
ORIGINAL RESEARCH
published: 25 May 2021

doi: 10.3389/fped.2021.680869

Frontiers in Pediatrics | www.frontiersin.org 1 May 2021 | Volume 9 | Article 680869

Edited by:

Lynette Kay Rogers,

The Research Institute at Nationwide

Children’s Hospital, United States

Reviewed by:

Ishmael Miguel Inocencio,

Hudson Institute of Medical

Research, Australia

Pei Yuen Ng,

National University of

Malaysia, Malaysia

*Correspondence:

Tunjung Wibowo

tunjungwibowo@ugm.ac.id

Specialty section:

This article was submitted to

Neonatology,

a section of the journal

Frontiers in Pediatrics

Received: 15 March 2021

Accepted: 04 May 2021

Published: 25 May 2021

Citation:

Wibowo T, Nurani N, Hastuti J,

Anggraini A, Susilowati R, Hakimi M,

Julia M and Van Weissenbruch M

(2021) Maternal and Neonatal Factors

Affecting Bone Mineral Content of

Indonesian Term Newborns.

Front. Pediatr. 9:680869.

doi: 10.3389/fped.2021.680869

Maternal and Neonatal Factors
Affecting Bone Mineral Content of
Indonesian Term Newborns
Tunjung Wibowo 1*, Neti Nurani 1, Janatin Hastuti 2, Alifah Anggraini 1, Rina Susilowati 3,

Mohammad Hakimi 4, Madarina Julia 1 and Mirjam Van Weissenbruch 5

1Department of Child Health, Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada/Dr. Sardjito General

Hospital, Yogyakarta, Indonesia, 2Department of Health Nutrition, Faculty of Medicine, Public Health and Nursing, Universitas

Gadjah Mada, Yogyakarta, Indonesia, 3Department of Histology and Molecular Biology, Faculty of Medicine, Public Health

and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia, 4Department of Obstetrics and Gynaecology, Faculty of

Medicine, Public Health and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia, 5Department of Neonatology,

Amsterdam University Medical Center Location VU University Medical Center, Emma Children’s Hospital, VU University

Amsterdam, Amsterdam, Netherlands

Background: Interactions between the genome and intrauterine environment can affect

bone mineralization in newborns and even in adult life. Several studies show that

intrauterine fetal bone mineralization or early postnatal bone condition influences the risk

of osteoporosis in later life.

Objectives: To determine whole body bone mineral content (WB BMC) and factors that

influence neonatal WB BMC in Indonesian term newborns.

Subjects/Methods: A cross-sectional study was conducted in Dr. Sardjito General

Hospital, Yogyakarta, Indonesia. A total of 45 term, appropriate for gestational age

(AGA) newborns were included in this study. BMC was assessed by dual-energy

x-ray absorptiometry (DXA) in the first week of life. Weight (g), length (cm) and head

circumference (cm) were measured at birth. Data on maternal characteristics were

obtained from the maternal health records or reported by the mothers.

Results: WB BMCmeasured in the present study (mean± SD: 33.2± 9.3 g) was lower

than WB BMC of similar populations in developed countries. Multiple linear regression

showed that birth weight, birth length, and gestational age had a positive association

with WB BMC (p = 0.048, 0.017, and <0.001, respectively), while maternal cigarette

exposure had a negative association with WB BMC (p = 0.012). Male infants had

significantly higher of WB BMC than female (p = 0.025). These determinants contribute

to 55% variability of WB BMC.

Conclusions: WB BMC in Indonesian term newborns is lower than populations in

developed countries. Birth weight, length, gestational age, sex, and maternal cigarette

exposure during pregnancy are significantly associated with WB BMC observed in

Indonesian newborns.
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INTRODUCTION

Osteoporosis has a significant impact on a person’s quality of life
as well as being a massive economic burden for the country. In
1990, the worldwide annual direct and indirect burden of hip
fracture was estimated at US $ 34.8 billion, rising to $ 131.5
billion by 2050 (at a rate of $ 21,000 per patient) (1). There
is growing evidence of an interaction between the genome and
the environment in the expression of several chronic diseases
including osteoporosis (2). Data showed that intrauterine fetal
bone mineralization or bone condition at birth will influence the
risk of osteoporosis later in life (3).

Minton et al. (4) observed an association between gestational
age and birth weight with the newborns’WB BMC in a Caucasian
population in the United States (4). A study in Korea showed the
influence of season of birth, cord serum 25-hydroxyvitamin D,
maternal diabetes, alcohol consumption and maternal smoking
during pregnancy on fetal bone mineralization (5).

A systematic review of the AGA-term infant population with
predominantly Caucasian ethnicity found that the WB BMC
value measured by Hologic DXA was 66.2 g (95% CI 65.4–67.05),
while with Lunar DXA it was 78.9 g (95% CI 78.4–79.4) (2). It
has been widely known that bone mass is influenced by race
and ethnicity (6, 7). A study in a multiethnic population of
prepubertal children using DXA showed ethnic differences in
total body WB BMC (7). Research in seven Asian countries that
aimed to assess bone health using heel ultrasound in adults aged
46–85 years indicated that Indonesian men and women had the
poorest bone health (8). In addition, it was obvious that most
pregnant women in Indonesia were Vitamin D deficient even
though they live in a tropical country where sun exposure was
abundant (9, 10).

With respect of cigarette smoking, Indonesia has one of the
highest prevalence of active smokers in the world, with 55.8
% of men aged 10 years and over, compared to just 1.9 % of
women of the same age (11). In view of these information, we
aimed to assess the Indonesian term newborns’ WB BMC and its
associated factors.

METHODS

Study Population
We enrolled 45 term infants hospitalized in the newborn nursery
of Dr. Sardjito General Hospital fromMarch 2018 toMarch 2019.
Inclusion criteria were gestational age ≥ 37 weeks, appropriate
for gestational age (AGA), and medically stable. Infants with
major congenital abnormalities, bone disorders, gastrointestinal,
or renal diseases were excluded.

Maternal Characteristics
Pre-coded questionnaires were used to collect data on maternal
characteristics consisting of maternal age (y), parity, education
level, and cigarette exposure during pregnancy. Information on
pre-pregnancy weight and maternal height were taken from
the maternal health records or reported by the mothers. Pre-
pregnancy maternal body mass index (BMI) was calculated
as pre-pregnancy weight (kg) divided by height (m) squared.

The Institute of Medicine (IOM) classification system was used
to categorize BMI (kg/m2): underweight, <18.5; normal, 18.5
to <24.99; overweight, 25 to <29.99; and obese, ≥30 (12).
Maternal hemoglobin level (mmol/l) before delivery was taken
from medical records. Hemoglobin levels were measured using
Sysmex XN-1000 (Sysmex, Kobe, Japan) with flow cytometry
method (13). Anemia in pregnancy was defined as hemoglobin
level < 6.83 mmol/l (= 11 g/dl) (14).

Newborn Characteristics
Newborn characteristics consisted of gestational age, gender,
and the anthropometric measurements, that is, weight, length
and head circumference, were obtained within 24 h after
delivery. Gestational age was defined using the first trimester
ultrasonogram or Dubowitz score, when the ultrasonogram
information was not available.Weight in grams (g) was measured
using calibrated electronic digital scale (Seca 727, Hamburg,
Germany) to the nearest 0.1 g. Length was measured using a
standard length-measuring board (Seca GmbH & Co. Hamburg,
Germany) by two trained nutritionists to the nearest 0.1
centimeter (cm). Head circumference was measured with a
non-stretch measuring tape to the nearest 0.1 cm. Infants were
classified as AGA if their birth weight were ≥ 10th and < 90th
percentile for gestational age, using PediTools Fenton 2013 (15).

WB BMC, WB BMC except head, trunk BMC and legs
BMC were measured using dual-energy X-ray absorptiometry
(DXA; Prodigy: GE-Lunar Corp., Madison, WI, USA) as describe
elsewhere (16). Assessment of BMC in newborns using DXA is
an accurate method with less radiation exposure and fast scan
time (2, 17). Calibration was performed using a calibration block
supplied by the manufacturer consisting of tissue-equivalent
material with three bone-simulating chambers. For quality
control, the baby’s body weight measured by the DXA were re-
checked using a digital scale (SECA 727). The difference of body
weight measurement by DXA and digital scale in this present
study was 3.5%.

The BMC was assessed within the first week of life. The
mother was asked to breastfeed the baby before being transported
to the scanning room to help keep the baby calm and
minimize movements during scanning. Babies were placed in
a portable carriage and brought to the scanning room. Most
newborns became drowsy after swaddling, which facilitated their
standardized positioning, thus minimizing movement artifacts in
the scanning. During scanning, infants were in supine position
on the scan table. The scan began at the top of the head and
moved in a rectilinear pattern down the body to the feet. The scan
was stopped and repeated if there was a significant movement.
BMC was measured in grams (g).

Statistical Analysis
Statistical software SPSS for Windows, version 18.0 (IBM Corp.,
Chicago, IL, USA) was used to perform data analyses. Data were
expressed as means ± standard deviation (SD) or ratio. The
associations between WB BMC at birth and the determinants
(sex, gestational age, birth weight, birth length, maternal anemia,
maternal smoking exposure, and pre-pregnancy BMI) were
analyzed using linear regression. The mean differences between
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TABLE 1 | Baseline characteristics of the study subjects (N = 45).

Characteristics Mean ± SD or N (%)

Maternal

Age (years) 32.1 ± 6.1

Paritya

Primipara 18 (40.0%)

Multipara 27 (60.0%)

Height (m) 1.56 ± 0.05

Pre-gestational BMI (kg/m2) 23.8±4.1

Pre-gestational Nutritional Status (N)

Underweight (BMI < 18.5) 3 (6.7%)

Normal (18.5 < BMI < 24.99) 27 (60.0%)

Overweight (25 < BMI < 29.99) 11 (24.4%)

Obese (BMI ≥ 30) 4 (8.9%)

Anemia (N)

Yes (hemoglobin <6.83 mmol/l) 20 (44.4%)

No (hemoglobin ≥ 6.83 mmol/l) 25 (55.6%)

Education (N)

University 24 (53.3%)

High school and lower 21 (46.7%)

Cigarette exposure

Yes 8 (17.8%)

No 37 (82.2%)

Neonatal

Gender (N)

Male 23 (51.1%)

Female 22 (48.9%)

Birth weight (g) 3134.1 ± 281.1

Birth length (cm) 49.4 ± 1.8

Head circumference (cm) 34.1 ± 1.4

Gestational age (weeks) 38.7 ± 1.0

Age of DXA measurement (days) 3.6 ± 2.7

aParity: the number of times that the mother has given birth; primipara: mother has given

birth once; multipara: mother given birth more than once.

BMI, body mass index.

subgroups were identified using ANOVA and post hoc Tukey’s
test. Independent t-test was also used to detect mean difference
between two groups. Significance was set at p < 0.05. Because
there are no data of newborn BMC available in Indonesia, we
decided not to calculate sample size. We start with observational
study to evaluate BMC in Indonesian newborns.

The study was approved by the Medical and Health Research
Ethics Committee of the Faculty of Medicine, Public Health,
and Nursing, Universitas Gadjah Mada, Yogyakarta. Written
parental informed consent was obtained from both parents of
the study subjects in accordance with the appropriate Ethics
Committee requirements.

RESULTS

A total of 45 term AGA newborns consisting of 23 male and
22 female newborns were included in this study. The subjects’
characteristics are shown in Table 1. The mean ± SD of the

TABLE 2 | Mean ± SD BMC of whole body, whole body except head, trunk and

legs.

Site Mean ± SD

WB BMC (g) 33.2 ± 9.3

WB BMC except head (g) 13.7 ± 5.0

Trunk BMC (g) 6.2 ± 2.7

Legs BMC (g) 6.7 ± 7.0

BMC, bone mineral content; WB BMC, whole body BMC.

TABLE 3 | Mean of bone mineral content according to determinant variables.

Characteristics WB BMC (mean ± SD) P-value

Sex

Male (23) 36.2 ± 9.3 0.028a

Female (22) 30.2 ± 8.3

Maternal cigarette exposure

Yes (8) 27.3 ± 9.1 0.046a

No (37) 34.5 ± 8.9

Pre-gestational nutritional status

Underweight (BMI < 18.5) (3) 27.5 ± 5.7 0.336b

Normal (18.5 < BMI < 24.99) (27) 34.9 ± 10.0

Overweight (25 < BMI < 29.99) (11) 29.9 ± 8.7

Obese (BMI ≥ 30) (4) 34.5 ± 2.4

ap-value for independent sample t-test.
bp-value for one-way Anova.

BMI, body mass index; WB BMC, whole body bone mineral content.

gestational age was 38.7 ± 1.0 weeks (range of 37.0–40.9 weeks),
while the mean± SD of birth weight was 3,134.1± 281.1 g (range
2,486 −3,745 g). Most mothers had multiparous pregnancy
(60%), normal pre-gestational nutritional status (60%), and no
cigarette exposure (82.2%). All mothers with cigarette exposure
were passive smokers. Most mothers had no anemia (55.6%). The
results of BMC scans were showed in Table 2.

WB BMC was significantly higher in male infants compared
with female infants (p= 0.028). Infants born to mothers exposed
to cigarette smoke had a significantly lower WB BMC than those
not exposed (p= 0.046) (Table 3).

Linear regression analysis showed that sex, gestational age,
birth weight, birth length and maternal cigarette exposure were
significantly associated with WB BMC at birth (Table 4).

Multiple linear regression analysis was also performed to
assess which variables were independently associated with WB
BMC. Variables with p < 0.25 in the simple regression analysis
were included in the multiple regression model (18). The
results of the multivariate linear regression analysis showed
that neonatal factors, that is, birth weight, birth length, and
gestational age were positively and independently associated with
WB BMC (p = 0.048, 0.017, and <0.001, respectively). Male
infants had significantly higher of WB BMC than female (p =

0.025). On the other hand, only maternal smoking exposure was
negatively associated the newborns’ WB BMC (p= 0.012). Those
determinants contribute to almost 50% of the variance of WB
BMC (adjusted R2 = 0.55).
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TABLE 4 | Determinants of WB BMC at birth by linear regression analysis.

Independent variable Simple linear regression analysis Multiple linear regression analysis

β 95% CI* p R2 β 95% CI* p Adjusted R2

Sex (0 = female, 1 = male) 5.93 0.56–11.31 0.031 0.10 4.52 0.61–8.44 0.025 0.55

Gestational age (weeks) 4.36 1.96–4.78 0.001 0.24 4.24 2.32–6.16 <0.001

Birth weight (g) 0.02 0.01–0.03 <0.001 0.25 0.01 0.00–0.02 0.048

Birth length (cm) 2.27 0.33–4.21 0.023 0.12 1.78 0.34–3.22 0.017

Maternal hemoglobin level (g/dl) −1.07 −2.62–0.48 0.270 0.02

Maternal cigarette exposure (0 =

no, 1 = yes)

−7.13 −14.22–(-0.04) 0.049 0.09 −6.48 −11.47–(−1.48) 0.012

Maternal pre-gestational BMI

(kg/m2 )

−0.22 −0.92–0.47 0.523 0.01

Maternal height (m) 18.55 −37.77–74.88 0.510 0.01

Maternal education (0 = University,1

= Senior high school and lower)

−1.34 −7.01–4.33 0.636 0.01

CI, confidence interval for β; BMI, body mass index.

DISCUSSION

The present study investigated the association between maternal
and neonatal conditions and BMC assessed with DXA in
term AGA Indonesian newborns at birth. The results of our
study showed that birth weight, -length, gestational age, sex,
and maternal smoking exposure had significant associations
with BMC.

The International Society for Clinical Densitometry (ISCD)
advises that spine and whole body scans be used to diagnose
bone disorders in children. However, there are currently no clear
guidelines for the infant. In infants, measuring the whole body
except head may be preferred because of inaccuracies in the
algorithm for determining the BMC of the skull. Spine vertebrae
especially the lumbar is recommended because of their speed
and precision of measurement, easily identified bony landmarks,
and less subjected to movement artifact. However, because of
its excellent precision and the fact that it measures overall bone
density, the total body is still a preferred site (19). Moreover, data
from an earlier study conducted by Gallo and colleagues showed
that theWB BMCmeasurement data up to 6 months were robust
and consistent with other studies (20).

The WB BMC observed in this study was much lower than
the total body BMC observed in several studies conducted in
developed countries. A systematic review of term infants, mostly
from developed countries, found a mean WB BMC of 68.8 g
and 65.9 g for male and female infants, respectively (2). This
systematic review also reported that the highest WB BMC was
seen in newborns from North America followed by Europe and
Africa while Asian newborns had the lowest WB BMC (2).

It is well-known that vitamin D is essential for mineral-bone
homeostasis. Several studies have reported that maternal serum
25-hydroxyvitamin D (25 [OH] D) concentrations are associated
with offspring bone mass (21–23). Low levels of vitamin D in
pregnant women may be one of the causes of low WB BMC in
neonates in Indonesia. A study conducted in the same setting as
our present study (Yogyakarta) detected vitamin D deficiency in

90% of cord blood samples (24). Two others studies conducted
in two different places in Indonesia found that the prevalence of
vitamin D deficiency in early pregnancy was very high, namely
in Minangkabau: 82.8% and in Jakarta: 99.6% (9, 10). A study
in Korea observed that in winter, maternal low vitamin D status
resulted in a marked reduction in WB BMC of the newborn (25).
However, a more recent randomized clinical trial reported that
vitamin D supplementation during pregnancy did not increase
offspring WB BMC compared with placebo (26). Unfortunately,
maternal 25 (OH) D levels were not measured in our study.

The supply of calcium from maternal sources plays an
important role in the normal development of fetal bones.
Maternal hypocalcemia may stimulate intrauterine parathyroid
hyperplasia causing poormineralization of the fetal skeleton (27).
Previous research conducted in two different places in Indonesia,
that is, Java and Sumatra, shows that the calcium intake of
pregnant women in both areas was below the recommended daily
allowance (28, 29).

As observed in previous research, the findings of the present
study found an increase in WB BMC that was consistent with
rising birth weight and length (5, 30). This makes sense because
WB BMC is dependent on the size and density of the bone,
and WB BMC differences can represent bone size and density
differences (31).

Our findings are consistent with the results of a previous
study indicating that birth weight and birth length were
strongly, positively associated with neonatal bone mass even after
adjusting for sex and gestational age (32). In the last trimester
of pregnancy, a dramatic increase in calcium transfer across the
placenta to fetal circulation will be followed by increased fetal
bone mineralization. In a healthy term human fetus, two-thirds
of total body calcium is transported during the last trimester.
The peak accretion is between 36 and 38 weeks of gestation
(33, 34). Hence, under normal uteroplacental circumstances,
the more mature the fetus, the better the bone mineralization.
Data also showed that birth weight also predicts later bone
mass (35).
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Our results indicate that there is a significant difference in
WB BMC between male and female term infants, in which
male infants have a higher WB BMC than female infants.
These findings are consistent with previous studies of total
body composition which showed that males had relatively more
lean and less fat mass than females (36) and bone is a lean
body component. The difference in body composition between
male and female fetuses is most likely influenced by sex steroid
hormones. In utero, the testes produce testosterone, which is
believed to increase lean body mass in fetal life. In the first week
of life, male infant testosterone levels increase rapidly and nearly
match the concentrations achieved in adult males, whereas the
ovaries are relatively silent regarding estrogen production, and do
not release significant amounts of testosterone during perinatal
development (36).

The differences in WB BMC between male and female term
infants at birth are, however, still conflicting. Several studies have
shown that males have a significantly higher BMC at birth than
female infants (6, 37–39). Meanwhile, several other studies at
birth observed no difference in male and female newborns WB
BMC (5, 16, 35). Data in adults showed that the incidence of
osteoporosis and fractures in women is higher than in men, and
this is because the bone mass of women is lower than that of
men. Data also suggested that these differences might already
occur early in life (40). Namgung and colleagues reported that in
term infants there were differences in WB BMC between males
and females at the beginning of life but not at birth (5). This
phenomenon was also supported by other research which found
that male infants aged 1–18 months had higher total body bone
mass than female infants, even after controlling for weight, length
and race (6).

Another important finding in this study is the effect of
smoking exposure on bone mineralization. In this study, all
respondents who reported exposure to cigarette smoke were
not active smokers. This finding is in line with national data,
which showed that prevalence of smoking among women in
Indonesia was much lower than that of men (11). The results
of our study indicated that exposure to cigarette smoke during
pregnancy had a detrimental effect on neonatal WB BMC even
though these pregnant women were not active smokers. A cohort
study conducted in Finland showed the harmful effects of passive
smoking in children on their bone health in adulthood (41).

The negative effects of smoking during pregnancy on neonatal
bone mineralization had been demonstrated by several previous
studies (35, 42). Evidence from an animal study on 4-week-old
mice whose mothers were exposed to cigarette smoke observed
that cigarette exposure during pregnancy had a negative influence
on bone microarchitecture of the offspring (42).

Several possible mechanisms have been proposed to explain
the relationship between maternal smoking and infant bone
mass. Maternal smoking has detrimental effect on placental
function, causing impairment of uteroplacental blood flow and
leading to reduce fetal oxygen carrying capacity. Disruption
of the placenta will also cause disruption of mineral transport
from mother to fetus. Since fetal bone mineralization is
determined by the transfer of placental minerals, fetal bone
mineral accretion rate and the rate at which fetal bone is

resorbed, impaired mineral transport will cause disruption of
fetal bone mineralization (5, 43). Another possible mechanism
is due to the high concentration of cadmium as a tobacco smoke
contaminant which has specific effects on osteoblast function and
on trophoblast calcium transport. This condition may interfere
with fetal bone development (16, 35). Exposure to cigarette
smoke in pregnant women is also suspected to decrease calcium
absorption and lead to bone demineralization. Indirectly, this can
affect fetal bone mineralization (30).

However, some results from studies investigating the
relationship between maternal smoking with offspring’s bone
mineralization are inconclusive (44). A study published in 1991
found that in full-term infants, bone mineralization was not
significantly altered by maternal cigarette smoking. However,
this study showed the limitation that the bone mineralization
was examined at one third of the distal of the radius (30). This
site is not recommended by the ISCD, as there are few normative
data for pediatric forearm studies, and the values obtained
may only be useful when compared with subsequent studies
(19, 45). A recent systematic review aimed at exploring the effect
of maternal smoking during pregnancy on the bone mineral
density (BMD) of children or neonates concluded that smoking
during pregnancy has no direct effect on BMD of the offspring.
Other factors such as placental weight, birth weight, and present
body size of children may confound the relation between BMD
and smoking during pregnancy (46).

One of the weaknesses in research on maternal smoking or
exposure to cigarette smoke during pregnancy is that the data on
smoking exposure were obtained from subjective measurements
such as a self-reporting questionnaire (46). This is also the case in
our study.

STRENGTHS AND LIMITATIONS

To our knowledge our study is the first attempt to use DXA
in an Indonesian population to measure bone mass in term
newborns. The availability of instruments to assess BMC is one
of the barriers to conducting research of bone mass in newborns
in developing countries. Furthermore, bone mass measurement
has often been an area of debate, with many researchers using
various methods to report bone mass. However, DXA has been
considered to be the gold standard for bone mass measurement
and is used in both clinical and academic studies. DXA is also an
ideal method because radiation exposure is low and scan time is
fast (2).

The small sample size of the research will limit the
generalizability of the findings of this study. This disadvantage
can, however, be accounted for since all of the study participants
were of Javanese origins, which is Indonesia’s largest ethnicity.
Another limitation of this study is its cross-sectional study design
which makes it difficult to assess if our findings are only a
temporal effect.

CONCLUSIONS

The WB BMC in our study population was lower than other
populations in developed countries. Birth weight, -length,
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gestational age, sex, and maternal cigarette exposure during
pregnancy were independently and significantly associated with
WB BMC.
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