this review included a systematic search of ProQuest for grey literature in the form of

unpublished conference abstracts and dissertations. Additionally, the Newcastle-Ottowa Scale

for Cohort Studies was used to assess study quality in a number of domains, including partici-

pant selection and recruitment, sample attrition, and the methods and measures of exposure

and outcome assessment. Key features identified in each study are given in Tables 1 and 3, and

all but three studies received a quality rating of fair or good. A further limitation is that not all

studies published mean scores for the depressed and non-depressed groups in their sample,

and while some authors responded to requests for this information, others did not. This meant

that even the most rudimentary comparison of unadjusted effect sizes could not be carried

out. In the future, authors should ensure they present this basic descriptive information to aid

comparison with other studies.
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4.4 Implications for clinical practice and future research

The results of this review suggest that maternal depression during pregnancy can have a signif-

icant impact on infant cognitive development in LMIC settings. The importance of these find-

ings are underlined by strong evidence from HICs for the continuity of cognitive ability from

infancy to later life [93–95]. The consequences of early cognitive impairments in LMIC set-

tings might be even more wide reaching, perpetuating a cyclical pattern of lost potential and

generational poverty [6]. Despite an increase in the number of calls for the prioritisation of

perinatal mental health in LMIC settings [96], it is an area that has typically been neglected in

these contexts [97]. This review adds to the call for improved perinatal mental health services

that will provide mutual benefits to the mother and the child. Research studies in this review

demonstrated low adherence to the requirements for testing the independent effects of mater-

nal depression during the antenatal and postnatal periods. Given evidence from HICs that

antenatal and postnatal depression exert independent effects on cognitive development, it is

important that future studies are designed in a way that allows researchers to isolate the effects

of each. This can be achieved in two ways. Firstly, studies which have explored trajectories of

maternal depression or split the sample into groups based on episode timing across the perina-

tal period should be replicated with the purpose of isolating independent and cumulative

effects of perinatal depression [54, 66, 69]. Alternatively, a study can control for the effects of

maternal depression at other relevant timepoints, as demonstrated by Tran et al. [55].

Given that the Bayley-III was designed to minimise previous cultural bias, the observation

that significant impairments were more consistently found when using the Bayley-III as com-

pared to the Bayley-II suggest that effects may be sensitive to the choice of instrument. This

thought is reinforced by the observation that the two postnatal studies which used outcome

measures designed specifically for their population also found significant effects of depression

[58, 68]. Therefore, an important step in developing the LMIC literature will be the selection

or development of culturally sensitive measures of cognitive development. In addition, due to

the existing reliance on screening tools, where possible future studies should incorporate

designs which facilitate comparisons of the effects of the mild-moderate and more severe, clin-

ical levels of depressive symptoms.

Furthermore, while this review highlights the need for more high-quality studies investigat-

ing main effects, future studies should also look to explore a more complex relationship

between perinatal depression and cognitive outcomes. In the light of recent advances in devel-

opmental science, investigations of a simple relationship between the two factors, even when

controlling for a number of other variables, are inadequate [9]. While it is clear that the level of

risk is generally higher in LMIC settings, it is not clear how the relationship between risk and

perinatal depression functions [66]. Rather than simply controlling for possible confounding

variables, studies need to investigate how variables such as infant temperament, parenting

quality, infant gender and other key socio-economic indicators influence the relationship

between perinatal depression and cognitive development [21, 98].

More specifically, future studies need to be designed to answer questions arising from cur-

rent theories and hypotheses in developmental psychology. A number of theories, such as the

foetal programming hypothesis [99], the predictive adaptive response hypothesis [100] and the

differential susceptibility hypothesis [101] are increasingly influencing research in HICs and it

is important for research LMICs to be similarly driven by current theory. The need for this is

particularly evident in investigations of the role of postnatal depression, where findings for a

direct association are very inconsistent. There is now considerable evidence that depression

can compromise a caregiver’s ability to respond sensitively and contingently to a child, and

that a child’s temperament can, in turn, influence the quality of the caregiver-child relationship
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and affect how susceptible they are to both positive and negative caregiving practices [22, 91].

Given the interactional, dynamic nature of the factors described above, it is apparent that test-

ing only a simple, direct relationship could result in a significant underestimation of the effects

of postnatal depression on child outcomes.

5. Conclusion

While based on a limited number of studies (n = 16), this systematic review gives valuable

insight into what is known about the relationship between perinatal depression and infant cog-

nitive development in LMIC settings. A key strength of this study is the focus on, and in-depth

exploration of, the association between cognitive development and perinatal depression alone.

This contrasts with previous systematic reviews which have focused more broadly on a range

of mental health disorders and neurodevelopmental outcomes, thereby retaining a high degree

of novelty and adding considerable value to the existing literature. The findings provide a plat-

form for the progression of research in this area by highlighting methodological and theoreti-

cal improvements that can be made to increase its relevance and impact.

Evidence for a direct association between antenatal depression and cognitive development

was quite consistent, especially when restricted to prospective studies. There was some evi-

dence that this association is independent of postnatal depression and endures into the child’s

second and third year. This provides a strong case for the inclusion of screening for maternal

depression as part of routine antenatal care and for early intervention to be implemented in

LMIC settings. Evidence for the direct influence of postnatal depression is more equivocal at

present.

Importantly, findings from HICs suggest that the inconsistent findings regarding postnatal

depression may be the result of its effect being evident in interaction with other factors. While

there is some evidence of possible moderated effects of postnatal depression on cognitive

development in LMICs, the majority of studies reviewed did not investigate these underlying

pathways. The paucity of studies exploring anything more than a direct relationship between

both postnatal and antenatal depression and cognitive development precludes drawing firm

conclusions about this. More high-quality studies are needed in LMIC settings, driven by cur-

rent theory, that test direct associations and examine moderating or mediating pathways to

child cognitive development.
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