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Abstract

Background: The postpartum period is a critical phase characterized by significant physiological changes that
impact maternal health, particularly bone status. Despite extensive research on bone health in various
populations, there is limited data on Indian mothers, who face unique dietary, cultural, and socioeconomic
challenges. This study aims to assess postpartum bone health among Indian mothers and identify key
determinants influencing bone status.

Methods: A cross-sectional study was conducted involving 150 urban postpartum mothers, divided into three
groups: Group A (1 week postpartum), Group B (1-2 years postpartum), and Group C (3—4 years postpartum).
Bone mineral density (BMD), bone mineral content (BMC), and related parameters were measured using a
Lunar DPX-PRO densitometer. Data on weight, dietary intake, physical activity, sunlight exposure, and socio-
demographic factors were collected. Statistical analyses were performed to identify variations in bone health and
potential predictors.

Results: Participants in Group A had the highest postpartum weight and calcium intake, but also exhibited the
highest prevalence of vitamin D deficiency. By 3 years postpartum, Group C showed improved lumbar spine
BMD compared to Group A. Total body BMD and bone mass showed minimal variation across groups, while
Group C demonstrated better bone metrics at lumbar spine sites. Nutrient deficiencies, including calcium, iron,
and zinc, were prevalent across all groups. Low physical activity and minimal sunlight exposure were noted,
with significant variations in these factors among the groups.

Conclusion: Indian postpartum mothers experience significant bone health changes, with improvements in
lumbar spine BMD over time. However, deficiencies in essential nutrients and vitamin D deficiency persist.
Keywords: Osteoporosis, Vit D, BMD, Bone health.
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Introduction

Postpartum period, a critical phase in a woman's
life, brings significant physiological changes that
impact overall health, including bone status. The
maternal  skeleton  undergoes  considerable
remodeling during pregnancy and lactation to meet
the increased calcium demands for fetal
development and breastfeeding. While numerous
studies have investigated bone health in women
from various populations, there is a dearth of data
focusing on Indian mothers, despite the unique
dietary, cultural, and socioeconomic factors that
may influence postpartum bone health in this
demographic.

There is a reduction in maternal bone mineral
density during the early stages of lactation, with
recovery of bone loss at various sites after weaning
in women who consume a diet adequate in calcium.

Gupta et al.

[1,2] However, it is well-documented that many
lactating women have a dietary calcium intake
below the recommended dietary allowance. [3,4]
Previous studies have also reported low bone mass,
vitamin D deficiency, and  secondary
hyperparathyroidism in seemingly healthy South
Indian women (non-pregnant, non-lactating). [5,6]

India, with its diverse population and varying
nutritional practices, presents a unique landscape
for studying postpartum bone health. Indian women
often face nutritional challenges that can exacerbate
bone density loss during and after pregnancy.
Furthermore, traditional postpartum practices,
including dietary restrictions and prolonged
breastfeeding, might further impact maternal bone
status. Understanding these changes is crucial for
developing targeted interventions to improve
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maternal  health and  prevent long-term
complications such as osteoporosis.

This study aims to bridge the gap in existing
literature by providing a comprehensive analysis of
postpartum changes in bone status among Indian
mothers. Through a cross-sectional approach, we
seek to evaluate bone mineral density (BMD) and
other related parameters in women at different
stages postpartum. By examining factors such as
dietary intake, physical activity, and socioeconomic
status, this research endeavors to identify key
determinants of bone health in postpartum Indian
mothers.

Methods

This cross-sectional study was conducted at patna
medical college, patna from 2022 to 2025 involved
urban postpartum mothers. Sample size was
calculated to be 150 and three groups were
selected. In Group A, primiparous mothers within
one week of delivery were enrolled. There were 50
mothers with 1- to 2-year-old children (Group B)
and 50 mothers with 3- to 4-year-old children
(Group C).

Exclusion criteria included multiparous mothers,
mothers with twins, pre-existing conditions like
gestational diabetes or pre-eclampsia, and mothers
of infants with [UGR or SGA. The study protocol
was approved by the institutional ethics committee,
and all participants provided written informed
consent. The mothers' weight was recorded on the
date of enrollment using an electronic digital scale,
and pre-pregnancy weight was obtained from
medical records. BMI was calculated as weight in
kg divided by height in meters squared. Postpartum
weight change was calculated based on the
difference between pre-pregnancy weight and
weight at enrollment.

A structured and pre-tested questionnaire collected
socio-demographic  information and lactation
history. Habitual physical activity data were
collected through a validated questionnaire,
classifying individuals into inactivity, light, and
moderate activity levels based on daily activities.
Sunlight exposure was recorded and categorized.
Lean body mass, fat mass, bone mineral content,
bone area, and bone mineral density were measured
using a Lunar DPX-PRO densitometer.

The measurements were standardized, and T scores
and Z scores were calculated using manufacturer
data. Osteoporosis was defined based on T scores.
Differences in anthropometry, biochemistry, bone
parameters, and nutrient intakes were analyzed
using ANOVA. A general linear model with
univariate analysis was employed to identify
predictors of bone health and to test the differences
in means after adjusting for breastfeeding practices
and dietary food supplement intake. Data were
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analyzed using the SPSS software for Windows
(version 26.0, SPSS Inc).

Results

The general characteristics of the participant
mothers are detailed in Table 1. Each group
consisted of 50 participants. The average age of the
mothers was 28.2 + 3.6 years in Group A (1-week
postpartum), 29.6 + 3.4 years in Group B (1-year
postpartum), and 29.1 + 3.2 years in Group C (3-
year postpartum). The weight of the participants at
the date of enrollment was highest in Group A at
66.3 = 10.8 kg, compared to 57.8 + 10.6 kg in
Group B and 56.5 £ 11.3 kg in Group C.

The heights were relatively similar across groups,
with Group A at 158.1 £ 6.2 cm, Group B at 156.2
+ 5.5 cm, and Group C at 156.3 = 6.5 cm. Waist
circumference and BMI followed similar trends,
with Group A showing the highest values.
Postpartum weight change was greatest in Group A
at 8.9 kg (7.1-11.1), compared to 3.2 kg (1.1-5.6)
in Group B and 6.6 kg (3.2-10.1) in Group C.
Dietary food supplement use was reported by 72%
of women in Group A, 82% in Group B, and 87%
in Group C.

Partial breastfeeding was least common in Group A
(29%) and most common in Group B (44%).
Sunlight exposure and physical activity varied
among groups, with Group A having the highest
proportion of women with less than 15 minutes of
sunlight exposure daily (92%) and minimal
moderate physical activity (2 minutes/day).
Education levels were high across all groups, with
over 90% having education above 15 years, and
socio-economic status was highest in Group A
(84% above Rs. 40k/month). Nutrient intakes
showed variations, with Group A generally having
higher energy, protein, fat, calcium, iron, zinc,
magnesium, and phosphorus intakes compared to
Groups B and C. (Table 2)

Group A had the highest percentage of mothers
with vitamin D deficiency (S. 250H-D <50
nmol/L), with an average level of 33.4 + 21.2
nmol/L (85%), compared to Group B and C, which
had levels of 42.9 + 23.0a (70%) and 47.9 + 22.4a
(59%), respectively. The mean S. Para Thyroid
Hormone (ng/L) levels indicated a higher
prevalence of hyperparathyroidism (>66.5 ng/L) in
Group B (30%) than in Groups A (15%) and C
(20%). Total body bone mineral density (TB BMD)
was slightly higher in Group A (1.125 + 0.103
g/cm?) compared to Groups B (1.114 £ 0.158
g/cm?) and C (1.121 £ 0.068 g/cm?).

Total body bone mineral content (TB BMC)
followed a similar trend, with Group A having 2.22
+ 0.32 kg. APS-BMD L1-L4 and APS BMC L1-
L4 were highest in Group C, with values of 1.109 +
0.100a g/cm? and 52.7 + 8.92a g, respectively. DF
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Neck BMD and DF Neck BMC showed minimal
variation among the groups.

Total body lean body mass (TB LBM) percentages
were comparable across groups, with Group C
showing the highest percentage (56.9 + 7.1%).
Total body fat percentage was highest in Group A
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(43.60 = 5.97%) and lowest in Group C (41.43 £
8.50%).

These findings suggest variations in bone health
and body composition across the groups, with
Group C generally exhibiting more favorable
metrics. (Table 3)

Table 1: General characteristics of study participants (n=150)

Variable Group A (1-week | Group B (1-year | Group C (3-year
postpartum) postpartum) postpartum)
N 50 50 50
Age (years) 28.2+3.6 29.6+34 29.1+3.2
Weight (kg) 66.3+10.8 57.8+10.6 56.5+11.3
Height (cm) 158.1 +6.2 156.2+5.5 156.3+£6.5
Waist (cm) 98.5+9.6 90.6 £9.5 88.5+£10.5
BMI (kg/m?) 26.5+4.1 23.8+4.5 23.5+4.2
Postpartum weight change 8.9 (7.1-11.1) 3.2 (1.1-5.6) 6.6 (3.2-10.1)
Dietary food supplement 72% 82% 87%
Partial breastfeeding 29% 44% 37%
Moderate physical activity (min/day) | 2 (27.7) 2 (16) 2 (16)
Inactivity (min/day) 868 (267) 62 (106) 62 (91)
Light activity (min/day) 62 (181) 811 (151) 811 (151)
Sunlight exposure (<15 min) 92% 82% 61%
Sunlight exposure (15-30 min/day) 10% 21% 42%
Table 2: Nutrient intake among study population (N=150)

Nutrient intake Group A Group B Group C

(1-week postpartum) (1-year postpartum) (3-year postpartum)
Energy (Kcal) 2432 + 492 (46%) 2002 + 350 (35%) 1918 + 373 (53%)
Protein (g) 58+ 14 (97%) 50+ 11 (74%) 43 +9 (98%)
Fat (g) 91+31 58+ 18 57+18
Calcium (mg) 951 + 341 (74%) 620 + 257 (54%) 532 + 182 (73%)
Iron (mg) 12.1+3.3 (97%) 9.8+2.1(98%) 8.7+ 1.7 (98%)
Zinc (mg) 6.8+ 1.7 (99%) 54+1.3 (99%) 4.6 +£1.0 (99%)
Magnesium (mg) 486 £ 172 442 + 101 411+ 134
Phosphorus (mg) 1285 +£277 1112 £216 981+ 191

Table 3: Biochemical, bone parameters, and lean mass in study population (N=150)

Parameter Group A Group B Group C
S. 250H-D (nmol/L) 3344212 42.9+23.0 479+224
S. Para Thyroid Hormone (ng/L) 41.83 £42.06 53.79 £42.53 39.69+41.28
Hyperparathyroidism 15% 30% 20%
TB BMD (g/cm?) 1.125+0.103 1.114+0.158 1.121 £ 0.068
TB BMC (kg) 2.22+0.32 2.17+0.30 2.21+0.30
APS-BMD L1-L4 (g/cm?) 1.047 +0.133 1.092 + 0.120 1.109 £ 0.100
APS BMC L1-14 (g) 49.94 £ 10.63 51.23 +8.21 52.7+8.92
DF Neck BMD (g/cm?) 0.925+0.110 0.926 +0.110 0.947 +0.109
DF Neck BMC (g) 3.96 +£0.59 3.95+0.56 4.03 +0.55
TB LBM (%) 54.8+5.6 55.7+8.1 56.9+7.1
TB fat (%) 43.60 + 5.97 42.23 £ 8.50 41.43 £ 8.50
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Fig 1: Comparison of Vitamin D Levels and Deficiency among Groups

Discussion

In our cross-sectional research on postpartum
mothers, we observed an enhancement in bone
health at the lumbar spine at both 1 and 3 years
postpartum, with greater bone mineral density
(BMD) values recorded at 3 years compared to the
immediate postpartum period.

This increase in spinal BMD was not associated
with nutrient intake, dietary supplements, vitamin
D levels, or breastfeeding practices. No significant
changes were detected in bone mineral density at
the total body or femur sites among the different
groups.

The lumbar spine BMD values from our study were
lower than those reported by Ghannam et al.,
indicating that bone health may be worse among
Indian women. Although fractures were not
observed among our participants, low BMD could
increase the risk of osteoporosis and fractures in the
future. [7,8]

While longitudinal  studies have  shown
improvements in spinal BMD after weaning
compared to the postpartum period, our cross-
sectional data also indicated higher BMD values at
3 years postpartum compared to 1 week
postpartum, even after adjusting for weight. [9]
This improvement in BMD and the decrease in the
prevalence of osteopenia and osteoporosis might be
related to natural calcium conservation during
lactation, which could positively affect bone health
despite low calcium intake. [10] Our study
highlights a significant prevalence of vitamin D
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deficiency among Indian postpartum women,
consistent with findings from other studies. [11-14]
Moller et al. reported a high prevalence of vitamin
D deficiency and secondary hyperparathyroidism
around 1 year postpartum in Denmark, although the
incidence was lower than in our study population.
[15]

We found that women in group C had notably
lower weight, BMI, and waist circumference
compared to those in group A. By 3 years
postpartum, when breastfeeding had ended, weight
retention was significantly higher in group C.16
This result is consistent with Maddah et al.'s
research, which found greater weight retention
among first-time mothers at 3 years postpartum.

Additionally, our study identified several nutrient
deficiencies, including energy, protein, calcium,
iron, and zinc, similar to findings from other Asian
countries. [17]

Participants reported low levels of physical activity
and minimal sunlight exposure. Evenson et al. also
observed very low levels of moderate activity at 12
months postpartum. In line with Kulkarni et al., we
found no significant change in percent lean mass,
although their longitudinal study focused on a low-
income group of Indian mothers. [18]

While there is existing research on the impact of
special dietary supplements during lactation, none
have specifically examined their effects on
maternal bone health. One limitation of our study is
its cross-sectional design and the absence of
biochemical markers for bone turnover. Despite
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this, our results are consistent with findings from
other longitudinal studies.

Conclusion

Energy, protein, calcium, iron, and zinc
deficiencies were prevalent among mothers
immediately after delivery and at 1 and 3 years
postpartum. Despite vitamin D deficiency, we
noted improvements in lumbar spine bone status at
1 and 3 years postpartum.

These improvements were independent of dietary
calcium intake, physical activity, serum vitamin D
levels, and consumption of dietary supplements,
likely due to physiological changes during this
period.
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