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Abstract

Background: In South Asia, a third of babies are born small-for-gestational age (SGA). The risk factors are well
described in the literature, but many studies are in high-and-middle income countries or measure SGA on facility
births only. There are fewer studies that describe the prevalence of risk factors for large-for-gestational age (LGA) in
low-income countries. We aim to describe the factors associated with SGA and LGA in a population-based cohort of
pregnant women in rural Nepal.

Methods: This is a secondary data analysis of community-based trial on neonatal oil massage (22,545 women con-
tributing 39,479 pregnancies). Demographic, socio-economic status (SES), medical/obstetric history, and timing of last
menstruation were collected at enrollment. Vital signs, illness symptoms, and antenatal care (ANC) attendance were
collected throughout the pregnancy and neonatal weight was measured for live births. We conducted multivariate
analysis using multinomial, multilevel logistic regression, reporting the odds ratio (OR) with 95% confidence intervals
(Cls). Outcomes were SGA, LGA compared to appropriate-for-gestational age (AGA) and were multiply imputed using
birthweight recalibrated to time at delivery.

Results: SGA was associated with nulligravida (OR: 2.12 95% Cl: 1.93-2.34), gravida/nulliparous (OR: 1.86, 95% Cl:
1.26-2.74), interpregnancy intervals less than 18 months (OR: 1.16, 95% Cl: 1.07-1.27), and poor appetite/vomiting in
the second trimester, (OR: 1.27,95% Cl: 1.19-1.35). Greater wealth (OR: 0.78, 95% Cl: 0.69-0.88), swelling of hands/face
in the third trimester (OR: 0.81, 95% Cl: 0.69-0.94) parity greater than five (OR: 0.77, 95% Cl: 0.65-0.92), male fetal sex
(OR: 0.91, 95% CI: 0.86-0.98), and increased weight gain (OR: 0.93 per weight kilogram difference between 2" and 3
trimester, 95% Cl: 0.92-0.95) were protective for SGA.
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Four or more ANC visits (OR: 0.53, 95% Cl: 0.41-0.68) and respiratory symptoms in the third trimester (OR: 0.67, 95% Cl:
0.54-0.84) were negatively associated with LGA, and maternal age < 18 years (OR: 1.39, 95% Cl: 1.03-1.87) and respira-
tory symptoms in the second trimester (OR: 1.27, 95% Cl: 1.07-1.51) were positively associated with LGA.
Conclusions: Our findings are in line with known risk factors for SGA. Because the prevalence and mortality risk of
LGA babies is low in this population, it is likely LGA status does not indicate underlaying illness. Improved and equita-
ble access to high quality antenatal care, monitoring for appropriate gestational weight gain and increased monitor-
ing of women with high-risk pregnancies may reduce prevalence and improve outcomes of SGA babies.

Trial Registration: The study used in this secondary data analysis was registered at Clinicaltrials.gov NCTO1177111.

Keywords: Small-for-gestational age, Large-for-gestational age, Cohort study, Nepal

Background

In 2012, an estimated 23.3 million babies were born
small-for-gestational age in low-and-middle income
countries (LMICs) [1]. Compared to appropriate-for-ges-
tational age babies, SGA babies have an 83% higher risk
of dying in the first month of life and are at increased risk
of faltering physical and neurological development [2,
3] Small-for-gestational age (SGA) is defined as a birth-
weight-for-gestational age less than the 10 percentile of
a sex-specific standard infant population. Globally, South
Asia has the highest prevalence, a third of babies are born
SGA (34%) and SGA accounts for a quarter (24%) of all
neonatal deaths [1].

There have been many studies on the risk factors for
small newborns across high-and low- income and preva-
lence settings, looking at both SGA and low birthweight
(birthweight <2500 g irrespective of gestational age) as
outcomes but many are hospital-based [4—7] or based on
maternal recall of birth weight from household surveys
[8, 9]. Babies born at home may be at higher risk of SGA
and maternal report of birthweight from household sur-
veys may be impacted by recall bias and have high levels
of missingness [10].

Risk factors previously identified include socioeco-
nomic (i.e., education, marital status), reproductive his-
tory (i.e., adolescent birth, parity), access to health care
(i.e., tetanus toxoid vaccination, antenatal care), behavio-
ral factors (i.e., tobacco and caffeine use), and maternal
health factors (i.e., hypertension, eclampsia/preeclampsia
or disease such as HIV infection or periodontal disease)
[4, 11-14]. A recent analysis of 81 LMICs found vitamin
D deficiency, low gestation weight gain, hypertension,
primiparity between 18-35 years of age, short height,
and air pollution to be the leading population attribut-
able risk factors for SGA [15]. However many of the
studies evaluating risk factors focus on low birthweight
as an outcome or are not population-based. Addition-
ally, large-for-gestational age (LGA) babies with a birth-
weight >90" percentile of a standard population have
associated health risks but less is known about the risk

factors or prevalence of disease in LGA babies born in
LMICs [16, 17].

To estimate SGA and LGA, an accurate measure of ges-
tational age and birthweight at delivery is required, along
with infant sex. Birthweight measures of babies born at
home are critical to estimate population-level SGA, but
it may take several days before a health worker can meas-
ure weights of infants born at home, often at the nadir
of the infant’s weight loss. Typically, babies may lose up
to 10% of their body weight in the early neonatal period,
primarily due to loss of water weight, as they physiologi-
cally adjust to life outside the womb and this weight loss
is not indicative of poor health [18]. Using birthweights
imputed to the time of delivery reduces over-estimation
of SGA [19].

In this study, we aim to determine risk factors for
SGA and LGA including maternal, demographic, socio-
economic, health access, and pregnancy level factors in
a South Asian setting with high prevalence of SGA. This
study contributes to the body of knowledge on risks for
SGA and LGA in LMICs, using data collected prospec-
tively throughout pregnancy, including both facility and
home births, and is one of the first to measure these
associations using birthweights imputed to the time of
delivery.

Methods

This is a secondary data analysis of a community-based,
randomized controlled trial in the Sarlahi district in
southern Nepal (Clinicaltrials.gov NCT01177111). In this
setting, approximately a fifth of all neonatal deaths are
due to infection.! Traditionally, babies are massaged with
mustard oil — a substance that may reduce the structural
integrity of the skin barrier, resulting in increased infec-
tions. It was hypothesized that improving skin barrier
function through oil massage with a less irritating sub-
stance could make babies less susceptible to infections,

! Personal communication, Joanne Katz, Johns Hopkins Bloomberg School of
Public Health, April 2022.
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39,479 pregnancies identified based on
missed period
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v

31,424 singletons with size-for-
gestational age status

Fig. 1 Flow diagram of pregnancies, losses, outcomes, follow up, Nepal Oil Massage Study

188: missing gestational age, baby
gender, and/or covariates
needed for imputation

especially those born preterm and/or SGA. The Nepal
Oil Massage Study (NOMS) aimed to determine whether
neonatal massage using sunflower oil, instead of tradi-
tional mustard oil reduced neonatal morbidity and mor-
tality [20].

Data collection

Geographic areas (340 clusters) were randomized to
control (mustard oil, =171 clusters) or treatment
(sunflower oil, n=169 clusters) prior to the start of the
study. Pregnant women were identified in the commu-
nity by field workers at the Nepal Nutritional Interven-
tion Project-Sarlahi site. All pregnant women (regardless
of age) living in the study area were eligible. Those who
consented verbally were visited at home approximately
every five weeks to collect data on last menstrual period
(LMP). If the woman had not had a menstrual period in
the previous month, she was offered a pregnancy test
and if pregnant, she was enrolled in the study. Median
gestational age at enrollment was 14.1 weeks and some
women contributed multiple pregnancies to the study.
Enrollment occurred from November 2010 through Jan-
uary 2017, with vital data on neonates collected through
July 2017. From the 340 clusters, 39,479 pregnancies were

identified, 34,533 pregnancies with a known outcome
and 32,116 live births (Fig. 1).

At enrollment, data were collected on household
demographic factors, socioeconomic status and wom-
en’s age, height in centimeters (cm), alcohol and tobacco
use, and reproductive history. The field teams visited the
study participants monthly during their pregnancy to
administer a questionnaire on any symptoms they expe-
rienced and to measure blood pressure, weight, pulse,
and temperature. Mothers were visited shortly after the
delivery for additional data collection on the place of
delivery, number of antenatal care visits, exact date and
time of delivery, infant sex, singleton or multiple status,
and measurement of infant weight. Morbidity and mor-
tality data were collected through the neonatal period
(28 days).

Weight was measured in grams using a Tanita digital
infant weight scale with 10 g precision. Weight for both
home and facility births were measured by trained study
staff with sufficient inter-and interobserver reliability.
Scales were recalibrated daily and evaluated throughout
the study for drift. Weight was measured three times
and recorded the median. The team collected weight
only on liveborn babies who survived to the time of the
first postnatal visit. Median time of weight measurement
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was 15.2 h: 12.3 h for babies born at home and 19.8 h for
babies born at the facility.

Outcome variable definition and imputation

Gestational age was calculated using the difference
between the date of LMP collected at enrollment and the
reported date and time of delivery. Since weights were
measured outside the first 24 h after delivery for approxi-
mately a third of the infants (33.7%), we conducted an
imputation that [1] pulls the weights measured during
the early neonatal period back to the time of delivery; [2]
imputes a birthweight for babies missing weight meas-
urement (12% of the sample). Additional details on the
imputation methods are found here [19].

SGA status was defined using Intergrowth-21% popula-
tion standards stratified by infant sex that were extrapo-
lated for 42—44 and 22-24 weeks GA.? [21] Our primary
outcomes were SGA (<10 percentile (pc) compared to
the standard population) and LGA (>90pc). Babies miss-
ing gender (0.3%) required to determine SGA status were
excluded. No babies were missing gestational age.

Covariate definitions

Socioeconomic status of the mother was defined by
reported, education of the mother was categorized by
years, caste/religion, and wealth was defined by principle
components analysis of household assets ownership by
quintile [22]. Caste/religion (Brahmin |Chhetri, Vaishya,
Shudra, Muslim and others) was defined using the
Nepal caste system [23]. We defined alcohol or tobacco
fetal exposure as any reported use during the pregnancy
(which was asked monthly). Babies were considered pro-
tected from tetanus toxoid if the mother reported at least
one vaccine dose in the two years before the pregnancy
at the time of enrollment or during the pregnancy. Since
antenatal care (ANC) was relatively low, we categorized
ANC as no visits as the highest risk, followed by at least
one visit of ANC, 2-3 and four or more. Birth in a health
post, clinic or hospital was defined as a facility delivery
and delivery at home, at the parents’ house (maiti) or
enroute to the facility or outdoors were defined as non-
facility deliveries.

Reported symptoms during the pregnancy were
grouped by type of symptom and trimester. Any reported
coughing, difficulty breathing, wheezing or shortness
of breath was defined as respiratory illness. Swelling
symptoms were defined as swelling of the hands and
face only. Foot/leg swelling was excluded since it is com-
mon during pregnancy and not indicative of underlying

2 Personal Communication, Eric Ohuma, London School of Hygiene and
Tropical Medicine, September 2021.
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disease. Symptoms of sexually transmitted infection were
reported as painful urination or foul-smelling vaginal dis-
charge. Symptoms of upper gastrointestinal illness were
poor appetite, vomiting and nausea and lower gastroin-
testinal illness were watery stool or presence of blood/
mucus in the stool. Vaginal bleeding included any bleed-
ing or spotting during the pregnancy.

High systolic blood pressure was> 140 and high dias-
tolic pressure was>90 mm of mercury (mmHG) at any
time during the trimester, as measured by the study team.
Maternal weight was measured, and symptom data were
collected at every pregnancy visit. We excluded the first
trimester symptoms and vital signs because more than
half of the women are missing first trimester data (58.6%)
due to a relatively small number of women recruited in
their first trimester. A fifth of women (19.9%) were miss-
ing second trimester data and a tenth were missing third
trimester data. We analyzed the mean weight change
from 2™ to 3" trimester in kilograms (kg). Symptom and
vital data were categorized by presences or absence dur-
ing the second and third trimester.

Analysis

We conducted bivariate and multivariate analysis using
multinomial, multilevel logistic regression, clustered by
women to account for women who contributed more
than one pregnancy to the study. The outcomes were
SGA (<10pc), LGA (>90pc) compared to AGA (10-90pc)
and were multiply imputed using birthweight recali-
brated to time 0, at delivery. Covariates in the adjusted
model were selected and categorized both empirically
and based on knowledge of risk factors for SGA. We
report the odd ratio with 95% confidence intervals to
determine whether covariates are statistically associated
with SGA and may be considered a risk factor. We used
Stata 16.1 for all analysis [24]. We excluded twins/tri-
plets from this analysis since it is well-documented they
are at high risk of SGA and the etiology is different from
singletons.

Results

Descriptive

Of the 32,116 live births, 505 twins/triplets and babies
with missing gestational age, gender and/or covari-
ates needed for the imputation were excluded. There
were 31,424 singleton babies (98% of the live births)
included in the analysis (Fig. 1). Over half of the babies
were born to women with no formal schooling (67%),
15% to women with short stature (<145 c¢cm) and 16%
of the mothers were less than 18 years old. (Tables 1 &
2). About a third of the babies were their mother’s first
pregnancy and among those with a previous pregnancy,
6% experienced a prior stillbirth, 16% had a miscarriage
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Table 1 Socio-economic Characteristics, fixed for mother: total and by size-for-gestational age category
Total infants (%) AGA SGA LGA
(90-10pc) (<10pc) (>90pc)
% (95% CI) % (95% CI) % (95% CI)
n=31424

Mother’s religion/ caste
Brahmin & Chhetri 30 59.9 (56.4,63.4) 35.8(324,39.2) 43(2.7,58)
Vaishya 72.1 51.3(504,52.1) 444 (43.645.3) 43 (4.1,46)
Shudra 155 454 (43.747.1) 50.0 (484,51.6) 46(4.05.2)
Muslim and others 9.3 53.8(51.7,55.9) 38.8(36.7,40.9) 74 (6.484)
Missing 0.1 - - -

Mother’s Education
No schooling 673 49.1 (48.3,49.9) 45.8 (45.0,46.6) 5.1(4854)
1 to Syears 8.6 50.2 (48.0,52.3) 45.6 (43.547.7) 42((345.0)
54 years 24.2 55.9(54.6,57.3) 405 (39.241.7) 36(3.04.2)

Wealth Quintile
Poorest 20.3 459 (44.547.2) 489 (47.6,50.2) 52(4.758)
Poorer 20.0 494 (47.9,50.9) 459 (444,47 4) 47 (4.152)
Middle 199 50.6 (49.3,51.9) 444 (43.1,45.8) 4.9 (4.355)
Richer 19.8 52.1(505,53.7) 43.7 (42.2,45.2) 42(3.748)
Least poor 20.0 56.4 (54.8,58.0) 39.4(38.0,40.9) 42 (3.647)
Missing 0.1 - - -

Mother’s height (centimeters)
<145 14.7 414(39.842.9) 54.8(53.2,56.3) 39(3344)
145-149 30.0 47.3 (46.2,484) 482 (47.1,49.3) 4.5(4.1,5)
>150 55.1 55.3(54.5,56.2) 39.8 (38.9,40.6) 49(4.6,5.3)
Missing 0.2 - - -

AGA Appropriate for gestational age, SGA Small for gestational age, LGA Large for gestational age, pc Percentile, C/ Confidence interval

and 16% had a live born child that was now deceased. A
third of the women had an interpregnancy interval of less
than 18 months and 64% had one to four previous live-
or-stillbirths. Missing covariate data on obstetric history
was low (<2%) (Tables 1& 2).

Half of the babies were born at home, and 28% had four
or more antenatal care visits. Ten percent of the babies
had missing place of delivery and/or antenatal care data.
During pregnancy, 84% of the mothers received at least
one dose of tetanus toxoid vaccine and very few used
alcohol or tobacco (<2%). The most common symptom
reported in either the second or third trimester was poor
appetite/vomiting (39% in the second; 20% in the third)
and the rarest was vaginal bleeding (1.2% in the second
and 1.0% in the third). High diastolic or systolic blood
pressure was rare, less than 3% measured in either the
second or third trimester. On average, women gained
3.5 kg from the second to third trimester (Table 2).

Risk factors for small-for-gestational age

SGA was associated with socio-economic status of the
mother. Women with five or more years of formal school-
ing (OR: 0.75, 95% CI 0.69-0.82) and from wealthier

households has reduced odds of having an SGA baby
(OR: 0.78, 95% CI 0.69-0.88 for the wealthiest house-
holds compared to the poorest). Lower caste was asso-
ciated with SGA as well (Table 3). Maternal height
145-149 c¢cm (cm) (OR: 0.75, 95% CI 0.68-0.83) and
greater than 150 cm (OR: 0.52, 95% CI: 0.47-0.57)was
protective of SGA compared to women of short stature
(<145 cm). Advanced (>35 years) or young (<18 years)
maternal age had no statistically significant association
with SGA.

Becoming pregnant 18 months or less time since the
previous pregnancy was associated with SGA (OR: 1.16,
95% CI 1.07-1.27) as was having no previous pregnancy
(OR: 2.12, 95% CI 1.93-2.34) compared to women with
an IPI of 18-36 months. Having five or more births was
protective (OR: 0.77, 95% CI 0.65-0.92) whereas having
a previous pregnancy that did not result in a birth was
associated with higher risk (OR 1.86, 95% CI 1.26-2.74).
Having a prior live birth that later died was not associ-
ated with SGA.

Several of the pregnancy characteristics were associ-
ated with SGA status. Male babies had slightly lower odds
compared to female babies (OR: 0.91, 95% CI 0.86—0.98).
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Table 2 Demographic, Obstetric, and Behavoiral Characteristics, and symptoms experienced during pregnancy, varying by
pregnancy: total and by size-for-gestational age category

Total infants (%) AGA SGA LGA
(90-10pc¢) (<10pc) (>90pc)
% (95% Cl) % (95% Cl) % (95% Cl)
n=31424

Age at last menstrual period
18-35 822 524(51.7,53.1) 429 (42.2436) 47 (444.9)
Less than 18 15.6 42.3(40.5,44.1) 54.1(523,55.9) 363142
More than 35 22 54.5(50.6,58.3) 34.6 (30.5,38.7) 10.9(84,13.5)

Parity (still- and livebirths)
Parity 1-4 63.7 544 (53.6,55.2) 404 (39.641.2) 2(495.5)
More than 4 43 56.4(53.5,59.2) 344 (31.836.9) 2(7.511)
Prior pregnancy, nulliparous 25 44.4(40.5,48.3) 9(479,558) 7205 4)
No prior pregnancy 29.0 42.7 (41.5,44.0) 54.5 (53.3,55.8) 8243.1)
Missing 0.5 - - -

Any Prior Livebirth Died
Prior livebirth, no death 549 54.7 (53.8,55.6) 40.0 (39.2,40.9) 3(495.6)
Prior livebirth death 1.3 53.9(52.2,55.7) 39.7(3841.5) 6.3(55,7.2)
Prior pregnancy, no livebirth 34 47.4(43.9,50.9) 49.1 (45.4,52.9) 3.5224.7)
No prior pregnancy 29.0 42.7 (41.5,44.0) 545 (53.3,55.8) 8(24,3.1)
Missing 1.5 - - -

Any Prior Stillbirth
Prior pregnancy, no stillbirth 66.8 54.2 (53.3,55.0) 404 (39.6,41.2) 54(5.1,5.8)
Prior stillbirth 43 54.6 (51.5,57.8) 403 (37.3/433) 51(386.3)
No prior pregnancy 290 427 (41.544.0) 545 (53.3,55.8) 28(243.1)
Missing 0 - - -

Any Prior Miscarriage
Prior pregnancy, no miscarriage 59.7 545 (53.6,55.3) 39.9(39.0,40.7) 5.7 (5.3,6.0)
Prior miscarriage 114 52.6 (50.9,54.4) 43.1 (41.4,44.8) 4.2 (3.54.9)
No prior pregnancy 29.0 42.7 (41.5,44.0) 545 (53.3,55.8) 28(243.1)
Missing 0 - - -

Interpregnancy interval (months)
18-36 24.8 56.2 (54.9,57.5) 384(37.2,39.7) 4(4.8,59)
<18 36.0 51.7 (50.7,52.8) 429 (418439 4(5.0,5.8)
>36 10.2 57.9(55.3,60.4) 36.6 (34.1,39.1) 55(4.764)
No prior pregnancy 29.0 427 (41.5,44.0) 545 (53.3,55.8) 8(24,3.1)
Missing 0 - - -

Tobacco use during pregnancy
No 989 50.9(50.3,51.6) 445 (43.945.1) 46 (44/4.38)
Yes 1.1 44.4(38.9,50.0) 45.8 (40.0,51.6) 9.7 (6.5,13)
Missing 0 - - -

Alcohol use during pregnancy
No 99.7 50.9(50.2,51.5) 44.5(43.9,45.1) 4.6(444.9)
Yes 03 54 (43.5,64.6) 36.6 (26.4,46.8) 94 (3.2,15.6)
Missing 0 - - -

At least one dose of tetanus toxoid vaccine taken in previous two years
No 15.8 495 (47.9,51.1) 44.1 (42.545.7) 6.4(5.6,7.2)
Yes 84.2 51.1(504,51.8) 44.6 (43.9,45.3) 43(4.1,4.6)

Missing 0 - - -
Number of antenatal care visits
No visit 174 49,0 (47.5,50.5) 442 (42.7,45.6) 6.8(6.1,7.5)
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Table 2 (continued)
Total infants (%) AGA SGA LGA
(90-10pc¢) (<10pc) (>90pc)
% (95% Cl) % (95% ClI) % (95% Cl)
1 visit 131 50.5(489,52.2) 43.6(42.045.2) 5.9(5.1,6.6)
2-3 visit 30.7 51.4(50.2,52.5) 439 (42.8/45) 48(4352)
4 or more 28.1 53.3(52.0,54.6) 439 (42.6/45.2) 28(2432)
Missing 10.7 - - -
Place of Delivery
Home/maiti 49.8 50.8 (49.9,51.7) 439 (43,44.8) 53(5.05.7)
Health post/clinic/hospital 378 52.1(50.9,53.3) 44.0(42.9,45.2) 39(354.2)
On way to facility/outdoor 1.9 50.8 (46.0,55.6) 43.9(39.6/483) 52(3.2,73)
Missing 106 - - -
Infant gender
Male 51.8 51.8(50.9,52.7) 433 (42544.2) 49(455.2)
Female 482 49.8 (48.9,50.7) 45.7 (44.8/46.7) 44 (41,4.8)
Sexually transmitted infection symptoms, 2" trimester
No 65.3 51.2(50.5,51.9) 43.6 (42.9,44.3) 52(485.5)
Yes 14.4 50.5 (48.8,52.1) 444 (42.546.2) 524559
Missing 20.1 - - -
Sexually transmitted infection symptoms, 3™ trimester
No 81.6 51.8(51.2,52.5) 44.8 (44.1,45.5) 34(3.1,3.6)
Yes 93 503 (48.3,52.3) 47.0 (45.0,49) 27(2.133)
Missing 9.1 - - -
Respiratory illness, 2" trimester
No 56.3 514 (50.6,52.1) 43.6 (42.8,44.3) 514754
Yes 234 504 (49.1,51.7) 44.2 (42.8,45.5) 54 (4.9,6.0)
Missing 20.3 - - -
Respiratory illness, 3" trimester
No 719 522(514,529) 443 (43.6/45.1) 35(3.33.98)
Yes 19.0 499 (485,51.3) 47.7 (46.4,49.0) 24(20,2.8)
Missing 9.1 - - -
Gastrointestinal illness, 2" trimester
No 714 51(50.3,51.7) 43.8(43.1,44.5) 52(495.5)
Yes 84 52(49.854.2) 43.1(41.045.3) 49(4.05.7)
Missing 20.3 - - -
Gastrointestinal illness, 3™ trimester
No 823 51.8(51.0,52.5) 44.9 (44.1,45.6) 33(3.1,3.6)
Yes 8.6 50.7 (48.4,52.9) 46.6 (44.2,48.9) 272134
Missing 9.1 - - -
Poor appetite, vomiting, 2" trimester
No 412 53.1(52.1,54.1) 40.9 (39.942.0) 6.0 (5.56.4)
Yes 386 489 (48.0,49.8) 46.7 (45.8,47.7) 44(4.04.7)
Missing 20.2 - - -
Poor appetite, vomiting, 3" trimester
No 70.7 52.5(51.7,534) 440 (43.244.8) 35(323.8)
Yes 20.2 48.8 (47.5,50.1) 48.7 (47.4,50.0) 25(2.1,3.0)
Missing 9.1 - - -
Vaginal bleeding, 2" trimester
No 78.6 51.0(504,51.7) 43.8 (43.1,44.5) 52(495.5)
Yes 1.2 55.6 (49.6,61.6) 39.9(33.945.9) 45(236.8)

Missing 20.3
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Table 2 (continued)
Total infants (%) AGA SGA LGA
(90-10pc¢) (<10pc) (>90pc)
% (95% Cl) % (95% ClI) % (95% Cl)

Vaginal bleeding, 3" trimester
No 904 51.7(51,52.4) 45.0 (44.3/45.7) 33(3.135)
Yes 1.0 474 (39.3,55.6) 49.8 (41.9,57.8) 2.7(0.0,5.7)
Missing 9.1 - - -

Swelling hand/face, 2"d trimester
No 780 51.1(504,51.7) 439 (43.244.5) 5.1(4854)
Yes 18 52.1(47.9,56.4) 38.0(33.8423) 9.8(7.1,12.5)
Missing 20.2 - - -

swelling hands/face, 3" trimester
No 874 51.5(50.8,52.2) 452 (44.6,45.9) 33(33.5)
Yes 36 56.0(52.9,59.1) 40.0 (36.943) 40(2.85.3)
Missing 9.1 - - -

High diastolic, 2" trimester
No 783 51.1(50.5,51.8) 43.8 (43.1,44.4) 5.1(4.854)
Yes 15 49.1 (44.1,54.1) 41.5(36.2,46.7) 94 (6.7,12.2)
Missing 20.2 - - -

High diastolic, 3" trimester
No 88.1 51.8(51.1,52.5) 449 (443/45.6) 33(3.03.5)
Yes 28 477 (43.3,52.1) 479 (43.5,52.3) 44(295.9)
Missing 9.1 - - -

High systolic 2" trimester
No 793 51.1(504,51.7) 437 (43.1,44.4) 5.2(4.95.5)
Yes 0.5 49.5 (40.9,58.0) 44.1 (35.3,52.9) 6.4 (2.3,10.5)
Missing 20.2 - - -

High systolic 3" trimester
No 90.2 51.7(51.0,52.4) 45 (44.3,45.6) 33(3.13.5)
Yes 0.7 47.3(39.1,55.5) 49.1 (40.8,57.4) 3.6(0.9,64)
Missing 9.1 - - -

Mean weight change in kilograms (kg) 35kg 3.72kg (3.7,3.8) 33kg(3.3,34) 33kg (3.1-3.5)

from 2" to 3™ trimester

AGA Appropriate for gestational age, SGA Small for gestational age, LGA Large for gestational age, pc Percentile, C/ Confidence interval

Every kilogram of weight gain between the second and
third trimester was associated with a lower odds of SGA
(OR: 0.93, 95% CI 0.92-0.95). Reported poor appetite/
vomiting in the 2" trimester was associated with higher
odds of SGA (OR: 1.27, 95% 1.19-1.35) Reporting swell-
ing of the hands and face during the 3" trimester was
negatively associated with SGA (OR: 0.81, 95% CI: 0.69—
0.94). Other symptoms, vital signs and antenatal care
seeking had no association with SGA.

Risk factors for large-for-gestational age

In an inverse pattern to SGA, no previous pregnancy was
protective for LGA (OR: 0.48 95% CI 0.35-0.66) and poor
appetite/vomiting in the 3™ trimester (OR: 0.78, 95% CI:
0.62-0.67) reduced the risk of LGA (Table 3).

Having four or more antenatal care visits protected
against LGA (OR: 0.53 95% CI 0.41-0.68). Weight gain
in the 2" and 3¢ trimesters was protective against LGA
(OR: 0.92, 95% CI 0.87-0.96 for every kilogram gained).
Reported respiratory illness in the 3™ trimester was nega-
tively associated with LGA (OR: 0.78, 95% CI: 0.62—0.97).
Swelling (OR: 2.48, 95% CI: 1.64—3.75) in the 2" trimes-
ter and maternal age less than 18 years (OR: 1.39, 95% CI
1.03-1.87) were associated with LGA. None of the exam-
ined socio-economic factors were associated with LGA.

Discussion

In this secondary analysis of a pregnancy cohort in rural
Nepal, we found several statistically significant factors
associated with the risk of SGA and LGA babies. We
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Table 3 Adjusted odds ratio of small-for-gestational age and large for gestational age by covariate
Small-for gestational age Large-for-gestational age
Odds ratio 95% Cl—LL 95% Cl—UL Odds ratio 95% Cl—LL 95% Cl—UL
Mother’s religion/ caste
Brahmin & Chhetri ref ref ref ref ref ref
Vaishya 137 113 1.66 1.01 0.58 1.77
Shudra 148 1.21 1.81 1.01 0.56 1.82
Muslim and others 1.04 0.84 1.28 1.59 0.86 294
Mother’s Education
No schooling ref ref ref ref ref ref
1-5 years 097 0.86 1.10 1.06 0.79 144
>5 years 0.77 0.71 0.84 0.84 0.65 1.10
Women age at last menstrual period
18-35 ref ref ref ref ref ref
<18 1.06 0.96 1.16 1.37 1.02 1.83
>35 092 0.74 1.16 133 0.81 2.18
Mother’s height (centimeters)
<145 ref ref ref ref ref ref
145-149 0.74 0.67 0.82 1.08 0.81 143
> =150 052 047 0.57 1.24 0.96 1.61
Wealth quintile
Poorest ref ref ref ref ref ref
2 0.88 0.79 0.97 0.97 0.75 1.26
3 0.88 0.79 098 1.15 0.89 149
4 0.82 0.72 0.94 1.06 0.80 1.40
Least poor 0.78 0.70 0.88 1.09 0.82 1.46
Interpregnancy interval (months)
18-36 ref ref ref ref ref ref
<18 1.16 1.06 1.26 1.05 0.86 1.29
>36 0.92 0.81 1.05 0.82 0.63 1.07
No previous pregnancy 2.15 1.95 2.36 048 0.36 0.66
Parity (still- and livebirths)
1-4 ref ref ref ref ref ref
5+ 0.77 0.65 093 141 0.96 2.07
Prior pregnancy, parity O 1.99 134 297 1.04 0.25 4.27
No previous pregnancy NA NA
Any Prior Livebirth Died
No prior livebirth death ref ref ref ref ref ref
Prior livebirth died 0.94 0.85 1.05 1.05 0.82 1.34
Prior pregnancy, no livebirth 0.94 0.63 1.38 048 0.15 1.55
No previous pregnancy NA NA
Number of antenatal care visits
No visits ref ref ref ref ref ref
1 visit 097 0.87 1.09 094 0.71 1.25
2-3 visit 0.92 0.83 1.01 0.84 0.67 1.05
4 or more 0.96 0.85 1.08 0.53 041 0.67
Infant gender
Male 0.92 0.86 0.98 1.04 0.87 1.24
Respiratory illness (ref =no)
2nd trimester 0.94 0.87 1.01 1.27 1.06 1.51
3rd trimester 1.04 0.94 1.14 067 0.54 0.84




Hazel et al. BMC Pregnancy and Childbirth (2022) 22:652 Page 10 of 13
Table 3 (continued)
Small-for gestational age Large-for-gestational age
Odds ratio 95% Cl—LL 95% Cl—UL Odds ratio 95% Cl—LL 95% Cl—UL

Poor appetite, vomiting (ref=no)

2nd trimester 1.24 1.16 132 0.84 0.69 1.00

3rd trimester 1.05 0.96 1.14 0.78 0.63 0.98
Vaginal bleeding (ref =no)

2nd trimester 0.89 0.66 1.20 0.50 0.21 1.22

3rd trimester 1.30 0.88 191 0.68 0.09 4.86
Swelling hands/face (ref=no)

2nd trimester 0.89 0.71 1.12 248 1.64 3.75

3rd trimester 0.83 0.71 0.97 1.11 0.75 1.66
High Systolic (ref =no)

2nd trimester 1.11 0.72 1.70 0.38 0.08 1.79

3rd trimester 0.92 0.60 141 0.85 0.30 242
High Diastolic (ref=no)

2nd trimester 0.89 0.66 1.19 1.64 0.93 2.87

3rd trimester 1.21 0.96 1.53 1.46 0.90 2.36
Mean weight change in kilograms  0.93 092 0.95 092 0.88 0.96

from 2" to 3™ trimester

Cl Confidence interval, LL Lower limit, UL Upper limit, ref Reference category, NA Not applicable

organized our findings using hypothesized causal mod-
els for SGA and LGA that groups the risk/protective fac-
tors by demographic/SES, obstetric and medical history,
health status and health seeking behaviors, and index
pregnancy characteristics.

Demographic and socioeconomic status

We found caste associated with increased risk of SGA.
Caste is a social construct, not a biological one, and this
indicates presence of systemic factors such as discrimi-
nation impacting the heath of mothers and newborns,
even after adjusting for SES and ANC visits. SGA was
statistically significantly associated with several meas-
ures of poor socio-economic status such as fewer mater-
nal years of school, poorer household wealth and caste,
after adjusting for other biological and obstetric risk fac-
tors, a finding documented in both low-and high-income
settings [25-28]. We found maternal stature greater than
145 cm to be protective of SGA, a finding also docu-
mented in LMICs [29]. Women with shorter stature have
smaller pelvic size, which may restrict uterine growth.
Also, shorter stature may be due to chronic malnutrition
and is associated with poorer SES.

We did not find an association of SES or demographic
characteristics with LGA. Poorer SES was found to be a
risk factor for both SGA and LGA among poorer popula-
tions Brazil [30]. However, this could be due to differing
stages in nutritional transition between Brazil and Nepal.
The authors of the Brazil study noted obesity — a risk

factor for LGA — was increasingly associated with pov-
erty in these population, and this is not the case in rural
Nepal [31].

Obstetric and medical history

Interpregnancy intervals less than 18 months is a risk fac-
tor for SGA likely due to maternal depletion syndrome
[32, 33]. No previous pregnancies and previous preg-
nancy with no live or stillbirth (miscarriage or abortion)
are risk factors for SGA in this population. Nulliparity
is a well-documented risk factor for SGA and this study
shows women with gravidity still have higher risk of SGA
if nulliparous [34]. We found grand multiparity (five or
more births) not be a risk factor for SGA, similar to what
was found in a meta-analysis of 41 studies — in fact it was
found to be protective in this analysis [34]. We found no
association with death of a prior livebirths and SGA. Nul-
liparity was found to be negatively associated with LGA
(inverse finding of SGA).

Index pregnancy characteristics & care seeking

Nausea and vomiting in the second trimester was a risk
factor for SGA, also previously found in this population
[35]. Poor appetite/vomiting was found to be “protective”
for LGA. It is well documented that male gender fetuses
and newborns are larger and heavier compared to female
gender babies, a finding corroborated in our study as well
[36]. We found no association with SGA between mater-
nal age, hypertension, or symptoms of vaginal bleeding,
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respiratory infection and swelling reported during the
pregnancy.

We did not find an association between antenatal care
and SGA although it has been found to be protective in
other settings [37]. We did find attending four or more
visits of antenatal care to be protective for LGA. It is
possible early detection and intervention of pregnancy-
related hyperglycemia may be the under-laying cause.
In 2014, over 90% of the pregnancy-related hyperglyce-
mia occurred in low-income countries, and a quarter of
all global cases are concentrated in South Asia [38]. A
more recent study in Sri Lanka showed early detection
of hyperglycemia in the first trimester, using the WHO
diagnostic criteria, was associated with higher risk of
LGA [39].

Our study found weight gain to be protective for both
SGA and LGA. It is well established in the literature that
gestational weight gain is associated with increased risk
of LGA and protective for SGA [40, 41]. We estimated
gestational weight gain by calculating the difference in
average weights between the second and third trimesters.
Women had an average of four visits during the second
trimester and two visits during the third trimester. The
timing of the visits during the trimester varied as well.
It is possible that average weight by trimester was not
stable and the variation in time between measurements
may have reduced the precision and validity of this vari-
able. We ran the model without the weight gain covari-
ate and found similar results (Additional file 1. Appendix
Table 1). Because the findings are in line with what is
known about weight gain and SGA, we decided to leave
this covariate in the model, but the association with LGA
should be interpreted with caution.

Another unexplained finding was the association
between respiratory infection and LGA. We decomposed
the symptoms grouping and found it was third trimester
cough that was “protective” of LGA and difficulty breath-
ing in the second trimester was associated with increased
LGA (data not shown). We did not find any evidence in
the literature about respiratory infection symptoms and
LGA. The association may be due to unmeasured con-
founding or the non-specific definition of respiratory
infection (any reported coughing, difficulty breathing,
wheezing or shortness of breath).

Another analysis on this same cohort found no addi-
tional neonatal mortality risk with LGA babies compared
to appropriate-for-gestational age (adjusted hazard ratio:
0.76, 95% ClIs: 0.56—1.03).> We also found LGA to be
less than 10 percent of the population and by definition,

3 Personal communication, Tingting Yan, Johns Hopkins Bloomberg School of
Public Health, April 2022.
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approximately a tenth of the babies are naturally large
in a healthy population. Perhaps due to the low levels of
maternal obesity or other factors, LGA status in this pop-
ulation does not indicate poor newborn/fetal health. This
may also be why the associated risk/protective factors we
found with LGA are not generalizable to other popula-
tions described in the literature.

Limitations

There are important limitations in this study. This is a
secondary data analysis; therefore, the original clinical
trial was not developed to address this analysis. However,
we have sufficient sample size to measure associations
with both SGA and LGA with low levels of uncertainity.
Gestational age was measured through LMP, not by the
gold standard ultrasound in the first trimester, but LMP
is considered adequate for determining gestational age in
areas where ultrasound is not readily available [42, 43].
In the NOMS study, LMP dates were obtained early in
pregnancy in most cases, reducing the likelihood of recall
issues. Birthweight measures were not taken on very early
neonatal deaths, more likely to be SGA. We addressed
this by performing imputation of the birthweights, recali-
brated to time at delivery, including all babies missing
birthweight due to early neonatal death. The 95% confi-
dence intervals take into account the uncertainity of per-
forming the recalibration and imputation, so we consider
this an appropriate analytical approach to address miss-
ing birthweights and birthweights measured post-deliv-
ery [19].

There may be measurement error for some of the
covariates. For instance, symptoms are self-reported, ret-
rospectively by the mother and there may be recall bias.
We were also unable to include some important, docu-
mented risk factors for SGA and LGA such as pre-con-
ception body mass index (BMI) and indoor air pollution
[5, 44]. The lack of maternal weights early in pregnancy
did not permit a complete calculation of weight gain or
an analysis of how pre- or early-pregnancy BMI inter-
acted with weight gain in regard to SGA or LGA. Antena-
tal care has been found protective of SGA and we found
no association. It could be the quality of services is poor
in this area so no impact on SGA was found.

Conclusion

This is one of few population-based studies that evalu-
ate risk factors of small- and large-for-gestational age
in a low-income setting. We found high-risk pregnan-
cies (nulligravida, gravida/nulliparous and short inter-
pregnancy interval), nausea/vomiting symptoms in the
second trimester, gestational weight gain, SES, fetal
sex, and grand multiparity associated with SGA. Other
associations of SGA/LGA with reported symptoms
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during pregnancy were difficult to interpret given the
lack of biological plausibility and are likely due to meas-
urement error. Four or more visits was protective of
LGA and adolescent women had higher risk of LGA
babies. Although LGA prevalence is low in this popula-
tion, it may become a public health concern if maternal
obesity increases.

Improving equitable access to high quality antenatal
care throughout pregnancy will reduce prevalence of
SGA babies. Women with high-risk pregnancies can be
identified earlier for increased observation. Continuous
monitoring of gestational weight gain and nausea/poor
appetite symptoms throughout the pregnancy allows
for earlier intervention. Nepal provides free maternal
health services and has implemented a cash incentive
program to encourage pregnant women to attend four
or more visits of ANC since 2009 and similar programs
can reduce socioeconomic inequities [45].

Abbreviations

AGA: Appropriate for gestational age; ANC: Antenatal care; BMI: Body mass
index; Cl: Confidence intervals; cm: Centimeters; IPI: Interpregnancy interval;
IRB: Institutional review board; kg: Kilograms; LGA: Large for gestational

age; LMICs: Low-and middle-income countries; LMP: Last menstrual period;
mmHG: Millimeters of mercury; NOMS: Nepal oil massage study; OR: Odds
ratio; pc: Percentile; SES: Socio-economic status; SGA: Small for gestational age.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-022-04974-8.

[ Additional file 1. Appendix Table 1. }

Acknowledgements

We would like to acknowledge Dr. Andreea Creanga and Dr. Leah Horton at
Johns Hopkins Bloomberg School of Public Health for their technical contribu-
tions, and the study staff and participants at the Nepal Nutritional Intervention
Project-Sarlahi site.

Authors’ contributions

Prof. Katz conceptualized and designed the study, designed the data collection
protocols, developed the analytic plan and statistical models, and reviewed
and revised the manuscript. Prof. Mullany conceptualized and designed the
study, designed the data collection protocols, revised data collection tools

and supervised data collection, developed the analytic plan and statistical
models, and reviewed and revised the manuscript. Prof. Tielsch conceptualized
and designed the study, designed the data collection protocols, revised data
collection tools and supervised data collection, and reviewed and revised the
manuscript. Dr. Khatry reviewed and revised data collection tools and super-
vised data collection and reviewed and revised the manuscript. Prof. Zeger
developed the analytic plan and statistical models and reviewed and revised
the manuscript. Dr. Mohan, Ms. Subedi and Prof. Black contributed significantly
to the analysis and interpretation, and critically reviewed and revised the man-
uscript for important intellectual content. Mr. LeClerq reviewed and revised
data collection tools and supervised data collection and reviewed and revised
the manuscript. Dr. Hazel developed the analytic plan and statistical models,
carried out the analysis and drafted the initial manuscript. All authors reviewed
and approved the final manuscript as submitted and agree to be accountable
for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

Page 12 of 13

Funding

This work was supported by the National Institute for Child Health and Human
Development (ROTHD092411 and ROTHD060712), the Bill & Melinda Gates Foun-
dation (OPP1084399), National Institutes of health (810-2054), and Cooperative
Agreements HRN-A-00-97-00015-00 and GHS-A-00-03-000019-00 between
Johns Hopkins University and the Office of Health and Nutrition, US Agency for
International Development. Under the grant conditions of the Foundation, a
Creative Commons Attribution 4.0 Generic License has already been assigned to
the Author Accepted Manuscript version that might arise from this submission.
The funder had no role in the study design, collection or analysis of data, writing
of the report or the decision to submit the article for publication.

Availability of data and materials
The datasets analyzed during the current study available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This analysis of secondary data was considered exempt by the Johns
Hopkins Bloomberg School of Public Health institutional review board

(IRB) (FWA00000287). The experimental protocols for the NOMS study were
approved by the Johns Hopkins Bloomberg School of Public Health and
Tribhuvan University Institute of Medicine in Nepal. All methods were carried
out in accordance with relevant guidelines and regulation. Informed consent
was obtained from all subjects in the NOMS study.

Consent for publication
No individual information including data, images and video are included in
this manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of International Health, Johns Hopkins Bloomberg School

of Public Health, 615 N. Wolfe St. Room W5504, Baltimore, MD 21205, USA.
2George Washington University Milken Institute School of Public Health, Wash-
ington, DC, USA. *Nepal Nutrition Intervention Project-Sarlahi, Sarlahi, Nepal.

Received: 27 April 2022 Accepted: 9 August 2022
Published online: 19 August 2022

References

1. Lee AC, Kozuki N, Cousens S, Stevens GA, Blencowe H, Silveira MF, et al.
Estimates of burden and consequences of infants born small for gesta-
tional age in low and middle income countries with INTERGROWTH-21st
standard: analysis of CHERG datasets. BMJ. 2017;17(358);j3677.

2. Blake RA, Park S, Baltazar P, Ayaso EB, Monterde DBS, Acosta LP, et al. LBW
and SGA Impact Longitudinal Growth and Nutritional Status of Filipino
Infants. PLoS One. 2016;11(7). Available from: https://www.ncbi.nim.nih.
gov/pmc/articles/PMC4956033/. [Cited 2021 Jan 25].

3. KatzJ, Lee AC, Kozuki N, Lawn JE, Cousens S, Blencowe H, et al. Mortality
risk in preterm and small-for-gestational-age infants in low-income
and middle-income countries: a pooled country analysis. Lancet.
2013;382(9890):417-25.

4. OtaE, Ganchimeg T, Morisaki N, Vogel JP, Pileggi C, Ortiz-Panozo E, et al.
Risk factors and adverse perinatal outcomes among term and preterm
infants born small-for-gestational-age: secondary analyses of the WHO
multi-country survey on maternal and newborn health. PLoS One.
2014;9(8):2105155.

5. Paudel PG, Sunny AK, Gurung R, Gurung A, Malla H, Budhathoki SS, et al. Preva-
lence, risk factors and consequences of newborns born small for gestational
age: a multisite study in Nepal. BMJ Paediatrics Open. 2020;4(1):e000607.

6. Alemu A, Abageda M, Assefa B, Melaku G. Low birth weight: prevalence and
associated factors among newborns at hospitals in Kambata-Tembaro zone,
southern Ethiopia 2018. Pan Afr Med J. 2019;34:68.


https://doi.org/10.1186/s12884-022-04974-8
https://doi.org/10.1186/s12884-022-04974-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4956033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4956033/

Hazel et al. BMC Pregnancy and Childbirth

20.

21.

22.

23.

24,

25.

26.

27.

(2022) 22:652

Berhane M, Workineh N, Girma T, Lim R, Lee KJ, Nguyen CD, et al. Prevalence
of low birth weight and prematurity and associated factors in Neonates in
Ethiopia: results from a hospital-based observational study. Ethiop J Health
Sci. 2019;29(6):677-88.

Mahumud RA, Sultana M, Sarker AR. Distribution and determinants of low birth
weight in developing countries. J Prev Med Public Health. 2017;50(1):18-28.
Khan N, Mozumdar A, Kaur S. Determinants of low birth weight in India:

an investigation from the national family health survey. Am J Hum Biol.
2020;32(3):23355.

Biks GA, Blencowe H, Hardy VP, Geremew BM, Angaw DA, Wagnew A, et al.
Birthweight data completeness and quality in population-based surveys:
EN-INDEPTH study. Popul Health Metrics. 2021;19(1):17.

. Pusdekar YV, Patel AB, Kurhe KG, Bhargav SR, Thorsten V, Garces A, et al.

Rates and risk factors for preterm birth and low birthweight in the global
network sites in six low- and low middle-income countries. Reprod Health.
2020;17(3):187.

Horta BL, Victora CG, Menezes AM, Halpern R, Barros FC. Low birthweight,
preterm births and intrauterine growth retardation in relation to maternal
smoking. Paediatr Perinat Epidemiol. 1997;11(2):140-51.

CARE Study Group. Maternal caffeine intake during pregnancy and risk

of fetal growth restriction: a large prospective observational study. BMJ.
2008;3(337):a2332.

Gesase N, Miranda-Rius J, Brunet-Llobet L, Lahor-Soler E, Mahande MJ,
Masenga G. The association between periodontal disease and adverse
pregnancy outcomes in Northern Tanzania: a cross-sectional study. Afr
Health Sci. 2018;18(3):601-11.

Sabi Gurung, Hannah Hanzi Tong, Emily Bryce, Joanne Katz, Anne CC Lee,
Robert E Black, et al. A systematic review on estimating population attribut-
able fraction for risk factors for small-for-gestational-age births in 81 low-
and middle-income countries. J Global Health. 2022;12(04024).

Chauhan SP, Rice MM, Grobman WA, Bailit J, Reddy UM, Wapner RJ, et al.
Neonatal morbidity of small- and large-for-gestational-age neonates born
at term in uncomplicated pregnancies. Obstet Gynecol. 2017;130(3):511-9.
Mendez-Figueroa H, Truong VTT, Pedroza C, Chauhan SP. Large for gesta-
tional age infants and adverse outcomes among uncomplicated pregnan-
cies at term. Am J Perinatol. 2017;34(7):655-62.

DiTomasso D, Cloud M. Systematic review of expected weight changes after
birth for full-term, breastfed newborns. J Obstet Gynecol Neonatal Nurs.
2019,48(6):593-603.

Elizabeth A Hazel, Luke C Mullany, Scott L Zeger, Diwakar Mohan, Seema
Subedi, James M Tielsch, et al. Development of an imputation model to
recalibrate birthweights measured in the early neonatal period to time at
delivery and assessment of its impact on size-for-gestational age and low
birthweight estimates: a secondary analysis of a pregnancy cohort in rural
Nepal. BMJ One. 2022;(In production).

Summers A, Visscher MO, Khatry SK, Sherchand JB, LeClerq SC, Katz J,

et al. Impact of sunflower seed oil versus mustard seed oil on skin barrier
function in newborns: a community-based, cluster-randomized trial. BMC
Pediatr. 2019;19(1):512.

Papageorghiou AT, Kennedy SH, Salomon LJ, Altman DG, Ohuma EO,
Stones W, et al. The INTERGROWTH-21st fetal growth standards: toward the
global integration of pregnancy and pediatric care. Am J Obstet Gynecol.
2018;218(25):5630-40.

Rutstein, Shea O, Kiersten Johnson. The DHS Wealth Index. DHS Compara-
tive Reports No. 6. Calverton, Maryland: ORC Macro; 2004. Available from:
https://dhsprogram.com/pubs/pdf/cré/cr6.pdf

Dahal D. CHAPTER 3 SOCIAL COMPOSITION OF THE POPULATION: CASTE/
ETHNICITY AND RELIGION IN NEPAL. Population Monograph of Nepal 2003.
2003 Jan 1;1.

StataCorp. Stata Statistical Software: Release 16. College Station, TX: Stata-
Corp LLG; 2019.

Parker JD, Schoendorf KC, Kiely JL. Associations between measures of
socioeconomic status and low birth weight, small for gestational age, and
premature delivery in the United States. Ann Epidemiol. 1994;4(4):271-8.
Luo X, Liu L, Gu H,Hou F, Xie X, Li X, et al. Pathways linking socioeconomic
status to small-for-gestational-age (SGA) infants among primiparae: a birth
cohort study in China. BMJ Open. 2018;8(6):2020694.

Wilding S, Ziauddeen N, Roderick P, Smith D, Chase D, Macklon N, et al. Are
socioeconomic inequalities in the incidence of small-for-gestational-age
birth narrowing? findings from a population-based cohort in the South of
England. BMJ Open. 2019,9(7):e026998.

28.

29.

30.

3.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 13 of 13

Rai RK, Sudfeld CR, Barik A, Fawzi WW, Chowdhury A. Sociodemographic
determinants of preterm birth and small for gestational age in Rural West
Bengal. India J Trop Pediatr. 2019,65(6):537-46.

Short Maternal Stature Increases Risk of Small-for-Gestational-Age and
Preterm Births in Low- and Middle-Income Countries: Individual Partici-
pant Data Meta-Analysis and Population Attributable Fraction. J Nutr.
2015;145(11):2542-50.

Falcao IR, Ribeiro-Silva RDC, de Aimeida MF, Fiaccone RL, Silva NJ, Paixao

ES, et al. Factors associated with small- and large-for-gestational-age in
socioeconomically vulnerable individuals in the 100 million Brazilian cohort.
Am J Clin Nutr. 2021;114(1):109-16.

Ministry of Health, Nepal, New ERA, ICF. Nepal Demographic and Health
Survey 2016. Kathmandu, Nepal: Ministry of Health, Nepal; 2017.

Kozuki N, Lee AC, Silveira MF, Victora CG, Adair L, Humphrey J, et al. The
associations of birth intervals with small-for-gestational-age, preterm,

and neonatal and infant mortality: a meta-analysis. BMC Public Health.
2013;13(3):1-9.

King JC. The risk of maternal nutritional depletion and poor out-

comes increases in early or closely spaced pregnancies. J Nutr.
2003;133(5):17325-1736S.

Shah PS, Births on behalf of KSG on D of L S. Parity and low birth weight and
preterm birth: a systematic review and meta-analyses. Acta Obstet Gynecol
Scand. 2010;89(7):862-75.

RegoddnWallin A, Tielsch JM, Khatry SK, Mullany LC, Englund JA, Chu H, et al.
Nausea, vomiting and poor appetite during pregnancy and adverse birth
outcomes in rural Nepal: an observational cohort study. BMC Pregnancy
Childbirth. 2020;20(1):545.

Alur P Sex Differences in Nutrition, Growth, and Metabolism in Preterm
Infants. Frontiers in Pediatrics. 2019;7. Available from: https:.//www.frontier-
sin.org/article/https://doi.org/10.3389/fped.2019.00022. [Cited 2022 Mar
15].

SiL, BH, O Eo, CB M. Maternal risk factors for small-for-gestational-age new-
borns in Mexico: analysis of a nationwide representative cohort. Front Public
Health. 2021,9:707078.

Guariguata L, Linnenkamp U, Beagley J, Whiting DR, Cho NH. Global esti-
mates of the prevalence of hyperglycaemia in pregnancy. Diabetes Res Clin
Pract. 2014;103(2):176-85.

Jayasinghe IU, Koralegedara IS, Agampodi SB. Early pregnancy hypergly-
caemia as a significant predictor of large for gestational age neonates. Acta
Diabetol. 2022. Available from: https://doi.org/10.1007/500592-021-01828-1.
[Cited 2022 Feb 23].

El Rafei R, Abbas HA, Charafeddine L, Nakad P, Al Bizri A, Hamod D, et al.
Association of pre-pregnancy body mass index and gestational weight gain
with preterm births and fetal size: an observational study from Lebanon.
Paediatr Perinat Epidemiol. 2016;30(1):38-45.

Bauserman MS, Bann CM, Hambidge KM, Garces AL, Figueroa L, Westcott JL,
et al. Gestational weight gain in 4 low- and middle-income countries and
associations with birth outcomes: a secondary analysis of the women first
trial. Am J Clin Nutr. 2021;114(2):804-12.

Deputy NP, Nguyen PH, Pham H, Nguyen S, Neufeld L, Martorell R, et al.
Validity of gestational age estimates by last menstrual period and neonatal
examination compared to ultrasound in Vietnam. BMC Pregnancy Child-
birth. 2017;17(1):25.

Macaulay S, Buchmann EJ, Dunger DB, Norris SA. Reliability and validity of
last menstrual period for gestational age estimation in a low-to-middle-
income setting. J Obstet Gynaecol Res. 2019;45(1):217-25.

Chaudhary N, Yadav SN, Kalra SK, Pathak S, Gupta BK, Shrestha S, et al.
Prognostic factors associated with small for gestational age babies in a
tertiary care hospital of Western Nepal: a cross-sectional study. Health Sci
Rep. 2021;4(1):e250.

Bhatt H, Tiwari S, Ensor T, Ghimire DR, Gavidia T. Contribution of Nepal's free
delivery care policies in improving utilisation of maternal health services. Int
J Health Policy Manag. 2018;7(7):645-55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://dhsprogram.com/pubs/pdf/cr6/cr6.pdf
https://doi.org/10.3389/fped.2019.00022
https://doi.org/10.1007/s00592-021-01828-1

	Demographic, socio-economic, obstetric, and behavioral factors associated with small-and large-for-gestational-age from a prospective, population-based pregnancy cohort in rural Nepal: a secondary data analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial Registration: 

	Background
	Methods
	Data collection
	Outcome variable definition and imputation
	Covariate definitions
	Analysis

	Results
	Descriptive
	Risk factors for small-for-gestational age
	Risk factors for large-for-gestational age

	Discussion
	Demographic and socioeconomic status
	Obstetric and medical history
	Index pregnancy characteristics & care seeking
	Limitations

	Conclusion
	Acknowledgements
	References


