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Abstract

Objectives: The aim of this study was to examine the effects of antenatal exposure to iron deficiency anemia (IDA) and
common mental disorders (CMD) on cognitive development of 6 months old infants in a developing country.

Methods: A prospective population-based study in a rural province in Vietnam, which enrolled pregnant women at 12–20
weeks gestation and followed them up with their infants until six months postpartum. Criteria for IDA were Hb ,11 g/dL
and serum ferritin ,15 ng/mL. CMD symptoms were assessed by the Edinburgh Postnatal Depression Scale-Vietnam
validation. Infant cognitive development was assessed by Bayley Scales of Infant and Toddler Development, 3rd Ed. Path
analyses were performed to determine the direct and indirect, partly or fully mediated, causal effects of the antenatal
exposures.

Results: A total of 497 pregnant women were recruited, of those 378 women provided complete data which were included
in the analyses. Statistically significant direct adverse effects of persistent antenatal IDA (estimated difference of 211.62
points; 95% CI 223.01 to 20.22) and antenatal CMD (24.80 points; 95% CI: 29.40 to 20.20) on infant Bayley cognitive
scores at six months were found. Higher birthweight, household wealth, and self-rated sufficient supply of breastmilk were
associated with higher cognitive scores. Maternal age .30 years and primiparity had an indirect adverse effect on infants’
Bayley cognitive scores.

Conclusions: These findings suggest that antenatal IDA and CMD both have adverse effects on child cognitive
development, which if unrecognized and unaddressed are likely to be lasting. It is crucial that both these risks are
considered by policy makers, clinicians, and researchers seeking to improve child cognitive function in developing countries.
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Introduction

It is estimated that 200 million children aged less than 5 years in

the world do not reach their developmental potential and most of

them are living in low- and lower-middle-income countries [1].

The intrauterine environment appears to be a critical determinant

of the development of the baby in later life through ‘‘programming

mechanisms’’ [2]. Fetal programming postulates that fetal

adjustments to adverse conditions in utero may cause long-lasting

changes in physiological functions that render the brain or body

vulnerable to developmental delay and/or illnesses later in life [2].

There is convincing evidence that fetal programming contributes

to chronic adult conditions including obesity and cardiovascular

diseases [3,4]. Recently attention has turned to examining fetal

programming hypotheses in relation to neurobehavioral outcomes.

Iron deficiency, which at its most severe is termed iron

deficiency anemia (IDA), is the most common micronutrient

deficiency worldwide [5]. It is estimated that 42% of pregnant

women are anemic in low- and lower-middle-income countries

[6]. Several longitudinal studies in humans have concluded that

foetal or neonatal IDA is associated with behavioral difficulties in

infants and children. These include diminished general autonomic

response, motor maturity and self-regulation [7], higher levels of

negative emotionality and lower levels of alertness and soothability

in infants [8], slower neuronal conduction [9], worse learning

ability and memory at 3 to 4 years [10], and poorer performance
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on mental and psychomotor evaluations at preschool age [11]. On

the other hand, Rioux et al. [12] in a study of 63 mother infant

pairs in Canada found no significant relationship between

maternal antenatal iron level and infant’s cognitive performance

at 6 months. Several trials of universal antenatal iron supplemen-

tation have also concluded that it had no consistent effect on the

intelligence quotient of children when they were four years old

[13] and child behavior at early school age [14]. All of the human

studies were conducted in well-nourished populations in high-

income countries.

Beside iron deficiency, maternal mental health status may play a

crucial role in fetal and infant development. The common mental

disorders (CMD) of depression and anxiety are estimated to occur

on average in 10% of pregnant women in high-income countries

and 16% (range from 5.2 to 32.9%) in low- and lower-middle-

income countries [15]. Studies from high-income countries suggest

that antenatal anxiety increases the risk of child behavioral/

emotional problems at four years of age [16]; and has a negative

association with cognitive ability [17,18]. However, DiPietro et al.

[19] found that antenatal anxiety and depression were associated

with higher Bayley II Mental Development Index scores in

children aged 24 months. There have been very few attempts to

examine this relationship in developing countries where common

mental disorders are more prevalent and can interact with other

determinants such as micronutrient deficiencies which are

common in these settings but not in developed countries. We

could find only one published study, which reported no association

between symptoms of common mental disorders in mothers in the

third trimester of pregnancy and infant cognitive development at

12 months of age [20].

Vietnam is ranked by the World Bank as a lower-middle-

income country having only recently been re-classified from being

a low-income country. About 30% of women living in rural

Vietnam experience CMD during pregnancy or after giving birth

[21]. Iron deficiency is the most common micronutrient deficiency

and anemia affects about 36.5% pregnant women in this setting

[22].

The aim of this study was to test the hypothesis that maternal

IDA and clinically significant symptoms of CMD during

pregnancy would have adverse effects on the cognitive develop-

ment of infants at 6 months of age in rural Vietnam.

The hypothesized model (Figure 1) was constructed from

international and Vietnamese evidence. In the model, we

postulated that maternal antenatal IDA and/or CMD would

affect infant cognitive development at six months via both direct

and indirect pathways. Demographic characteristics and other

psychosocial factors are potential confounders of both the

exposures and the main outcome and therefore had to be included

in every aspect of the hypothesized model.

The hypothesized direct pathway was that antenatal IDA and/

or CMD symptoms could cause adverse conditions in utero which

affect fetal neurodevelopment and lead to lasting changes in

cognitive function. The hypothesized indirect pathways were first

that maternal IDA and/or CMD during pregnancy have adverse

effects on birthweight and infant weight and second that maternal

postpartum CMD, which is predicted by antenatal CMD,

compromises caregiving and that these mediate effects on infant

cognitive development. Birthweight and postnatal CMD were

included in this model as the main mediators due to their

associations with the exposures of interest [23,24] and the outcome

[25] in low and low-middle-income countries.

Methods

Study Setting
This study was conducted in Ha Nam, a typical Red River delta

rural province in the north of Vietnam located approximately

50 km south of Hanoi. Ha Nam Province has a population of 0.8

million inhabitants. In 2011 the average annual per capita income

was approximately USD800 and 7.5% of people lived below the

international poverty line of USD1.25 per day. Most births in Ha

Nam are at either commune health centers, or at district and

provincial hospitals and more than 99% of women attend for

antenatal care. Mental health is not considered either in antenatal

care or in primary healthcare. The national iron supplementation

program was implemented in 1997 and recommends that women

take daily iron and folic acid. At the time of this study neither iron

supplements nor iodized salt was available for free and women

living in the study site were expected to purchase them over-the-

counter.

Study Design
The study was a prospective population-based study in which

women were enrolled during pregnancy and followed, with their

babies until six months postpartum.

Data were collected in four surveys between December 2009

and March 2011. The first (Wave One, W1) was conducted when

the women were recruited before mid-pregnancy and the second

(Wave Two, W2) when participants were at least 28 weeks

gestation. After childbirth two assessments of mothers and infants

were conducted when the babies were 8 weeks (Wave Three, W3)

and 6 months (Wave Four, W4) old.

Participants
Participants were recruited by a two-stage sampling procedure

in which first, 50 of the 116 communes in the province were

selected randomly by an independent statistician and second all

women who were pregnant with a single fetus and between 12 and

20 weeks of gestation in the selected communes during the

enrollment period (December 2009 to January 2010) were eligible

and invited to participate [26].

Data Sources
Infant cognitive development. Infant cognitive develop-

ment (collected only at W4) was assessed by directly testing the

infant using the Bayley Scales of Infant and Toddler Development

3rd Ed, Cognitive Scale (BSID) [27]. In the original validation

studies conducted in US, the reliability coefficient of BSID for

infants at 6 months was 0.87 and the stability coefficient was 0.79

[28]. There is current no data available on the validation of the

BSID for use in Vietnam.

Psycho-social data. Maternal common mental disorders

symptoms (CMD, all 4 Ws) were assessed by the Edinburgh

Postnatal Depression Scale-Vietnam Validation (EPDS-V)

[29,30]. The EPDS-V includes ten fixed choice items scored from

0–3 which assess dimensions of low mood over the previous seven

days and yield a total score from 0 to 30. The EPDS-V was

translated from the English version, culturally verified and

validated against psychiatrist-administered Structural Clinical

Interviews for DSM IV diagnoses to establish local cut off scores

for pregnant women and those who have recently given birth. In

this setting, where emotional literacy is low, the cut-off point to

detect clinically significant symptoms with a sensitivity of 70% and

a specificity of 73% is $4 [30].

Intimate partner physical, sexual, and emotional abuse and

history of child abuse (W1, W2, W4) were assessed by the

Maternal Health and Infant Cognitive Development
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pregnancy section of the WHO Multi-country study on Domestic

Violence survey [31]. This questionnaire has been demonstrated

to be appropriate for use in equivalent settings [32].

Social circumstances and reproductive health (W1, W2, W3,

and W4) included current non-economic coincidental life adver-

sity; quality of relationship with her mother and mother-in-law;

family support in caring for the baby during the day and, at night,

and with housework; reproductive health history including

gravidity, parity, history of spontaneous abortions, fetal or

neonatal deaths; and whether or not the pregnancy was welcome

were collected by study-specific questions which have been used in

previous studies in the same settings [21]. These questions have

been found to be comprehensible to participants and to yield

interpretable data.

Household economic status (W1) was assessed by the World

Bank method which calculates a Household Wealth Index from

information about 17 household characteristics, services and

durable assets [33]. Maternal age, marital status, educational

level, and occupational status and security of income were

collected by study-specific questions [21].

Study-specific structured questions (W3 and W4) were used to

assess whether or not a woman was offering any breastfeeds to the

infant and her appraisal of whether the amount of milk was

sufficient to meet her infant’s needs.

Biological data. Maternal hemoglobin (W1, W2) was eval-

uated in the field from finger stick blood, using a hemoglobinom-

eter (HemoCue AB, Angelholm Sweden). A 3 mL sample of

venous blood (W1, W2) was taken from a pregnant woman and

centrifuged to harvest serum, frozen at 280uC. Serum ferritin was

evaluated by Chemiluminescent Microparticle Immuno Assay

performed on the Archicentre ci62000 instrument (Abbott, Illinois,

USA) at Alfred Pathology Services, Alfred Health, Australia.

A spot urine sample (W2) was obtained, frozen in a field freezer

and transported in a cold chain to the laboratory of the National

Hospital of Endocrinology in Hanoi. At the laboratory, urine

iodine concentration was determined by means of the Sandell-

Kolthoff reaction, as recommended by WHO, UNICEF and the

ICCIDD [34].

Infant birthweights were collected by maternal reports at W3. If

the mother did not remember or was not sure, the infant

birthweight was collected from or verified against the birth records

at the health facility. Infant weight (W3, W4) was measured by the

Seca 876 Scale which first measures maternal weight and second

measures the weight of the infant when held in her arms.

Procedure
The BSID were translated from English into Vietnamese and

back-translated to English for verification [35]. BSID administra-

tors were psychologists practicing at the TuNa Clinic which is a

service associated with the Research and Training Centre for

Community Development, who were experienced in early child

development assessment. The administrators were trained by a

local expert in BSID and successfully completed a post-training

test. This study used the original toolkits and followed the

guidelines of the Administration Manual and the training DVDs

strictly [36].

A pilot study was conducted to check the language and to

standardize the test procedure of BSID and psychosocial

questionnaires before conducting this study. Psychosocial data

were collected by professional interviewers of the data collection

team of the Research and Training Centre for Community

Development. The interviewers completed a three-day training

course, which included an introduction to the study, detailed

discussion on the questionnaires, and a practice in the real-world

situation.

As Vietnamese women living in rural areas are unfamiliar with

the completion of self-report questionnaires, all data were collected

by face-to-face and paper-based interviews. All interviews of

mother including administration of BSID were conducted in

private rooms at commune health centers.

Data Management and Data Analysis
Data management and descriptive analyses were performed in

STATA version 11 (StataCorp LP, College Station, Texas, USA).

The total raw scores of BSID were converted to composite

scores based on the guidelines of Bayley 3rd Edition Manual [36].

In the reference population, composite scores have a range of 55 to

145, a mean of 100, and a standard deviation of 15. This

transformation allows for a standardized measurement, which

represents in standard deviation units how far an infant’s score is

Figure 1. Conceptual model of the direct and indirect effects of antenatal iron deficiency anemia (IDA) and common mental
disorders (CMD) on infant cognitive development. Single-headed arrows represent hypothesized directional paths.
doi:10.1371/journal.pone.0074876.g001
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from the mean or average score for infants of that precise age.

Composite scores were used in all analyses. Infant’s weight-for-age

Z scores (WAZ) were calculated from infant’s age, sex, and weight

by WHO Anthro version 3.2.2 (World Health Organization,

January 2011). The two exposures of interest, IDA and CMD,

were dichotomized into those with and without clinically

significant symptoms. Criteria for IDA were Hb ,11 g/dL and

serum ferritin ,15 ng/mL as recommended by the WHO and the

United Nations Children’s Fund [37]. Persistent antenatal IDA

was defined as meeting the criteria for IDA in both W1 and W2.

The EPDS-V was validated as a screening tool which could only

classify perinatal women into two groups, those with normal mood

and those with probable CMD (cut-off $4, [30]). In this setting

higher EPDS-V scores have not been shown definitively to be

indicative of more severe CMD. A family support variable was

derived by summing three variables: having support in caring for

the infant during the day time (1: yes; 0; no), during the night (1:

yes; 0; no), and assistance with housework (1: yes; 0; no), to yield

scores ranging from 0 (no support) to 3 (having all of the three

kinds of support). The household’s economic situation was assessed

by a wealth index, which is a proxy measure constructed from 17

household characteristics, services and durable assets [33]. The

lowest income group was the lowest quartile of the index and the

highest income was the highest quartile.

Data were described by frequencies and percentages (for

categorical variables); means and standard deviations (for normally

distributed continuous variables), and medians and interquartile

ranges (for skewed distributions). The direct and indirect effects on

infant BSID scores were examined simultaneously by Path

Analysis performed in Mplus version 6 (Muthén & Muthén, Los

Angeles, United States of America). Other potential contributing

factors to the outcome and the mediators were added into the

model based on the results of univariate analyses and prior

evidence to control for possible confounding. The command

‘‘MODINDICES’’ in Mplus was used after the model estimation

to check if there was any significant missing path in the model.

The model was estimated using weighted least-squares and the

probit link function that are robust to non-normality. Only one

model was fitted which included 22 manifest variables. There were

no latent variables in the model. All of the variables were retained

in the model even if non-significant. Data of all four waves were

used in this analysis. Variables which were collected in multiple

waves such as CMD were treated as separate variables and put

into the model in the order in which they had been collected. No

multilevel technique was used in this analysis.

In order to evaluate model fit, we used the Chi-Square Test of

Model Fit with p values greater than 0.05 indicating a good fit,

Root Mean Square Error Of Approximation (RMSEA) with

values less than 0.05 indicating a good fit, and Tucker-Lewis Index

(TLI) and Comparative Fit Index (CFI) with values greater than

0.95 indicating a good fit [38].

Ethics Approvals
Approvals to conduct the study were provided by the Ha Nam

Provincial Health Department Ethics Committee, the Vietnam

Medical Association Ethics and Scientific Committee and the

University of Melbourne’s Health Sciences Human Ethics

Committee. All participants were provided with an oral and

written plain language description of the study and either signed a

consent form, or those who could not write provided a thumbprint

or verbal consent witnessed by an independent observer. The

consent procedure was approved by the ethics committees.

Permission to transport biological samples from Vietnam to

Australia for analyses was provided by the Ministry of Health.

Results

Sample
A total of 523 women were eligible to participate, of whom 497

(97%) were recruited and provided data at W1. Complete data

were available for 378 mother and infant pairs and included in the

analyses (see Figure 2). The demographic characteristics of the

women and anthropometric indices of the infants are shown in

Tables 1 and 2. There were 189/378 (50%) women with clinical

symptoms of CMDs at any point of early (W1) or late pregnancy

(W2) and 64/378 (16.9%) with persistent clinical symptoms of

CMDs at both W1 and W2 pregnancy assessments. Overall, 59/

378 (15.6%) women were experienced IDA at any antenatal study

point and 6/378 (1.6%) at both points.

Table 1. General characteristics of the 378 pregnant women
who attended four waves.

Characteristic Values

Mother age (years), mean [SD] 26.2 [4.8]

Completed education, No. (%)

Partial or complete primary school (Grades 1–5) 68 (18.0)

Secondary school (Grades 6–9) 202 (53.4)

High school (Grades 10–12) 46 (12.2)

Any post-secondary education 62 (16.4)

Occupation, No. (%)

Farmer 176 (46.6)

Factory, handcraft worker or retailer 115 (30.4)

Government or private officer 46 (12.2)

Not currently engaged in income-generating activity 41 (10.8)

Gestational age or age of the infant, mean [SD]

Wave 1 (gestation age, weeks) 16.6 [2.9]

Wave 2 (gestation age, weeks) 33.1 [2.0]

Wave 3 (infant age, weeks) 8.1 [2.0]

Wave 4 (infant age, months) 6.6 [0.5]

Number of children, No. (%)

One 136 (36.0)

Two 169 (44.7)

Three or more 73 (19.3)

Prior miscarriages/stillbirths, No. (%) 69 (18.3)

Intimate partner physical and sexual violence, No. (%) 57 (15.1)

Intimate partner emotional abuse, controlling behavior,
No. (%)

99 (26.2)

Experience of childhood abuse, No. (%) 38 (10.1)

Common mental disorders, No. (%)

Wave 1 147 (38.9)

Wave 2 106 (28.0)

Wave 3 40 (10.8)

Wave 4 44 (12.1)

Iron deficiency anemia

Wave 1 9 (2.4)

Wave 2 56 (14.8)

Wave 2 Urine iodine concentration (mg/L), median {IQR} 69 {41–122}

Wave 2 Urine iodine concentration ,150 mg/L, No. (%) 312 (82.5)

[SD]: Standard deviation; (%): Percentage; {IQR}: interquartile range.
doi:10.1371/journal.pone.0074876.t001
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Among the 378 women, only one participant did not initiate

breastfeeding. At about 8 weeks postpartum, most mothers (318/

378, 84.1%) perceived that they had sufficient breast milk to meet

the infant’s needs. At 6 months postpartum, 352 (93.1%) women

were still providing their infants with at least some breastmilk. The

number of mothers who reported at W3 that they did not receive

any support with infant care during the night was 75/378 (20.5%),

during the day was 26/378 (7.0%), and with household work was

15/378 (4.1%). However at six months postpartum, these had

increased to 204/378 (54.1%) at night, 81/378 (21.5%) during the

day, and 123/378 (32.6%) with housework.

Path Analysis
Overall, there are 22 variables included in the path analysis.

Details of the path model are shown in Table 3. The statistically

significant paths are presented by a graphic model in Figure 3. All

of the fit indices are within the range indicating that the model fits

the data well.

Figure 3 shows that persistent antenatal IDA, antenatal CMD in

either early or late pregnancy, and infant WAZ at 8 weeks of age

had direct effects on infant BSID composite scores at 6 months of

age. Infants of mothers who had persistent antenatal IDA had

BSID scores 77.5% of a normative standard deviation lower than

the other infants (211.62 points; 95% CI: 223.01 to 20.22) and

of those who had experienced CMD at any point during

pregnancy 32% of a standard deviation cognitive score lower

(24.80 points, 95% CI: 29.40 to 20.20). Together these two risk

factors contributed to more than one standard deviation reduction

in infant cognitive scores at 6 months of age. Further, infants

having one standard deviation of weight-for-age higher at 8 weeks

old had BSID cognitive scores that were 2.16 points higher at 6

months of age (95% CI: 0.23 to 4.08).

The indirect pathways from antenatal IDA and antenatal CMD

to infant cognitive development via infant birthweight, WAZ score

at 8 weeks, and maternal postpartum CMD were tested

simultaneously in the model. However, none of the pathways

were statistically significant. There were no associations between

the antenatal risk factors and infant birthweight or infant WAZ at

8 weeks of age. The link between maternal CMD during

pregnancy and maternal CMD after childbirth was statistically

significant. However there was no association between postpartum

CMD and infant cognitive development.

Several variables had indirect associations with cognitive scores

at 6 months: higher infant birthweight, higher household wealth,

and maternal reports of a sufficient supply of breastmilk were

indirectly positively related to the infant cognitive score. Mothers

aged .30 years and who were primiparous had infants with lower

cognitive scores than the others.

Discussion

To our knowledge this is the first study to examine the effects of

both iron status and common mental disorders among pregnant

women living in a low-income setting on the cognitive develop-

ment of their 6 month old infants. The sample was systematically

recruited with high recruitment and retention fractions and all

reasons for non-provision of complete data were known. The path

analysis techniques used in this study determined direct and

indirect effects of the probable factors on the main outcome

simultaneously [39]. Our data indicate that there are direct

adverse effects of persistent antenatal IDA and CMD on the

Figure 2. Numbers of participants and attrition by waves of data collection.
doi:10.1371/journal.pone.0074876.g002

Table 2. Birth outcomes, health and development of 378
infants.

Characteristic Values

Infant birthweight (gram), mean [SD] 3150 [404]

Low birthweight (,2500 grams), No. (%) 26 (6.8)

Preterm birth (,37 weeks gestation), No. (%) 53 (14.0)

Infant Weight-for-age Z score at 8 weeks, mean [SD] 2.06 [0.80]

Infant Weight-for-age Z score at 6 months, mean [SD] 2.03 [0.94]

BSID scores at 6 months, mean [SD], {range} 99.2 [12.9], {55–130}

[SD]: Standard deviation; (%): Percentage; {range}: Min–max.
doi:10.1371/journal.pone.0074876.t002
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cognitive development of six month-old infants. However, indirect

effects of the risk factors on the outcome via infant birthweight,

WAZ and maternal postpartum CMD were not found.

There is a body of evidence about the effect of maternal

antenatal iron deficiency with or without anemia on adverse

pregnancy outcomes including low birthweight and prematurity

[40–44]. However, few studies have investigated the long-term

effects of maternal iron deficiency during pregnancy on the

neurodevelopment of the baby. To date the strongest evidence was

derived from a longitudinal study of 278 American children [11],

which found that low umbilical cord serum ferritin concentrations

in term newborn infants correlated with impaired cognitive

function at 5 year of age. However, the relationship reported in

that study might actually reflect a correlation between poor

placental functioning and neurodevelopmental outcome rather

than a causal link between maternal IDA and child cognitive

defects [45]. Our study provides evidence that maternal iron

deficiency during pregnancy relates to lower infant cognitive

development, through both direct and indirect potential pathways.

First, low maternal iron storage could result directly in low iron

transferred through the placenta to fulfill the fetus’ needs, leading

to adverse consequences for child neurodevelopment [46]. Second,

anemia contributes to maternal fatigue which may interfere with

self-care including food preparation to ensure a sufficient dietary

intake or participation in health care [21]. A limitation of our

study is that it could not distinguish between these two pathways in

the analyses. Antenatal persistent IDA was not prevalent in our

sample (1.6%). Although point prevalence of anemia of 53% had

been reported in one prior study in rural Vietnam, there were no

existing data about persistent anemia/IDA on which to base our

estimates, which were nevertheless higher than were found in this

study [47]. We suggest that the finding of this study about the

association between exposure to persistent IDA and the infant

outcome should be interpreted with care. Further investigation to

confirm the finding in other settings is warranted.

These data strengthen the results of previous studies about the

links between maternal antenatal mental health problems and

infant neurodevelopment. In the Netherlands, pregnancy-specific

anxiety in mid gestation predicted low infant Bayley II Mental

Development Index (Bayley II MDI) (less than percentile 25) at 8

months old (OR 1.1, 95% CI 1.02–1.18) [48], but they did not

state what potential confounding factors were controlled for.

Deave et al [49] reported findings from the UK Avon Longitu-

dinal Study of Parents and Children in 9244 women and their

children which showed an association between having EPDS $10

(usual cut-off score in high-income Anglophone countries to detect

clinically significant symptoms in community samples) during

pregnancy and risk of developmental delay in their infants at 18

months of age (OR 1.34, 95% CI 1.11–1.62). However, they used

the Denver Developmental Screening Test to evaluate child

development, which does not permit different developmental

domains to be assessed. Bergman et al. [17] found prenatal

stressful life events were associated with infant Bayley II MDI at 14

to 19 months old in UK (regression coefficient 23.04 (95% CI:

24.17 to 21.90). In that study, while maternal postpartum

depression was controlled for, they did not control for infant

nutritional status. A limited-sample-size study in 58 Canadian

women who were pregnant during the ice storm observed prenatal

stress exposure accounted for 11.4% of the variation in the

toddlers’ Bayley II MDI at two years of age [50]. None of the

existing studies in high-income countries controlled for the effect of

maternal antenatal anemia or other micronutrient deficiencies.

These factors may not however limit their findings because these

conditions are not prevalent in the high-income settings.

Our findings are inconsistent with the conclusions of Servili et al

[20] who have published the only comparable data to date in a

low- or lower-middle-income country. Their Ethiopian study did

not find an association between maternal antenatal mental health

problems and infant cognitive functioning. There were several

differences of study design that could have led to the difference

with our findings. First, the study in Ethiopia did not control for

IDA which we found was strongly associated with the BSID scores.

The prevalence of anemia in pregnant women in Ethiopia has

been reported to be as high as 29% [51]. Second, Servili et al.

used raw BSID scores in the analyses, so the scores were not

adjusted to account for the infant’s age. The norms of BSID

change for each two weeks of infant age, therefore using raw scores

introduces biases due to the age of infants. Lastly, the timing of

maternal antenatal mental health assessments was only done at

one time, in late pregnancy in the Ethiopian study, while our study

collected these data twice: in both early and late pregnancy. Data

at two points of time can show a persistent condition during

Figure 3. Significant pathways of the factors of infant Bayley Cognitive scores at 6 months of age. Single-headed arrows represent
statistically significant directional paths (only significant paths were presented, for more details see Table 3). Path coefficients are interpreted as
regression coefficients. IDA: iron deficiency anemia; CMD: common mental disorders; WAZ: infant weight-for-age Z-score.
doi:10.1371/journal.pone.0074876.g003
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pregnancy that could have a larger effect size than cross-sectional

data that might detect an acute condition.

The findings of our study were also different from those of other

researchers in low- and lower-middle-income countries [52–55]

who found that postpartum CMD had an adverse effect on infant

cognitive function. The reason for the difference could be that our

study is the only one which takes into account antenatal CMD, a

significant confounder, when examining the relationship between

postpartum CMD and infant development. The mechanisms of

the influence of maternal antenatal and postpartum psychological

problems on child development are probably different. During

pregnancy, cortisol transferring through the placenta might be the

pathway [56] while parenting practices are suggested as a

mediator in the postpartum period [57]. The timing of infant

cognitive assessment in our study was 6 months after birth, which

might not be a sufficient interval to reflect the impact of parental

caregiving on the cognitive functioning of the infant. A previous

study shows that the effect of parenting quality on child cognitive

Table 3. Full Path analysis model of infant Bayley Cognitive
scores at 6 months of age.

Parameter estimates
Regression
coefficient 95% CI

Infant Bayley Cognitive score regressed on

Antenatal CMD at any point 24.80 (29.40; 20.20)

Antenatal Persistent IDA 211.62 (223.01; 20.22)

IDA at W 1 only 23.45 (219.13; 12.24)

IDA at W 2 only 21.83 (25.92; 2.25)

UIC at W2 20.11 (20.94; 0.34)

Infant weight-for-age Z score at W3 2.16 (0.23; 4.08)

Mother’s education level: Up to year 9 2.77 (21.20; 6.73)

75% highest household wealth index 23.87 (27.62; 20.13)

Mother age .30 years 3.39 (20.98; 7.77)

Maternal postnatal CMD at W3 1.26 (21.02; 3.54)

Maternal postnatal CMD at W4 1.76 (20.09; 3.62)

Maternal urine iodine concentration
at W2

20.10 (20.30; 0.09)

Family support at W3 21.16 (23.39; 1.06)

History of intimate partner violence 0.01 (21.07; 1.07)

Infant birthweight (in kilogram) 0.94 (22.86; 4.75)

Infant weight-for-age Z score at 8 weeks
regressed on

Infant birthweight (in kilogram) 1.09 (0.95; 1.23)

75% highest household wealth index 0.27 (0.10; 0.44)

Sufficient breastmilk for infant’s needs 0.44 (0.21; 0.66)

Primiparity 20.21 (20.37; 20.04)

Mother’s education level: Up to year 9 0.05 (20.11; 0.21)

Mother age .30 years 0.06 (20.11; 0.22)

Antenatal CMD at any point 20.05 (20.19; 0.10)

Antenatal Persistent IDA 0.20 (20.19; 0.59)

IDA at W 1 only 20.23 (20.85; 0.39)

IDA at W 2 only 20.05 (20.27; 0.16)

Family support at W3 0.06 (20.08; 0.20)

Infant birthweight regressed on

75% highest household wealth index 0.12 (0.02; 0.23)

Primiparity 20.19 (20.28; 20.09)

Mother age .30 years 20.12 (20.23; 20.02)

Mother’s education level: Up to year 9 0.02 (20.08; 0.12)

Antenatal CMD at any point 20.05 (20.14; 0.04)

Antenatal Persistent IDA 0.24 (20.16; 0.65)

IDA at W 1 only 20.05 (21.12; 1.03)

IDA at W 2 only 0.01 (20.13; 0.16)

UIC at W2 20.01 (20.34; 0.73)

Probability of Mother’s CMD at W3
regressed on

Antenatal CMD at any point 1.06 (0.34; 1.78)

Non-economic co-incidental life
adversity at W3

0.87 (0.20; 1.54)

Mother’s education level: Up to year 9 20.92 (21.61; 20.23)

Mother age .30 years 20.07 (20.89; 0.76)

Primiparity 0.46 (20.09; 1.00)

Table 3. Cont.

Parameter estimates
Regression
coefficient 95% CI

Affectionate relationship with her own
mother

20.77 (21.54; 0.01)

Affectionate relationship with mother-in-law 0.15 (20.36; 0.67)

History of intimate partner violence 0.05 (20.12; 0.22)

Experience of childhood abuse 0.21 (20.43; 0.86)

75% highest household wealth index 0.27 (20.27; 0.80)

Family support at W3 0.19 (20.15; 0.53)

Infant weight-for-age Z score at W3 0.04 (20.21; 0.30)

Probability of Mother’s CMD at W4 regressed on

Maternal CMD at W3 0.43 (0.13; 0.72)

Antenatal CMD at any point 0.74 (20.17; 1.65)

Non-economic co-incidental life adversity at
W4

1.87 (1.25; 2.49)

Mother’s education level: Up to year 9 0.14 (20.62; 0.89)

Mother age .30 years 20.21 (20.97; 0.56)

Primiparity 0.33 (20.4; 1.06)

Affectionate relationship with her own
mother

0.43 (20.24; 1.1)

Affectionate relationship with mother-in-law 0.28 (20.35; 0.9)

History of intimate partner violence 20.03 (20.24; 0.18)

Experience of childhood abuse 0.16 (20.56; 0.87)

75% highest household wealth index 20.20 (20.83; 0.43)

Family support at W4 0.10 (20.24; 0.45)

Infant weight-for-age Z score at W4 0.18 (20.11; 0.48)

Infant Bayley cognitive score 0.01 (20.02; 0.02)

Fit indices Estimates

x2/df (p-value) 57.5/62 (0.63)

RMSEA (Probability RMSEA , = .05) ,0.001 (1.0)

Comparative Fit Index 1.00

Tucker-Lewis Index 1.00

W1: 12–20 weeks of gestation; W2: 32+ weeks of gestation; W3: 8 weeks
postpartum; W4: 6 months postpartum.
RMSEA – root mean square error of approximation.
doi:10.1371/journal.pone.0074876.t003
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development could not be detected until children reached two

years of age [58].

Mechanisms underlying the effects of IDA and/or CMD on

infant development outcome have been discussed where else

[56,59,60]. Both of those risk factors share the most important

pathway via the elevation of maternal stress hormones (cortisol)

and placental corticotropin-releasing hormone (CRH). IDA

increases norepinephrine concentrations that in turn elevates the

release of maternal cortisol and placental CRH [61,62] while

CMD trigger elevated maternal cortisol levels and placental CRH

via the activation of maternal hypothalamic-pituitary-adrenal

(HPA) axis [63]. The fetus may be exposed to maternal cortisol

through the maternal-fetal blood exchange even though the

placenta may protect the fetus from the effects of maternal cortisol

through increasing a placental hormone, 11b-hydroxysteroid

dehydrogenase type 2, which oxidizes cortisol to its inactive form,

cortisone, [64,65]. Placental CRH, which is identical to hypotha-

lamic CRH in structure and function, is released into both mother

and fetus and can act to release cortisol in the fetus [66]. Fetal

adjustments to this adverse condition in utero may cause long-

lasting changes in physiologic functions that render the brain

vulnerable to cognitive developmental delay later in life [2–4,56].

The findings of this study could not prove this mechanism, but

may support it.

Conclusions

We acknowledge several limitations. First, the loss to follow up

was relatively high in this study (119/497, 23.9%). However, high

rates of loss to follow-up were common in similar previous

longitudinal studies including in Servilli et al. 64/258 (24.8%),

Buitelaar et al. 60/230 (26.1%), Bergman et al. 240/365 (65.8%),

and Laplante et al. 172/224 (76.8%). There were no significant

differences in the socio-demographic, psychological, or biological

characteristics between women who provided complete data and

those who were not retained at the six-month postpartum follow

up. The second limitation was that we used the EPDS-V to detect

maternal CMD. The EPDS is a screening tool, which does not

yield diagnoses and does not distinguish between depression and

anxiety. However, in this setting the EPDS clinical cut-off score

that we used has a high level of sensitivity (70%) and specificity

(73%) when validated against a diagnostic psychiatric interview to

detect CMD including depression and anxiety in perinatal women

in the same setting [30]. We acknowledge that the prevalence of

antenatal persistent IDA in our sample was low. In order to

mitigate the effect of that limitation, we have used a robust method

(WLSMV) which recommended for non-normality data to

estimate the parameters of the model. Finally, even though Path

Analysis is an advanced modern statistical technique it makes

assumptions about linearity, additivity, normality, homoskedasti-

city, lack of multicollinearity, and identification. The assumptions

were all checked carefully and there were very few divergences,

but we acknowledge that any of these can reduce the validity of the

findings. Potential confounders that were not assessed or included

in the model might affect the findings [67].

Overall, we believe that the strengths of this study (a

systematically recruited and representative sample and assessment

of both biological and psychosocial factors) outweigh potential

limitations and that the data are reliable and can be generalized

with some confidence to rural Vietnam and other developing

countries. They indicate that persistent IDA and CMD in

pregnant women may increase the risk of lower infant cognitive

development in six-month-old infants in these settings. Our study

contributes to scarce literature on the relationship between

maternal antenatal health and infant development in developing

countries to suggest further attentions to this critical period in

order to improve cognitive function of children in these settings.
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