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ABSTRACT

Objective To determine the association of prenatal
exposure to intimate partner violence (IPV) with birth
weight as a continuous variable among term births in a
Nigerian population.

Design Cross-sectional study.

Setting Mother—child pairs recruited when their newborns
were brought for BCG or other vaccines shortly after

birth at the Child Welfare Clinic of Barau Dikko Teaching
Hospital, Kaduna, Nigeria.

Participants 293 women with term birth infants.

Main exposure and outcome measures Emotional,
physical and sexual IPV were measured postnatally by
interview using the Conflict Tactics Scale. Birth weight in
grams was the main outcome measure. Linear regression,
with adjustment for covariates, was used to estimate
associations between birth weight and exposure to the
presence, and frequency, of IPV.

Results Sixty-seven per cent of mothers experienced

at least one of the three forms of IPV during pregnancy.
Relative to the 33% of women with no prenatal exposure
to any form of IPV, we observed a reduction in birth weight
of 949 (95% Cl: —202 to 15) for prenatal exposure to
emotional IPV, 1629 (95% Cl —267 to —58) for physical
IPV and 1399 (95% Cl —248 to —30) for sexual IPV. The
combination of all three forms of IPV was associated with
a 223 g reduction in birth weight (95% Cl —368 to —77).
Increasing occurrences of each of the three types of IPV
were associated with greater reductions in birth weight.
For physical IPV, relative to no exposure to any form of IPV,
birth weight was lower by 1129 (95% Cl —219 to —4) with
1-5 instances and 3809 (95% Cl —553 to —206) for >5
instances over the pregnancy.

Conclusions Maternal exposure to IPV was associated
with shifting of the birth weight distribution among term
newborns. A dose—response relationship was observed
between frequency of IPV and birth weight.

BACKGROUND

Intimate partner violence (IPV) during preg-
nancy is a global public health problem for its
consequences on maternal and fetal health.'™
IPV is the foremost cause of reported trauma
during pregnancy and the prevalence varies

Strengths and limitations of this study

» Evaluation of impact of different forms of intimate
partner violence (IPV) (emotional, physical, sexual)
and their combined effect on birth weight in Nigerian
women.

» The use of Conflict Tactics Scale for measuring the
prevalence of forms of IPV, and their frequencies,
which enabled the estimation of dose—response
relationships.

» We sought replication of our key findings in a larg-
er prospective birth cohort in another sub-Saharan
African country: Tanzania.

» Assessment of prenatal IPV after delivery raises con-
cern about potential recall bias.

» Possibility of unmeasured confounding for factors
such as hypertension, maternal smoking and alcohol
ingestion during pregnancy.

between and within countries.* > Individual-
level demographic, psychocognitive, and
sociocultural factors of a woman and her
intimate partner primarily determine IPV.°
Prenatal IPV has been related to adverse
birth outcomes including low birth weight
(LBW) . The mechanisms of how IPV expo-
sure during pregnancy might impact birth
outcomes include direct and indirect biolog-
ical effects on fetal growth."” Prenatal TPV
is considered a potentially modifiable risk
factor for the prevention of LBW.' ' 1

Using a variety of IPV screening tools, which
vary in psychometric properties and suit-
ability for assessing the different forms of IPV
and their frequencies,! '*'® prenatal expo-
sure to emotional, physical or sexual forms
of IPV, singly, or in combination, has been
shown to be associated with LBW as a binary
outcome.' ? Although numerous studies have
examined the association of physical IPV
and LBW,1 few have focused on the effects
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of emotional or sexual IPV. Identifying the differential
effects of different forms of IPV may have implications
for developing interventions.

Prior studies have primarily used categorical LBW, as
opposed to continuous birth weight, which will not detect
shifts of birth weight distribution across the entire range.
In addition, because birth weight is highly influenced by
gestational age,'” '® studies limited to term infants can
estimate unbiased associations with birth weight inde-
pendent of gestational age. Importantly, the association
of prenatal IPV and birth weight as a continuous vari-
able among term births has not been extensively studied
in sub-Saharan Africa.! 2 '3 1926 Furthermore, evidence
synthesis has shown that few of the prior studies explored
a potential dose-response relationship of prenatal IPV
exposure and birth weight among term birth infants.' '*#’

Although the prevalence of IPV among pregnant
women in sub-Saharan Africa is one of the highest
reported globally, there are scant contemporary epide-
miological studies about its effect on birth weight in
the region."” 19 2" # 202 Nijgeria is Africa’s most popu-
lous nation and among the five countries where most
of the small-for-gestational-age infants are born in the
world.” Investigating the effect of potentially modifiable
risk factors like IPV exposure during pregnancy would
be needed for designing evidence-based interventions.
Therefore, in this study, we aimed to determine the asso-
ciation of prenatal exposure to IPV with birth weight,
analysed as a continuous variable, among term births in
a Nigerian population. We considered both the presence
and frequency of IPV exposure.

METHODS

Study setting and population

This cross-sectional study was conducted at the Child
Welfare Clinic of Barau Dikko Teaching Hospital, Kaduna
(Kaduna State, Northwestern Nigeria). The catchment
area of this hospital is the entire city of Kaduna, the
fourth largest in Nigeria based on a population of 1.6
million.® We collected data for this study using the elec-
tronic data capture platform, Research Electronic Data
Capture. Participants of this study were selected from a
larger population that has been previously described
(online supplemental file 1—participant selection flow-
chart).”" This larger population included all women who
brought their newborns to the study site for BCG vaccina-
tion and growth monitoring within the first week of life
over the period of January 2017-April 2019. The partici-
pant recruitment for the IPV study occurred in October—
December 2018 and targeted all mothers whose infants
were 14 weeks of age or less at the time of the clinic visit.
We limited enrolment to this 14-week window because we
were asking retrospectively about IPV exposure during
pregnancy. This recruitment strategy also allowed inclu-
sion of mothers who delivered at home, to improve the
study’s generalisability. A total of 328 mother—child pairs
met the inclusion criteria of providing informed consent

to participate and having birth weight measured at birth
or within 48 hours of delivery and entered on the child
health card (online supplemental file 2). Multiple births
were excluded because they have a higher risk of preterm
birth and LBW. Two trained research assistants collected
information regarding IPV using the Conflict Tactics
Scale (CTS) by conducting face-to-face interviews after
the BCG immunisation in a secluded space situated away
from the Child Welfare Clinic.”* The CTS has questions
enquiring about the presence and frequency of specific
acts to measure different forms of IPV.* Additionally,
the CTS has cross-cultural reliability and validity as well
as high sensitivity and specificity for detecting violence
against pregnant women.'* ' All the interview sessions
were done in either English or Hausa, depending on the
participant’s preference, with each interview, including
informed consent, lasting an average of 25min for
approximately 7-10 women per day.

Exposure and outcome measurements
Exposure variable
The CTS evaluates three domains of IPV: emotional
violence (three questions), physical violence (seven ques-
tions) and sexual violence (three questions) by asking the
woman about whether her husband/partner committed
specific acts that constitute IPV. A yes answer to one or
more of items within a domain is evidence of having expe-
rienced that specific form of IPV (online supplemental
table S1). We used the generally accepted standard for
CTS scoring described in the CTS manual.*® Binary vari-
ables were created to indicate exposure or not, during
the pregnancy, to each type of IPV: emotional, physical
or sexual. The following variables were created to assess
exposure to combined forms of IPV: either emotional or
physical, either emotional or sexual, either physical or
sexual, or a combination of all three forms of IPV. For
each of these combined variables, the reference category
was no exposure to any form of IPV during the pregnancy.
The CTS also elicits the frequency of each type of IPV
in categories ranging from once to more than 20 times
across pregnancy (online supplemental file 3).* In order
to use the same categories across the three types of IPV,
and to avoid sparse frequencies in some categories, we
collapsed the categories on the CTS into three: no expo-
sure, one to five times during the pregnancy or more than
five times.

Outcome variables

Birth weight (in grams) was recorded as a continuous
variable on the child health (immunisation and growth
monitoring) card. Trained nurses/midwives measured
the birth weight using a digital scale at birth for infants
delivered in the health facility or within 48 hours, during
the BCG immunisation visit, for those delivered at home.
Birth weight was measured without clothing. Scales were
calibrated using a standard weight to ensure accuracy and
comparability. We restricted the analysis to term births
(237 completed weeks) as birth weightis highly influenced
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by gestational age.'” The algorithm for identifying term
births was based on self-report of the last menstrual
period (LMP). We had imprecision in the estimation of
gestational age because some women did not remember
their LMP and women in our population generally report
their gestational length in whole completed months
rather than in weeks. There are approximately 4.25 weeks
in a month and through the conversion of months to
weeks for data entry, 9-month pregnancies were recorded
as 38.25 weeks (9 months times 4.25 weeks).

Covariates

We obtained covariates from the structured questionnaire
administered to all participants (online supplemental file
3).* We evaluated established risk factors for LBW in
the literature for association with IPV in our data.®'®
These included maternal age recorded continuously but
classified as <20, 20-34 and 235 years, educational level
(none, primary, secondary and tertiary), employment
status (employed or not employed) and parity (primi-
parae or multiparae). Other covariates considered were
the intimate partner’s educational level (none, primary,
secondary and tertiary), use of alcohol or illicit drugs,
and household poverty probability level categorised as
low, intermediate or high.

Household poverty probability level

The participant’s household socioeconomic level was
derived from the Poverty Probability Index (PPI).*
The PPI consists of 10 structured questions included in
the study questionnaire (online supplemental file 3).
Each question has categories that are scored and these
scores are summed across all questions for each partic-
ipant household to obtain a total household PPI score.
The total scores ranged from 0 to 100 and we used the
Nigerian-specific look-up table (online supplemental file
4) to convert the total score to a poverty likelihood score
(percentiles). We summarised the poverty likelihood
scores (probability level) into quartiles and merged the
middle quartiles to create three categories: low (£25%),
intermediate (26%-75%) and high (>75%).

Statistical analysis

A total of 293 term infants were included in all analyses.
We compared maternal, intimate partner and infant char-
acteristics by maternal exposure to any prenatal IPV (yes
or no). X* and Fisher’s exact tests were used to compare
discrete variables, while analysis of variance was used for
continuous variables. Linear regression was used to assess
the relationship of prenatal exposure to IPV with birth
weight among term births. We conducted this analysis
with the various forms of IPV expressed as binary expo-
sures (yes or no) as well as categories of IPV frequency
(none, 1-5 times and >5 times during pregnancy) to
characterise the dose-response association. We tested for
a dose-response relationship across the three frequency
exposure categories using an ordinal term, scored as 0,
1 or 2, and reported the p value for this ordinal test for

trend. The estimated B coefficients correspond to the
difference in birth weight (in grams) for the relevant
exposure to IPV. We evaluated covariates described above
that were related to birth weight in the literature and
retained those in adjusted models that were associated, at
p value of <0.05, with any of the three IPV variables. These
were maternal age, parity, education and household-
predicted poverty level.

Because our data on IPV were collected after birth, we
attempted to replicate our results using a publicly avail-
able dataset from a prospective study in Tanzania in which
information about IPV was collected during pregnancy.
This study of 1112 mother-newborn pairs previously
reported the association of prenatal IPV with gestational
age and birth weight as binary outcomes (preterm birth
and LBW).' The women were recruited before 24 weeks’
gestation when ultrasound was performed to estimate
gestational age, evaluated for exposure to IPV during
pregnancy at 34 weeks’ gestation and birth weight was
measured, using a calibrated digital scale, either in the
hospital immediately after delivery or within 48hours
after delivery for women who delivered at home. Nearly
all women (98.8%) delivered in a health facility. Exposure
to IPV was assessed using the questionnaire employed in
the WHO Multi-Country Study on Women and Domestic
Violence against Women.” The questionnaire was built on
the design of the CTS, in that women were asked ques-
tions about their experience of specific acts of emotional,
physical and sexual violence during pregnancy by the
intimate partner. In the Tanzanian data, we estimated
the association between prenatal IPV exposure and birth
weight as a continuous variable among 1024 term births
with adjustment for maternal age, parity, education,
height and smoking (daily, occasionally or not at all).

We set the threshold of statistical significance for
all analyses at 0.05. SPSS V.23 was used to perform all
analyses. A completed copy of the Strengthening the
Reporting of Observational Studies in Epidemiology
checklist for cross-sectional studies is included as online
supplemental file 5.

RESULTS

Sociodemographic, intimate partner and infant characteristics
by maternal exposure to any prenatal IPV among term births
Maternal age was not significantly different for those
exposed to prenatal IPV (28.8+5.9 years) compared with
unexposed (29.2+5.7 years). IPV exposed and unex-
posed women were comparable in marital status, parity,
employment status and educational level of the intimate
partner (table 1). The two IPV exposure groups differed
by maternal education, household poverty probability
level, substance abuse by the intimate partner and infant
birth outcomes. The proportion of tertiary-educated
women was lower among the IPV exposed (35%) than the
unexposed (50%). The prevalence of women residing in
households with intermediate-high poverty probability
level was greater in the IPV exposed (65%) compared
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Table 1 Maternal sociodemographic, intimate partner and
infant characteristics by maternal exposure to any prenatal
intimate partner violence among 293 term births

Table 2 Prevalence of exposure to different forms of
prenatal intimate partner violence (IPV) among 293 term
births

Exposure to prenatal
intimate partner violence P

Yes (n=195) No (n=98)

Variable n (%) value

Maternal age, mean+SD 28.8+5.9 29.2+5.7 0.58
<20 years 8 (4.1) 3(3.1) 0.85
20-34 years 152 (77.9) 79 (80.6)
>35 years 35(17.9) 16 (16.3)

Current marital status*

Married 190 (97.4) 98 (100)
Unmarried 5(2.6) 0 (0.0)

Parity
Primiparae 45 (23.1) 30 (30.6) 0.16
Multiparae 150 (76.9) 68 (69.4)

Educational level
No tertiary education 126 (64.6) 49 (50.0) 0.02
Tertiary education 69 (35.4) 49 (50.0)

Maternal employment status*

Unemployed 72 (37.1) 35(35.7) 0.89
Employed 122 (62.9) 63 (64.3)

Household poverty probability level
Low (£25%) 69 (35.4) 51 (52.0) 0.02
Intermediate (26%-75%) 110 (56.4) 43 (43.9)

High (>75%) 16 (8.2) 4(4.1)

Educational level of intimate partner*

No tertiary education 88 (45.4) 34 (34.7) 041
Tertiary education 106 (54.6) 64 (65.3)

Substance abuse by an intimate partner
None 144 (73.8) 89 (90.8) 0.01
Alcohol only 32 (16.4) 7(7.1)
lllicit drugs (eg, marijuana) 10 (5.1) 1(1.0)
only
Both alcohol and illicit 9 (4.6) 1(1.0)
drugs

Infant birth outcomes
Gestational age at delivery 38-41 39-42
in weeks (Q1-Q3)

Median birth weight in 3000 (500) 3100 (600)
grams (IQR)
Low birth weight (<2500¢) 15 (7.7) 0 (0.0

*Total across categories may not add because of missing
observations. Discrete variables were compared using X?

and Fisher’s exact tests, while the continuous variables were
compared with analysis of variance. Q1-Q8 is first quartile (Q1)
to third quartile (Q3). IQR=Q3-Q1.

with the unexposed (48%). Prevalence of substance
abuse by an intimate partner was higher among the IPV
exposed (26%) than the unexposed women (9.2%).
Gestational age at delivery was lower in the IPV exposed

Number Prevalence

Forms of exposure to IPV (n) (%)

No IPV exposure during pregnancy 98 33.4

At least one form of IPV during 195 66.6

pregnancy

All three forms of IPV (combined 3il 10.6

IPV)

Any form of emotional IPV 150 51.2
Emotional IPV only 44 15
Emotional IPV combined with 53 18.1
physical IPV
Emotional IPV combined with 22 7.5
sexual IPV

Any form of physical IPV 100 34.1
Physical IPV only 8 2.7
Emotional IPV combined with 53 18.1
physical IPV
Physical IPV combined with 8 2.7
sexual IPV

Any form of sexual IPV 90 30.7
Sexual IPV only 29 9.9
Emotional IPV combined with 22 7.5
sexual IPV
Physical IPV combined with 8 2.7
sexual IPV

compared with unexposed. Birth weight in the infants of
the IPV exposed (median=3000g; IQR=500) was lower
than in infants of unexposed mothers (3100 g; IQR=600).
Although we did not collect information about place of
delivery, in the parent study from which all the partici-
pants came, few women (2.3%) gave birth at home.”'

Prevalence of exposure to different forms of prenatal IPV
among term births

We observed that 67% of the mothers experienced at
least one form of IPV during pregnancy and 11% were
exposed to all three (table 2). A relatively small propor-
tion of the IPV-exposed women were exclusively exposed
to only one form of IPV. The prevalence of being exposed
during pregnancy to emotional IPV, either alone or in
combination with other forms of IPV was 51%. Compa-
rable prevalences were 34% for physical IPV and 31% for
sexual IPV. The prevalence was 18% for the combination
of emotional and physical violence, 8% for the combina-
tion of emotional and sexual violence, and 3% for phys-
ical and sexual violence.

Factors associated with IPV during pregnancy among term
births

The characteristics associated with the emotional and
physical forms of IPV were similar (online supplemental
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Table 3 Association of prenatal intimate partner violence (IPV) exposure, compared with no exposure, and birth weight (BW)

as a continuous variable among 293 term births

IPV exposure N Mean BW (SD) grams Crude model: §*, 95% CI Adjusted model: §*, 95% CI
No exposure to IPV 98 3098 (319) Reference Reference

Any form of IPV 195 2995 (442) -103 (=201 to -4) -99 (-201 to 2)

Any form of emotional IPV 150 2987 (459) -111 (-215 to -6) -94 (-202 to 15)

Any form of physical IPV 100 2920 (390) -178 (-278 to -78) -162 (-267 to -58)

Any form of sexual IPV 90 2962 (408) -136 (-241 to -31) -139 (-248 to -30)

Any two forms of IPVT 83 2957 (410) -141 (-248 to -34) -145 (-258 to -32)

All three forms of IPV 31 2858 (387) —-240 (=377 to —-103) —-223 (-368 to -77)

The reference group for comparison in all analysis is no exposure to IPV.
*Difference in BW (in grams) for exposure to a form of IPV relative to no exposure. Adjusted for maternal age, parity, education and

household poverty level.

TAny two forms of IPV=emotional and physical IPV, emotional and sexual IPV or physical and sexual IPV.

table S2). The factors associated with emotional and
physical violence included intermediate or high poverty
probability level, mothers without tertiary education,
multiparity, substance abuse by an intimate partner and
an intimate partner with less than tertiary education.
Exposure to sexual violence did not vary across levels of
most factors examined but women with no tertiary educa-
tion had an elevated prevalence.

Association between IPV during pregnancy with birth weight
among term births

Online supplemental table S3 shows the mean birth
weight for the original categories of IPV exposure,
recorded on the CTS, with p values for the crude differ-
ence in birth weight for each category relative to no
IPV of any kind. The mean birth weight of term births
declines proportionally with increasing levels of expo-
sure to different forms of prenatal IPV from none, once,
twice, 3-5 times, 6—10 times, 11-20 times and >20 times.
To address sparse data, categories of frequency of expo-
sure were collapsed into three: no exposure to any type of
IPV, one to five times or more than five times during the
pregnancy for subsequent analyses. Prenatal exposure to
each type or combination of types of IPV, compared with
no exposure to any IPV, was associated with a reduction in
birth weight among term newborns (table 3). Compared
with newborns of mothers with no exposure to any type
of IPV during pregnancy, birth weight was lower by 162g
(95% CI 267 to —58) for those exposed to physical IPV,
94¢g (95% CI -202 to 15) lower for exposure to emotional
IPV and 139g (95% CI -248 to -30) lower for exposure
to sexual IPV. The combination of all three forms of
violence was associated with 223 g (95% CI -368 to -77)
lower birth weight.

For each of the three types of violence, the reduction
in birth weight increased across categories and the test
for ordinal trend was significant (table 4). For emotional
IPV, the association was strongest among the most highly
exposed; women exposed more than five times had
newborns with a birth weight of 155g (95% CI -277 to

-33) less than mothers unexposed to any form of IPV. For
physical IPV the association with birth weight increased
across categories; compared with unexposed women,
those exposed one to five times had infants weighing 112 g
(95% CI -219 to —4) less and those exposed more than
five times had birth weight 380g (95% CI -553 to —206)
lower. Likewise for sexual violence, the reduction in birth
weight was greatest at the highest exposure; mothers
exposed more than five times had infants weighing 262 g
(95% CI -401 to —123) less than women unexposed to any
form of violence.

Among the Tanzanian term newborns, exposure to
emotional violence was associated with birth weight 54g
(95% CI -118 to 10) lower than those unexposed to any
form of IPV (online supplemental table S4). Compared
with those unexposed, exposure to physical violence was
associated 135g (95% CI -255 to —15) lower birth weight
and sexual violence with 88g (95% CI -164 to -11) lower
birth weight.

DISCUSSION
In this study of term births in Nigeria, we found that
more than half of the mothers were exposed to at least
one form of IPV during pregnancy and that this exposure
was associated with reduced birth weight. The combina-
tion of two or all three forms of IPV had a slightly greater
effect on birth weight than exposure to any one form
of violence. Physical IPV alone was uncommon but in
combination with other forms, it had the largest impact
on birth weight. These findings were replicated in a
similar population in Tanzania. In our study population
we also observed a dose-response relationship between
the number of instances of prenatal exposure to violence
and reduced birth weight, with the strongest association
for increasing exposure to physical violence.

The prevalence of IPV during pregnancy observed
in our study is consistent with studies from Nigeria and
sub-Saharan Africa in general."” *® We observed a higher
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Table 4 Association of the frequency of prenatal intimate partner violence (IPV) exposure and birth weight (BW) as a

continuous variable among 293 term births

Mean BW (SD) P trend
IPV Exposure N grams Crude model: *, 95% Cl Adjusted model: p*, 95% Cl ordinal
No exposure to IPV 98 3098 (319) Reference Reference
Exposure to any IPV
1-5 times 60 3152 (319) 54 (-74 to 182) 50 (-80 to 179) <0.01
>5 times 135 2926 (409) -172 (-276 to —68) -172 (-279 to —-64)
Any form of emotional IPV
1-5 times 63 3073 (507) —-25 (-154 to 104) -11 (-143 to 121) 0.01
>5 times 87 2925 (412) -173 (-291 to -55) —-155 (=277 to —33)
Any form of physical IPV
1-5 times 79 2978 (367) -119 (-223 to -16) -112 (-219 to —4) <0.01
>5 times 21 2700 (402) —398 (-563 to —233) —-380 (-558 to —206)
Any form of sexual IPV
1-5 times 50 3052 (341) —-46 (-169 to 77) —48 (=174 10 77) <0.01
>5 times 40 2850 (460) —248 (-381 to —-115) —262 (-401 to —123)

Categories of IPV frequency (0=none, 1=1-5 times and 2=>5 times during pregnancy). The reference group for comparison in all analysis

is no exposure to IPV.

*Difference in BW (in grams) per category of IPV exposure relative to no exposure. Adjusted for maternal age, parity, education and

household poverty level.

prevalence of violence in our study area than that reported
in the Nigerian Demographic and Health Survey (NDHS
2018).*” This disparity could be attributed to different
methodological approaches. Although the NDHS used
the same tool for assessing IPV, we interviewed women
postnatally in a secure setting that ensured their privacy,
while eligible women in the NDHS were interviewed
within the household, which can affect reporting rates for
IPV.”" Indeed, a study analysing DHS survey data on IPV
during pregnancy from 19 countries emphasised that the
figures presented are likely to be underestimated because
women may not have felt comfortable disclosing expe-
riences of violence during pregnancy.” Misreporting of
sensitive topics may be common if respondents self-edit
the information they report to avoid embarrassing them-
selves in the presence of an interviewer or to avoid reper-
cussions from third parties.* *’

We found that exposure to any form of violence was asso-
ciated with reduced birth weight. This association could
be mediated by both biological and behavioural effects of
IPV."! Prenatal IPV is a stressor that provokes high levels
of cortisol, which has been associated with a reduction in
birth weight."” Low social resources and maternal stress
have also been associated with elevated cortisol levels."’
Our findings indicate that the association between IPV
and birth weight is not strongly confounded by maternal
age, parity, education or socioeconomic status. Although
we did not collect information on smoking, our analysis
of the Tanzanian study, which did assess this exposure,
decreases the concern that our results are confounded

by smoking.

According to the traditional interpretation of a biolog-
ical gradient, the presence of a dose-response relation-
ship supports a causal association between exposure and
outcome.” Some studies have reported that exposure
to more instances or combinations of two or all three
forms of IPV during pregnancy are more strongly related
to risk of LBW as a binary variable.! ? In our study of
continuous birth weight among term infants, we found
that exposure to more than one form of IPV was related
to larger reduction in birth weight. Furthermore, our
results showed a dose—response relationship between the
number of instances of exposure to all types of IPV and
birth weight. The association was strongest when physical
IPV was included. The estimated effect of physical IPV on
birth weight is similar in magnitude to that of maternal
smoking during pregnancy, illustrating the importance of
studying and implementing methods to reduce prenatal
[py S48

Strengths and limitations

The manner in which we calculated gestational age using
months based on maternal report after birth is a limitation
because of misclassification from imprecise reporting. We
expect this misclassification to be non-differential with
respect to IPV exposure but we have no data to evaluate
this issue. The difficulty of enrolling women delivering
at home is a major challenge to getting a representative
sample of participants for perinatal research in Nigeria.”'
We recognise the potential bias in birth weight measure-
ment within 48 hours for infants born at home, as it is
known that there is a 5%-10% loss of birth weight during
the initial few days of life.*” ** However, the proportion
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of mothers that gave birth at home was too low to influ-
ence the mean birth weight and further we have reported
that breastfeeding practices are comparable with those
of women who delivered in the health facility.” There
could be unmeasured confounding for factors we did
not assess, especially hypertension during pregnancy
and pregnancy-associated malaria. However, we had a
relatively short period of recruitment, which should stan-
dardise the seasonal exposure to malaria.”” * Prenatal
maternal smoking and alcohol intake are established
risk factors for LBW, but we do not have data for these
exposures that have been documented to be uncommon
among pregnant women in this population.*’** However,
we did not observe confounding by smoking in the Tanza-
nian data. There is also a risk of potential recall bias due
to collection of IPV data postnatally. The validation of
our results in the prospectively collected Tanzanian data
provides reassurance on this issue.'?

Our study has several strengths. Our sample size is
modest, but it is large relative to some previous studies.'**’
We replicated our findings using a larger dataset from
a Tanzanian prospective cohort study which produced
results similar in magnitude and direction. We used the
CTS for measuring the prevalence and frequency of
occurrence for distinct forms of IPV that also enabled the
estimation of a dose-response relationship. The CTS was
also used in the NDHS, which makes our findings reliable
for regional, national and international comparisons. The
conduct of our interviews in a secured setting assured the
women of their privacy thereby augmenting the reliability
and validity of sensitive data such as IPV.”!

Conclusion and implication of findings
All forms of IPV were associated with reduction of birth
weight in our study of term births in Nigeria. Studying
birth weight as a continuous variable among term births
enables evaluation of the effect of prenatal IPV exposure
on shifting the birth weight distribution, independent of
the effect of gestational age.'® Greater reductions in birth
weight were seen with greater levels of exposure to each
type of violence. Our findings on the importance of IPV
suggest that specific nutritional or lifestyle interventions
to improve birth outcomes that ignore this key exposure
will be less likely to be successful. It is possible that effects
of IPV on birth weight could differ by timing of expo-
sure during pregnancy or by biological factors such as
advancing maternal age and parity, or infections like HIV
and malaria. Hence, there is a need for further research
using larger datasets that more precisely measure timing
of exposure along with these and other co-exposures.
Our findings underscore the urgency of protecting
women from IPV as part of interventions to improve
the distribution of birth weights. Prenatal IPV is a modi-
fiable exposure that could be targeted for prevention.’
However, screening for IPV is not currently included in
the standard of care in Nigeria, nor are interventions to
reduce IPV. Thus, more work in this direction is needed.
Given the magnitude of the effect we observed and the

high prevalence of exposure, IPV research should be a
public health priority.
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