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Summary  The prevalence of  vitamin D deficiency (VDD) appears to be increasing. VDD 
during pregnancy has been associated with several adverse pregnancy outcomes. This 
study aimed to investigate the association between VDD and fetal anthropometric measure-
ment. This prospective cohort study consisted of  232 pregnant women in their first trimes-
ter who were recruited at the antenatal clinics and they maintained to be subjects of  the 
study until their delivery time. Serum 25-hydroxyvitamin D (25(OH)D) concentration was 
measured at first and third trimester using enzyme-linked immunosorbent assay. The prev-
alence of  VDD in the first-trimester was 82.8%. Mean of  25(OH)D concentration in the 
third-trimester was significantly higher than in the first trimester (14.00 (6.98) vs. 21.22 
(10.17) ng/mL). After adjusting age, pre-pregnancy BMI, and gestational age at delivery, it 
was found that VDD during pregnancy was not significantly associated with neonatal 
anthropometry (p.0.05). It was concluded that VDD was common in a tropical country. 
Large, well designed, multicentre observational studies are required to determine whether 
VDD enhances the risk of  adverse pregnancy outcomes.
Key Words  pregnancy, 25-hydroxy, vitamin D, vitamin D Status, neonatal anthropome-
try, West Sumatra

Vitamin D status during pregnancy has an important 
role for maternal health and foetal growth (1). The foe-
tal’s vitamin D level is totally dependent on their moth-
er’s level of  25-hydroxyvitamin D (25(OH)D). The 
marker of  maternal vitamin D status is the circulating 
concentration of  25(OH)D (2). Vitamin D status cor-
relates with vitamin D intake and sun exposure of  ultra-
violet B (UVB) (3).

Deficiency of  vitamin D status is common during 
pregnancy and become the worldwide public health 
concern (4). Vitamin D deficiency (VDD) may cause low 
foetal growth and development during pregnancy. Re-
centstudies found that maternal vitamin D status was 
increasingly associated with adverse pregnancy out-
comes such as an increased risk of  lower birth weight, 
type 1 diabetes, foetal miscarriage, preeclampsia, gesta-
tional diabetes, bacterial vaginosis, and impaired child-
hood growth and development in the offspring (5–11). 
Henceforth, vitamin D status during pregnancy is a 
main concern to maintain pregnancy health.

Fulfilling the requirements for normal vitamin D level 
during pregnancy is important and recognizing the  
risk factors of  VDD and ensure primary diagnosis of   
vitamin D status during pregnancy is essential to pre-

vent maternal complications (1). Therefore, this study 
was done to investigate the association between mater-
nal vitamin D status during pregnancy and neonatal 
anthropometry measurements. Other determinants 
such as maternal characteristics (age, maternal work-
ing status, pre-pregnancy BMI), pregnancy profile (par-
ity, gestational age at birth), and lifestyle (occupation 
status, supplement consumption and length of  outdoor 
activity status) factors were also measured.

MATERIALS AND METHODS

Subjects and study design. Data were taken from 
Vitamin D on Pregnant Mothers (VDPM) Cohort Study 
from singleton pregnant women in five cities of  Padang, 
Padang Pariaman, Payakumbuh, Lima Puluh Kota, and 
Pariaman, West Sumatra Province, Indonesia (12–14). 
All subjects were from ethnic group indigenous to the 
Minangkabau highlands of  West Sumatra, Indonesia, 
or also known as Minang.

Subject recruitment was based on registry from the 
community midwife at public health centres in each 
city. Subjects who were healthy, had singleton preg-
nancy and met the inclusion and exclusion criteria 
were contacted and recruited. The inclusion criteria 
were 1) resident of  the city, 2) willing to comply with 
the whole study procedure (follow up process) by sign-E-mail: sabtaaji@almaata.ac.id
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ing informed consent, 3) pregnant at less than 13 wk of  
gestation at recruitment, and 4) have a singleton, alive, 
normal fetus. The exclusion criteria were women with 
multiple pregnancies, preeclampsia, miscarriage or still 
birth, chronic illness like diabetes, hypertension, cardio-
vascular disease, or hypothyroidism, taking drugs that 
can interfere with vitamin D metabolism and also 
fetuses with any congenital abnormalities or congeni-
tal.

Data collection. After giving written concern formed, 
each subject was interviewed for demographic data, life-
style, and pregnancy profile by research assistant. All 
records were kept as an individual case report file in 
data storage for later entry. The selected subjects were 
followed up from the first trimester (T1), second trimes-
ter (T2), third trimester (T3), and at delivery. Blood 
samples were taken during T1 and T3. Neonatal anthro-
pometry measurements such as birth weight, birth 
length, head circumferences, were recorded after deliv-
ery process.

The lifestyle questionnaire included questions about 
occupation status, supplement consumption, and the 
duration of  sun exposure. Sun exposure was calculated 
as an index hours per week the women spent outdoors 
exposed to sunlight. We then divided the exposure into 
two groups (#1 h5​inadequate or .1 h5​adequate). 
Supplement consumption was recorded as a category of  
taking supplement before pregnancy routinely or not. 
The occupation status was determined from workplace 
in outdoor or indoor area.

Maternal and neonatal anthropometric measure-
ments. We recruited nutritionists for interviewing and 
measuring subjects using standardized protocols per-
forming anthropometric measurements of  mother-in-
fant pairs. In this study, gestational age at birth was cal-
culated from estimated gestational age examined by 
obstetricians or midwives using transabdominal ultra-
sound performed or date of  last menstrual period in the 
absence of  ultrasound at the Maternal Clinic or Hospi-
tal. Maternal and neonatal weight were measured to 
the nearest 100 grams using an electronic scale (Seca 
803, Seca GmbH. Co. kg, Hamburg, Germany). Mater-
nal and neonatal height were measured to the nearest 
one millimeter using a stadiometer (OneMed-Medicom 
stature meter, YF.05.05.V.A.1022, Jakarta, Indonesia) 
and mid-upper arm circumference (MUAC) were mea-
sured by using a meter line and rounded to the nearest 
one millimeter (Medline-OneMed Medicom, Jakarta, 
Indonesia). Post partum BMI was calculated and classi-
fied according to World Health Organization guidelines 
for Asian populations (,18.5 kg/m2 underweight; nor-
mal, 18.5–23.49 kg/m2; overweight, 23.5–24.99 kg/
m2; Pre-obese, 25–29.99 kg/m2; Obese, $30 kg/m2) 
(15).

Serum 25(OH)D concentration measurements. 
Maternal blood was collected two times at ,13 and 
.27 wk of  gestation. For measuring vitamin D levels, 
5 ml of  venous blood was obtained and stored as blood 
serum. Serum samples were stored at 70˚C until  
they were analyzed for 25(OH)D. Serum 25(OH)D was 

assayed by using xMark Microplate Spectrophotometer 
(Bio-Rad Laboratories Inc, Hercules, California, USA). 
Serum concentration of  25(OH)D was assessed using 
ELISA from Diagnostic Biochemistry Canada (DBC) 
25-Hydroxyvitamin D ELISA kit (DBC, London, Ontario 
Canada). The assay has a sensitivity of  5.5 ng/mL, an 
intra- and inter-assay coefficient of  variation of  5% and 
8.1%, respectively. The serum concentration of  25(OH)
D was considered in the analyses: ,12 ng/mL (vitamin 
D deficient), 12–19 ng/mL (vitamin D insufficient), 
$20 ng/mL (vitamin D sufficient) according to Institute 
of  Medicine (IOM) guideline of  vitamin D status (16).

Ethic statements. This study protocol was conducted 
in accordance with the declaration of  Helsinki and 
approved by the Ethics Committees of  Medical Faculty, 
Andalas University (No. 262/KEP/FK/2016). All women 
gave written informed consent form for themselves prior 
to data collection in this study.

Statistical analysis. We used the SPSS statistical pack-
age (version 23; SPSS Inc., Chicago, IL, USA) for the sta-
tistical analysis. Results from the descriptive analyses 
were presented as means and standard deviations (SD) 
for continuous variables and as percentages for categor-
ical variables. Linear regression model was used to 
assess the association of  25(OH)D concentration and 
neonatal anthropometry measurements. We included 
maternal age, working status, pre-pregnancy BMI, par-
ity status, and sun exposure status as confounding vari-
ables (12, 17). Results were presented as linear regres-
sion mean (SD) and logistic regression Odds Ratio (OR) 
and 95% CI. OR was determined to measure if  vitamin 
D insufficiency could predict the probability of  low 
weight, length, and head circumference at birth. p-value 
,0.05 was considered as significant.

RESULTS

Characteristics of  the study subjects
From June 2017 until April 2018, a total of  239 sin-

gleton Minangkabau pregnant women had been 
screened and recruited. Since the parents follow up pro-
cess is still ongoing, only 195 subjects were followed up 
until they delivered and thus included in this report 
(Fig. 1). Pregnant women with healthy singleton preg-
nancy in the first trimester of  pregnancy who met the 
inclusion and exclusion criteria were 279 subjects. Out 
of  276, 44 subjects rejected to comply and follow this 
study procedures. Furthermore, 232 subjects attended 
follow up during the gestation. However, the final sam-
ple size of  this study was 184 subjects (mother and 
infant pairs) who successfully complete this study pro-
cedures.

In total, 186 women had blood samples collected in 
both T1 and T3. The maternal characteristics of  our 
study were shown in Table 1. The mean of  birth weight 
was 3,204.87 (495) g, birth length 48.56 (2.875) cm, 
head circumference 33.89 (2.52) cm, and mean of  ges-
tational age at delivery was 38.88 (1.91) wk.

In this study, 59 subjects (35.40%) were in the high-
risk age group (,20 y old or $35 y old). Maternal 
nutritional status as defined by pre-pregnancy BMI was 
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within normal range. Maternal nutritional status based 
on WHO classification were underweight (12.50%), 
normal weight (43.50%), overweight (11.60%), pre-
obese (19.80%), and obese (12.50%). The mean of  total 
weight gain in this study was 8.64 (3.01) kg. None of  
the study subjects followed a special diet.
Maternal 25(OH)D serum concentration

In the first trimester, the maternal serum vitamin D 
values ranged from 3.00 to 49.29 ng/mL with the aver-
age 14.00 (6.98) ng/mL. Maternal vitamin D status in 
the first trimester showed that 88 (47.30%) were vita-
min D deficient, 66 (35.50%) were insufficient and 32 
(17.20%) were sufficient.

In the third trimester, the maternal serum vitamin D 
values ranged from 4.44 to 60.84 ng/mL with the aver-
age 21.22 (10.17) ng/mL. Maternal vitamin D status in 
the third trimester showed that 35 (18.80%) were vita-
min D deficient, 64 (34.40%) were insufficient, and 87 
(46.80%) sufficient. A total of  186 pregnant women 
had complete this study. There was a significant differ-
ent proportion between maternal vitamin D status at 
first and third trimester during pregnancy (p,​0.001) 
(Fig. 2).
The association between maternal vitamin D status and neo-
natal anthropometric measurements

We tested the relationship between maternal vitamin 
D status during pregnancy and neonatal anthropome-
try outcomes in terms of  birth weight, birth length, and 

head circumference. Table 2 and Table 3 showed that 
maternal vitamin D status both at T1 and T3 had no 
significant association with neonatal anthropometry 
and with maternal weight gain and pre-pregnancy BMI 
(p.​0.05). Similarly, maternal vitamin D status has no 
significant association with the outcomes low birth 
weight, short birth length, and small head circumfer-
ence (Table 4).
Pregnancy loss

As shown in Fig. 1, the total subjects lost during fol-
low-up were 18.82%; of  which 0.34% were due to mis-
carriage and 8.48% because the subjects did not com-
ply with the research procedure. The rate of  late preg-
nancy loss was 10.34%. There were 3 cases of  preterm 
birth, 8 cases of  stillbirth, and 14 cases of  miscarriage.

DISCUSSION

The aimed of  our study was to examine the relation-
ship between maternal vitamin D status during preg-
nancy and neonatal anthropometric measurement. We 
were also measuring other determinants as confound-
ing factors such as subject characteristics, pregnancy 
profile, and lifestyle during pregnancy. The main finding 
of  this study was that there was no association between 
maternal vitamin D status, either in the first or third tri-
mester, and neonatal anthropometry measurements. To 
our knowledge, ours is one of  the first studies to investi-
gate the associations between vitamin D status and 

Fig.  1.  Study participant recruitment.
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pregnancy outcomes.
The present study was conducted in West Sumatra 

province, located a latitude 0.7399˚ S, 100.8000˚ E. 
Whereas there is abundance of  sun exposure almost in 
a whole year in Indonesia, VDD is highly prevalent in 
pregnant Indonesia women, particularly in the first tri-
mester of  pregnancy.

As located in the tropical region, VDD is common, 
not only in Indonesia, but also in other South East Asia 
countries (18–23). More than 80% of  our study popu-
lation had insufficient-deficient vitamin D status. This 
result showed that maternal VDD status in early preg-
nancy was similar to the previous study in Indonesia. 
Bardosono et al., and Judistiani et al., found that 99.6% 
and 96% first trimester of  pregnant women had insuffi-
cient-deficient vitamin D status (17, 24).

This finding demonstrates that VDD is likely a major 
concern of  public health problem among pregnant 
women in Indonesia. Previous finding from Vitamin D 
on Pregnant Mothers (VDPM) cohort study showed that 
factors associated with low vitamin D status in early 
pregnancy were no working status, nulliparous parity 
status, length of  outdoor activity of  less than an hour 
and no taking supplements before pregnancy (12–14). 
Lifestyle factors had high consideration to meet the 
requirement of  sufficient maternal vitamin D status as 
sunlight exposure is the major sources of  vitamin D 
(25, 26).

We had no association between maternal weight gain 
during pregnancy and pre-pregnany BMI to maternal 
vitamin D status. Although previous studies suggested 
that higher pre-pregnany BMI and gestational weight 
gain were associated with lower vitamin D status (16). 
Higher level of  BMI or gestational obesity involved in 
reduced placental transfer of  vitamin D to fetus, bio-
avaibility, mother and child vitamin D serum concen-
tration through adipose tissue which is blocking the 
25(OH)D concentration and resulting inverse relation-
ship between BMI and vitamin D (19, 27).

Our result indicates that maternal vitamin D status 
was increased from T1 to T3 of  gestation. Insuffi-
cient-deficient vitamin D status declined from 82.8% at 
the T1 to 53.2% at T3. This present study had similar 
results with Charatcharoenwitthaya et al., who con-
ducted a study in Thailand that the prevalences of  VDD 
were 83.3% and 27.4% in first and third trimesters 
respectively (18). It was found that increases of  macro-

Table  1.  Maternal characteristics.

Desscription n (%) Mean (SD)

Maternal age, y 29.77(5.69)
Maternal age groups
  a. ,20 y old 7 (3.00)
  b. 21–30 y old 120 (51.70)
  c. 31–35 y old 53 (22.80)
  d. $35 y old 52 (22.40)
Maternal education levels
  a. Primary 67 (28.90)
  b. Secondary 94 (40.50)
  c. Tertiary 71 (30.60)
Maternal working status
  a. Working 74 (31.90)
  b. Not working 158 (68.10)
Pre-pregnancy BMI, kg/m2 23.45(4.56)
Pre-pregnancy BMI
  a. Underweight 29 (12.50)
  b. Normal 101 (43.50)
  c. Overweight 27 (11.60)
  d. Pre-obese 46 (19.80)
  e. Obese 29 (12.50)
Parity 
  a. Nulliparous 59 (25.40)
  b. Multiparous 173 (74.60)
Total weight gain, kg 8.64 (3.01)
Duration of  sun exposure 
(min/d)

60 (53.75)

Length of  outdoor activity
  a. ,60 min/wk 110 (47.80)
  b. $60 min/wk 121 (52.20)
Occupation status
  a. Indoor 175 (75.40)
  b. Outdoor 57 (24.60)
Taking supplement before 
pregnancy
  a. Yes 30 (12.90)
  b. No 202 (87.10)
25(OH)D at T1, ng/mL 14.00 (6.98)
25(OH)D at T3, ng/mL 21.22 (10.17)
Gestational age at birth, wk 38.88 (1.91)
Birth weight, gram 3,204.87 (495)
Birth length, cm 48.56 (2.875)
Head circumference, cm 33.89 (2.52)

T1, first trimester; T3, third trimester; 25(OH)D, 25- 
hydroxyvitamin D; BMI, body mass index. Data presented 
as mean (SD) and n (%).

Fig.  2.  Maternal vitamin D status in the first and third trimester (n5186).
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nutrient and micronutrient intake, such as vitamin D 
and calcium intake during pregnancy may contribute 
to the decrease prevalence of  vitamin D insufficien-
cy-deficiency status (18, 23). The increase of  25(OH)D 
concentration in these subjects may due to increase rate 
of  subjects visiting maternal clinics to do antenatal care 
as this study did not offer special intervention of  diet. 
The more they regularly visiting antenatal care at 
maternal clinics, the more knowledge they obtained 
through health information and multivitamin supple-
ment provided by health workers. Access to antenatal 
care was associated with maternal health and improved 
birth outcomes (28). However, other studies found the 
decline of  vitamin D status during pregnancy (29–31). 

Lower 25(OH)D concentration in the third trimester 
might be caused by less sunlight exposure and low 
physical activity (13, 32).

We had a negative finding between maternal vitamin 
D status and neonatal anthropometry outcomes. Nei-
ther maternal vitamin D status at T1 nor T3 had signif-
icant association with neonatal anthropometry mea-
surements. Our results had similar findings with a study 
that measured maternal vitamin D status in multiple 
times (first and third trimester) and found no associa-
tion with neonatal birthweight and birth length (33). 
Other studies also reported the same results (34–36). In 
contrast, several other studies found an increased risk 
of  poor neonatal anthropometry measurements such as 

Table  2.  The differences between maternal weight gain, pre-pregnancy BMI, and neonatal anthropometric measurement 
at birth among vitamin D T1 status.

Maternal vitamin D Status T1
p-value

Sufficient Insufficient Deficient

Neonate anthropometric measurementsa

  Birth weight, gram 3,203.03 (516.29) 3,272.79 (473.510) 3,156.38 (502.10) 0.331
  Birth length, cm 48.21 (2.83) 48.82 (1.82) 48.49 (3.47) 0.588
  Head circumference, cm 34.15 (2.03) 34.04 (2.00) 33.69 (2.97) 0.575
Maternal weight gainb

  Total weight gain, kg 8.52 (2.95) 8.63 (2.85) 8.65 (3.18) 0.996
Maternal pre-pregnancy BMIc

  Pre-pregnancy BMI, kg/m2 22.60 (4.60) 23.41 (3.76) 23.60 (4.39) 0.670

a Live born infants only; b Maternal total weight gain was defined as bodyweight T32pre-pregnancy bodyweight; c pre-preg-
nancy BMI was categorized by WHO classification (15); Data presented as mean (SD); Maternal vitamin D status was 
defined as ,12 ng/mL (vitamin D deficient), 12–19 ng/mL (vitamin D insufficient), $20 ng/mL (vitamin D sufficient) 
according to Institute of  Medicine (IOM) guideline of  vitamin D status (16); All models were adjusted for maternal charac-
teristics (age, maternal working status, pre-pregnancy BMI), pregnancy profile (parity, gestational age at birth), and lifestyle 
(occupation status, supplement consumption and length of  outdoor activity status) factors; T1, first trimester; BMI, body 
mass index.

Table  3.  The differences between maternal weight gain, pre-pregnancy BMI, and neonatal anthropometric measurement 
at birth among vitamin D T3 status.

Maternal vitamin D Status T3
p-value

Sufficient Insufficient Deficient

Neonate anthropometric measurementsa

  Birth weight, gram 3,147.09 (458.73) 3,246.04 (403.14) 3,242.86 (576.65) 0.386
  Birth length, cm 48.53 (2.06) 48.86 (1.89) 48.11 (5.17) 0.300
  Head circumference, cm 33.55 (1.89) 34.21 (1.97) 33.91 (4.25) 0.320
Maternal weight gainb

  Total weight gain, kg 7.02 (2.71) 7.97 (3.17) 8.40 (3.020) 0.413
Maternal pre-pregnancy BMIc

  Pre-pregnancy BMI, kg/m2 23.61 (4.36) 23.91 (4.99) 21.71 (2.86) 0.101

a Live born infants only; b Maternal total weight gain was defined as bodyweight at T3–pre-pregnancy bodyweight; 
c pre-pregnancy BMI was categorized by WHO classification (15); Data presented as mean (SD); Maternal vitamin D status 
was defined as ,12 ng/mL (vitamin D deficient), 12–19 ng/mL (vitamin D insufficient), $20 ng/mL (vitamin D sufficient) 
according to Institute of  Medicine (IOM) guideline of  vitamin D status (16); All models were adjusted for maternal charac-
teristics (age, maternal working status, pre-pregnancy BMI), pregnancy profile (parity, gestational age at birth), and lifestyle 
(occupation status, supplement consumption and length of  outdoor activity status) factors; T3, third trimester; BMI, body 
mass index.
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SGA, lower birthweight, small head circumference, and 
shorter birth length with low maternal vitamin D status 
(7, 37–39). These inconsistent findings may be related 
to sample size, ethnic disparities, study design, and dif-
ferent vitamin D status definition. The important roles 
of  vitamin D during pregnancy are also linked to mater-
nal health that lead to adverse pregnancy outcomes 
such as gestational blood pressure, pre-eclampsia, 
cesarean section rate, and preterm labour (11, 40–42).

The strength of  this study lies on its population-based 
design and multiple locations that represented several 
geographical areas of  West Sumatra, the first study in 
West Sumatra, and its prospective design. The present 
study provides important evidence that maternal VDD 
status was common in the early pregnancy and improv-
ing awareness during pre-conception to take vitamin D 
supplement should be considered to prevent VDD in 
pregnant Minangkabau women populations.

In conclusion, our findings demonstrate the high 
prevalence of  maternal VDD status in healthy pregnant 
Minangkabau women, West Sumatra. However, VDD 
during pregnancy was not associated with poor neona-
tal anthropometry measurements. Future research on 
maternal vitamin D status during pregnancy and its 
influence on neonatal anthropometry measurements 
need to be done with larger sample size to confirm our 
findings.
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