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Lactation is known to be associated with a transient loss of bone mineral density (BMD) during 3–6 months post-partum. Bone changes during

lactation in women consuming low dietary calcium are not sufficiently studied. The present longitudinal study examined the BMD changes

during lactation in undernourished women and the relationship of bone changes to the nutritional status. Whole-body bone mineral content and

BMD at hip, lumbar spine and forearm were assessed using dual-energy X-ray absorptiometry in thirty-six lactating women from the low socio-econ-

omic group at four time points – within 1 month after delivery (baseline), and at 6, 12 and 18 months after delivery. Maternal body composition and

biochemical parameters of bone metabolism were estimated at the same time. It was observed that femoral neck BMD reduced by 4·6 % at 6 months, but

recovery to the baseline was incomplete at 18 months with a deficit of 2 %. Hip BMD reduction at 6 months was transient. Lumbar spine BMD did not

show significant loss at 6 months and BMD increased by 3·6 and 6·3 % at 12 and 18 months, respectively. Regression analyses indicated that baseline

lean mass was the most important determinant of bone preservation at femoral neck, hip as well as whole body, whereas baseline body weight was the

most important determinant of per cent gain in lumbar spine. Maternal nutritional status as indicated by body weight and lean mass appears to influence

the lactation-related BMD changes in undernourished women from the low socio-economic group in India.

Bone mineral density: Lactation: Nutrition: Lean body mass: Women: BMI

A breast-feeding mother secretes about 200–300 mg of calcium
into breast milk every day and compensatory mechanisms to
conserve calcium such as reduced urinary calcium excretion
and increased maternal bone mineral turnover are active
during lactation(1 – 3). Studies from the west have shown a
4–7 % significant reduction of maternal bone mineral density
(BMD) at lumbar spine and hip regions during 3–6 months of
lactation(4 – 6). Women who breast-fed for a longer time had a
higher bone loss(7). Restoration of bone mineral density is
known to occur following resumption of menstruation(2,4,7 – 9).

The afore-mentioned studies have been reported from
developed countries, where women have moderate to high
dietary intakes of calcium. The consequences of low calcium
intake during lactation are not sufficiently studied. It is possible
that magnitude and determinants of lactation-related bone
changes are different in undernourished women consuming
low calcium in their diets when compared with the well-nour-
ished women consuming diets rich in calcium. A study in lactat-
ing Brazilian women with calcium intakes of about 460 mg/d
suggested that the net balance in bone calcium turnover was
positively associated with dietary calcium intake(10), while
other Western studies in women consuming over 800 mg of cal-
cium per day have indicated that bone changes during lactation
were not influenced by maternal dietary calcium intakes(11,12).

Indian women from low socio-economic group subsisting
on cereal-based low-calcium diets(13) breast-feed their infants

for a prolonged period of time, often until 2 years of age.
In addition, their calcium requirements during pregnancy
and lactation remain high because of childbearing at
a young age, probably before attainment of peak bone
mass (PBM).

Studies from India have demonstrated the poor bone health
of women from low socio-economic group as indicated by
early fractures and a high prevalence of osteoporosis as
early as 40 years of age(14 – 16). Prolonged lactation with
poor dietary intake of calcium and other nutrients in these
women might strain the calcium balance and contribute to
bone thinning and early osteoporosis. A descriptive longitudi-
nal study was therefore planned to map the BMD changes
during lactation using a sensitive technique of dual-energy
X-ray absorptiometry.

Subjects and methods

Sample size

Assuming 95 % CI and 80 % power, standard deviation of
BMD at lumbar spine 20·1 g/cm2, correlation coefficient of
spine BMD at two time points 20·91 and expected difference
in spine BMD of 2 %, the required sample size was calculated
to be thirty-four. Assuming 20 % loss to follow-up, it was
decided to enrol forty women.
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Abbreviations: BA, bone area; BMD, bone mineral density; BMC, bone mineral content; LS-BMB, lumbar spine bone mineral density; PBM, peak bone mass.
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Subjects

Forty consecutive women who attended the post-partum
follow-up clinic in a large Government Maternity Hospital
(Hyderabad, India) were enrolled for the afore-mentioned
study during the period of June–September 2002. All the
women had established breast-feeding, had undergone tubect-
omy and visited the clinic for their first follow-up within
1 month post-partum. Since only women who had undergone
tubectomy were enrolled in the study, there were no women
with parity 1. Parity of the study group women ranged from
2 to 5. None of the women were consuming medications
that are known to affect bone metabolism. The study was
approved by the institutional ethics committee. Informed
consent was obtained from all the subjects.

Study design

Subjects were examined at four time points during the study
period – within 1 month after delivery (baseline), and at 6,
12 and 18 months after delivery. At each time point, the
following were assessed – maternal anthropometry (height
at baseline and weight), infant’s weight and length, maternal
bone parameters at hip, lumbar spine, forearm and whole
body, maternal body composition including lean mass, fat
mass and per cent fat. Blood was drawn for estimation of bio-
chemical parameters at each time point. Dietary intakes were
assessed at two time points in a subsample of 50 % women –
once during the 3–6 months post-partum and second time – at
about 12 months post-partum. Information regarding resump-
tion of menstruation and introduction of complementary foods
was collected at each time point.

Customary medical care and nutrition advice were provided
to all the subjects. The women breast-fed as long as they
wished. They were advised to start energy-dense complemen-
tary foods at infant’s 6 months of age as per the WHO
guidelines.

Procedures

Anthropometry. Maternal weight was measured without
footwear to the nearest 0·1 kg on lever-type SECA balance
(Hamburg, Germany). Heights were measured to the nearest
0·1 cm with a stadiometer (SECA, Birmingham, UK). Infant’s
weight was measured with lever-type SECA mechanical baby
beam balance (Hamburg, Germany), and length was measured
with an infantometer made in-house at our Institute. Quality
control checks were carried out every 3 months.
Bone mineral density measurements. BMD measurements

were carried out using dual-energy X-ray absorptiometry (Holo-
gic QDR 4500 W, Waltham MA, USA) at anteroposterior
lumbar spine (L1–L4), hip and forearm as well as whole body
including body composition. All scans and analyses were carried
out according to the manufacturer’s instructions by a trained
technician. The scanner was calibrated daily and its performance
was monitored as per the quality assurance protocol. No sign of
scanner drift was observed during the study period.

The in vivo precision (CV %) was 1 % for lumbar spine and
hip BMD and ,1 % for whole-body bone mineral content
(BMC) measurements. Manufacturer’s normative data were
used as a reference range.

Biochemical parameters. A fasting blood sample was
drawn in the morning between 09.00 and 10.00 hours in all
the subjects and the estimations of biochemical parameters
were carried out using standard procedures. Hb was estimated
by the cyanmethaemoglobin method. Serum albumin(17),
serum tartrate-resistant acid phosphatase(18) and serum bone-
specific alkaline phosphatase(19) estimations were carried out
on the same day.

The serum was processed and preserved, and estimation of
serum calcium was done within a week of sample collection
using atomic absorption spectroscopy. Breast milk sample
(1–2 ml) was expressed manually into a sterile tube and calcium
levels were estimated using atomic absorption spectroscopy.

Dietary calcium intakes. Dietary calcium intakes were
estimated by 24 h recall method by a trained nutritionist.
The nutrient intakes were determined using published food
composition data(20).

Statistical analyses

SPSS Windows version 14.0 was used for statistical analysis.
Descriptive statistics were calculated for all the bone par-
ameters at different sites and time points, anthropometric
measurements of mother and offspring, nutrient intakes and
demographic variables like age and parity. Prevalences
were calculated at different points for biochemical parameters.
Z scores of height for age and weight for age were also calcu-
lated. Mean values of bone parameters at different time points
were compared by repeated-measures ANOVA with post hoc
test for each site. Per cent change from baseline was calcu-
lated as ((final value 2 baseline value) £ 100)/(baseline
value) for each bone parameter and site. Regression models
were built to study the relationship of per cent change in
BMD at different skeletal sites as dependent variables and
height, weight, age, parity, lean mass, fat mass, time of base-
line measurements since delivery and duration of post-partum
amenorrhoea as independent variables.

Results

A total of forty women were enrolled for the study. However,
thirty-six women completed follow-up till 18 months. The
reasons for loss to follow-up were a change of residence
(in two) and cessation of breast-feeding consequent to child’s ill-
ness (in two). Characteristics of the women who were lost to
follow-up were not different from those of the study women.
Some women had metal jewellery that interfered with the scan
area and thus the BMD measurements. The jewellery added
about 1 g of mineral and therefore such scans were not included
in the study. Therefore, whole-body measurements were avail-
able in thirty-two, lumbar spine measurements in thirty-five
and forearm measurements in twenty-eight women. Measure-
ments at the hip were available in all the women. The women
enrolled in the study lived in urban slums and belonged to the
low socio-economic group. All of them had singleton full-term
deliveries. Twenty-eight women had vaginal deliveries, where
as eight had Caesarean sections. The characteristics of the sub-
jects are presented in Table 1. It is important to note that these
women had their first child at 19 years of age, completed child-
bearing at 23 years and had a tubectomy done after the birth of
the index child (parity of 2·6). Maternal height, weight and
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birth weight of the babies were comparable to the data from the
low socio-economic group from India and much lower when
compared with well-nourished women and infants from the
west. The mean duration of post-partum amenorrhoea was
7 months with a wide variation.

Dietary intakes

Dietary intakes are presented in Table 2. There were no sig-
nificant differences in the nutrient intakes during early and
later part of lactation and therefore, pooled values are given
in Table 2. Diets were typically cereal based with very low
intake of protective foods such as milk and milk products,
flesh foods, fish, fruits and vegetables. Intake of all the
major nutrients was below the RDA(21) for lactating women.

Duration of breast-feeding

All the women except three breast-fed their infants throughout
the study period of 18 months. One stopped breast-feeding
after 6 months and two stopped after 1 year. Five women prac-
tised exclusive breast-feeding during the first 6 months post-
partum. Commonly, small sips of water and animal milk
feeds were offered during first 6 months, and semi-solid and
solid foods were offered in the second half of infancy.

Changes in bone and body composition parameters during
lactation

The baseline values of bone and body composition parameters
and changes at four time points during the post-partum period

are presented in Table 3 and Fig. 1. It may be observed that
different sites responded differently during the period of the
study. Femoral neck BMD showed a significant reduction at
6 months with partial recovery of BMD at 18 months. Changes
in femoral neck bone area (BA) and BMC during this period
were not statistically significant. Hip BMD reduced significantly
at 6 months with gradual recovery to the baseline value by
18 months. Hip BA did not show significant changes, whereas
hip BMC showed significant reduction at 6 months with return
to baseline at 12 months itself. Forearm BMD showed reduction
at 1 year with complete recovery by 18 months.

At lumbar spine, the loss of BMC and BMD at 6 months
post-partum was not statistically significant and there was a
significant improvement in these parameters at 12 and 18
months when compared with the baseline value. BA at
lumbar spine did not change during this period.

There was a significant reduction in whole-body BMC at
6 months with a gradual recovery by 18 months. Surprisingly,
maternal weight, lean mass and fat mass did not show signifi-
cant change in spite of prolonged lactation. Growth faltering
of infants was observed with progressive decline in weight
for age and length for age Z scores from 6 to 18 months.

Regression analysis

Regression models were constructed with per cent change in
BMD at 6 months at each skeletal site as dependent variable,
and baseline height, weight, lean mass, fat mass, age, parity,
time of baseline measurements since delivery and duration
of post-partum amenorrhoea as independent variables
(Table 4). It was observed that baseline lean mass was the
most important determinant of bone preservation or gain in
BMD at femoral neck, hip as well as whole body, explaining
27, 50 and 25 % of variance, respectively, whereas baseline
weight was the most important determinant of per cent gain
in lumbar spine and fat mass was the most important determi-
nant of per cent gain in forearm BMD explaining 18 and 19 %
of variance, respectively.

Biochemical parameters

The mean values of Hb, serum protein, serum albumin, serum
calcium and serum zinc were normal and did not change from
baseline during lactation. Serum phosphorus values reduced
when compared with the baseline, throughout the lactation
period (from 44 (SE 1) mg/l at baseline to 38 (SE 1) mg/l at 18
months, P,0·05). As expected, breast milk calcium values
showed significant reduction from baseline at 12 and 18
months (from 236 (SE 14) mg/l at baseline to 148 (SE 8) mg/l
at 18 months). Serum bone-specific alkaline phosphatase did
not show a significant change during lactation when compared
with the baseline value. On the other hand, serum tartrate-resist-
ant acid phosphatase showed a significant reduction during lac-
tation when compared with the baseline value (7·8 (SE 0·4) IU/l
at baseline to 5·7 (SE 0·5) IU/l at 18 months).

Discussion

This is the first study from India that investigates the
lactation-related bone changes among undernourished

Table 2. Dietary intakes of the study subjects (n 18)

(Mean values with their standard errors)

Intakes

Nutrients Mean SE RDA

Energy (kj) 7908 264 11610
Energy (kcal) 1890 63 2775
Proteins (g) 43·3 1·7 75
Fat (g) 39·0 3·1 45
Calcium (mg) 449 31 1000
Phosphorus (mg) 944 36
Vitamin A (retinol) (mg) 286 33 950
Thiamine (mg) 0·7 0·04 1·4
Riboflavin (mg) 0·6 0·03 1·5
Niacin (mg) 9·8 0·4 18
Fe (mg) 9·8 1·0 30
Folate (mg) 115 8 150

Table 1. Baseline characteristics of the study women (n 36)

(Mean values with their standard errors)

Mean SE

Age (years) 23·5 0·5
Age at first pregnancy (years) 19·0 0·4
Parity 2·6 0·1
Height (cm) 150·7 0·8
Weight (kg) 45·5 0·9
BMI (Kg/m2) 20·0 0·4
Birth weight (kg) 2·8 0·6
Duration of post-partum amenorrhoea (months) 7·0 0·8
Time since delivery at baseline scan (d) 16·0 0·9

Lactation-related bone changes in Indian women 1529
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women consuming diets with gross inadequacy of all the
important nutrients, especially calcium.

The overall nutritional status of the study women as indi-
cated by their height, weight, BMI and dietary intakes was
comparable to that reported by National Nutrition Monitoring
Bureau surveys, which are large-scale nutrition surveys of
the low socio-economic population from India(13). The mean
birth weight of their infants also corresponded to the mean
birth weight reported for the low-income group population
from India (Table 1).

The women breast-fed their babies throughout the study
period with inadequate complementary feeds. Early introduc-
tion of animal milk in small quantities may have reduced
the period of lactation amenorrhoea to 7 months in contrast
to the earlier studies reported from the same population
where it was 11 months(22). This practice of early introduction
of animal milk to infants may not have affected growth in the
first 6 months as indicated by their weight for age Z scores at
baseline and at 6 months, but it may have hastened the return
of menstruation. The effect of poor complementary feeding on
growth of infants was apparent after 6 months of age.

The mean values of bone parameters were much lower than
those reported for Western women of similar age group, indi-
cating poor bone health of the study women(7,12). When the

Table 3. Changes in maternal bone, body composition and biochemical parameters and infant growth during 18 months post-partum

(Mean values with their standard errors)

Baseline 6 months 12 months 18 months

Mean SE Mean SE Mean SE Mean SE P value

Femoral neck (n 36)
BA 4·12 0·10 4·20 0·10 4·19 0·11 4·20 0·10 0·535
BMC 3·01 0·09 2·91 0·07 2·91 0·07 2·99 0·06 0·151
BMD 0·73a 0·01 0·70b 0·01 0·70b 0·01 0·72c 0·01 0·000

Hip (n 36)
BA 27·02 0·38 27·15 0·41 27·25 0·38 27·38 0·42 0·494
BMC 20·758a 0·40 20·06b 0·39 20·41a 0·37 21·05a 0·39 0·000
BMD 0·77a 0·01 0·74b 0·01 0·75c 0·01 0·77a 0·01 0·000

Lumbar spine (n 35)
BA 47·62 0·71 47·72 0·74 49·71 1·63 49·05 0·76 0·105
BMC 38·44a 1·19 38·08a 1·18 41·93b 2·06 41·91b 1·18 0·000
BMD 0·80a 0·02 0·79a 0·02 0·83b 0·02 ·0·85c 0·01 0·000

Forearm (n 28)
BA 18·91 0·33 18·94 0·32 19·06 0·36 19·06 0·35 0·511
BMC 9·88 0·19 9·79 0·21 9·79 0·22 9·96 0·19 0·392
BMD 0·52a 0·01 0·52a 0·01 0·51b 0·01 0·52a 0·01 0·002

Whole body (n 32)
BA 1584 15·73 1570 15·45 1578 15·61 1585 15·41 0·085
BMC 1589a 24·65 1567b 25·91 1580ab 26·99 1602a 24·59 0·002
BMD 1·00ab 0·01 1·00a 0·01 1·00a 0·01 1·01b 0·01 0·027
Lean mass 30·04 0·43 29·86 0·42 29·78 0·39 30·00 0·41 0·491
Fat mass 12·73 0·62 12·90 0·70 12·21 0·76 12·15 0·74 0·112
Percentage fat 28·3ab 0·90 28·5a 1·01 27·3b 1·10 27·1b 1·07 0·025
Weight 45·8 0·95 45·4 1·01 45·0 1·07 44·6 1·14 0·180
Weight of infant 3·1 0·07 6·5 0·13 7·9 0·15 8·6 0·17
WAZ 20·9a 0·13 20·83a 0·15 21·58b 0·15 21·94c 0·15 0·020
Length of infant 50·6 0·36 65·4 0·53 72·8 0·50 77·4 0·58
LAZ 0·33a 0·17 20·20ab 0·20 20·54b 0·19 21·15c 0·21 0·027
BSAP 29·3 2·8 36·4 4·4 25·8 3·5 22·9 3·2 0·065
TRAP 7·8a 0·4 4·6b 0·4 4·9b 0·5 5·7b 0·5 0·000

BA, bone area in cm2, BMC, bone mineral content in g; BMD, bone mineral density in g/cm2; lean mass and fat mass in kg; weight and weight of
infant in kg; length of infant in cm; BSAP, serum bone-specific alkaline phosphatase in IU/l; TRAP, serum tartrate-resistant acid phosphatase in IU/l.
WAZ, weight for age Z score; LAZ, length for age Z score.

a,b,c Mean values within a row with unlike superscript letters were significantly different (P , 0·05).

Fig. 1. Bone mineral density (BMD) changes (per cent) at different skeletal

sites and whole body during 18 months post-partum; n 36 ( , femoral

neck; , hip), 35 ( , lumbar spine), 32 ( , whole body) and 28 ( ,

forearm). values are means, with standard errors represented by vertical bars.

There was a significant reduction in BMD at hip as well as the whole-body

bone mineral content (WB-BMC) at 6 months with complete recovery by 18

months. Femoral neck (FN) BMD reduced significantly at 6 months with a par-

tial recovery at 18 months. Forearm BMD reduced significantly at 12 months

with recovery at 18 months. Loss of lumbar spine BMD at 6 months was not

statistically significant and the BMD increased significantly at 12 and 18

months when compared with the baseline.
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changes in bone parameters were studied at 6, 12 and 18
months of lactation, it was observed that the women suffered
from a significant loss of BMD at femoral neck (4·6 % loss) at
6 months. There were no signs of recovery at 12 months, with
only a partial recovery at 18 months (Table 3; Fig. 1). This
finding is not in agreement with similar studies reported
from the west. Most of the Western studies reported restor-
ation of femoral neck BMD by 18 months post-partum(23,24).
On the other hand, loss of BMD at hip showed complete
recovery at 18 months in the present study.

The changes in BA and BMC at different skeletal sites
showed an interesting pattern. At the spine and total hip,
changes in BMC appear to determine the changes in BMD.
However, at the femoral neck and forearm, changes in BMD
appear to be the result of both an increase in BA and a
decrease in BMC, though these changes in BA and BMC
are not significant.

Surprisingly, at lumbar spine, no significant reduction in
BMD was observed at 6 months, despite the calcium drain
in breast milk. This is in contrast to virtually all the studies
reported in lactating women as none of these studies have
shown the preservation of lumbar spine BMD (LS-BMD) at
6 months of lactation(4 – 9). There was a wide variation in per
cent change in LS-BMD, with some women losing up to
6·7 % of BMD and some women gaining up to 16 % of
BMD at 6 months post-partum. Studies from the west indicate
that LS-BMD loss occurred even among women having high
dietary intake of calcium and shorter duration of lactation(5 – 7).
In the present study, LS-BMD showed a significant increase at
12 and 18 months when compared with the baseline value (3·6
and 6·3 %, respectively). Biochemical marker of bone resorp-
tion (serum tartrate-resistant acid phosphatase) showed a sig-
nificant reduction at 6 months, whereas bone-specific
alkaline phosphatase, which is a marker of bone formation,
did not show a significant change when compared with the
baseline. It was not possible to measure vitamin D and para-
thyroid hormone levels in the study participants. Vitamin D
insufficiency is associated with secondary hyperparathyroid-
ism and bone loss mainly from cortical sites, similar to the
changes observed in the present study(25 – 27). However, studies
investigating biochemical correlates of BMD changes
during lactation have shown that calcitrophic hormones such
as parathyroid hormone, 25-hydroxy vitamin D and 1,25-
dihydroxy vitamin D do not play a central role in calcium
mobilisation associated with bone loss of lactation(28,29).

The women in the present study were younger when com-
pared with the women from the Western studies. It may be
speculated that the absence of LS-BMD loss in the present

study may be because of an attempt to increase the BMD
for PBM acquisition at this young age. But this finding is in
contrast to a number of studies in adolescent mothers from
the west who had a loss of BMD at the hip and spine(30,31),
despite their young age. Western studies in well-nourished
adolescents have showed that they attained PBM shortly
after puberty(32,33) It needs to be explored whether undernutri-
tion delays the age at PBM consolidation in the Indian context.
It is known that undernutrition delays the attainment of adult
height to as late as 20 years(34). Studies investigating the age at
PBM development among undernourished populations in India
are not available. Cross-sectional data from this Institute
suggest that PBM may not be attained till 25–30 years of
age even among Indian population from high income group
with calcium intakes of about 800 mg/d(35). Different patterns
of change at different skeletal sites may be linked to the differ-
ences in the age at which PBM is attained at those sites.
Studies in Caucasian youth indicated that peak volumetric
BMD at femoral neck was reached much earlier than lumbar
spine in both men and women(36). A longitudinal study from
Sweden also corroborated these findings(37).

It is remarkable that despite poor dietary calcium intakes of
about 450 mg/d and breast milk calcium losses of about
200 mg/d, these women could resist bone loss at lumbar
spine at 6 months and could increase LS-BMD by more
than 6 % at 18 months. Lack of significant decline in BMD
at lumbar spine may reflect the delayed baseline measure-
ments (within 1 month post-partum, not within 0·5 month as
used by other studies) and hence, some decrease in BMD
may have been missed.

Changes in forearm BMD, whole-body BMC and whole
body BMD were transient and showed complete recovery at
18 months. It may be speculated that hormonal interplay and
metabolic adjustments in young undernourished women may
lead to an internal reorganisation of mineral in such a way
that lumbar spine is privileged.

Increased bone turnover in the hypo-oestrogenic phase of
post-partum amenorrhoea is known to be qualitatively similar
to menopause. But unlike menopause, when metabolically
active trabecular bone at lumbar spine shows rapid loss of
bone density, lactation was associated with significant increase
in lumbar spine BMD in the present study.

Surprisingly, in spite of prolonged lactation and poor diet-
ary intakes of almost all the nutrients including energy,
these women did not lose weight, lean mass or fat mass.
Data collected from the women showed that they probably
conserved energy by opting out of the labour force for a
period of 1–1·5 years.

Table 4. Regression models of per cent change in bone mineral density bone mineral density (BMD) at different skel-
etal sites at 6 months with height, weight, age, parity, duration of post-partum amenorrhoea, baseline fat mass and
lean mass, and time of baseline measurements since delivery as independent variables

Dependent variable Significant variables R R 2 P value

Percentage change in FN BMD at 6 months (n 36) Lean mass 0·52 0·27 0·002
Percentage change in hip BMD at 6 months(n 36) Lean mass 0·71 0·50 0·000
Percentage change in lumbar spine BMD at 6 months (n 35) Weight 0·42 0·18 0·013
Percentage change in whole body BMD at 6 months (n 32) Lean mass 0·50 0·25 0·003
Percentage change in forearm BMD at 6 months (n 28) Fat mass 0·44 0·19 0·01

FN, femoral neck.
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Regression analysis indicates that maternal weight and
specifically lean body mass explain major variation in BMD
changes at various skeletal sites among undernourished
women.

A higher weight may have a positive effect on bone density
by either bone-loading effect or it may be an indicator of
higher nutrient reserves available for utilisation during the
nutritionally demanding phase of lactation. Western studies
in well-nourished subjects have not reported the relationship
of maternal weight to the lactation-related bone changes.
It may be speculated that among undernourished populations
maintaining precarious nutrient balance, availability of nutri-
ent reserves becomes important for resisting lactation-related
bone changes.

Earlier studies from this Institute demonstrated that in
undernourished populations, nutritional status as indicated by
body weights and BMI is a major determinant of bone
health(15). The present study demonstrates that even during
dynamic phase of lactation characterised by hormonal changes
and increased calcium demand, nutritional status of women, as
indicated by weight, lean mass and fat mass, continuing to be
a major determinant of bone changes.

It is interesting to note that in the present study, lean body
mass was a major determinant of a preservation of BMD at
femoral neck, hip and whole-body BMC. Lean body mass is
known to be a major determinant of development and main-
tenance of BMD at the hip region(38). Muscle mass is the
major constituent of the lean body mass and the positive
effect of lean mass on BMD is thought to be mediated by
its bone-loading effect as well as osteogenic stimulation by
muscle force. It is remarkable that these functions of lean
mass continue to be important for preservation of bone density
at femoral neck and hip during lactation. Other studies have
not looked for these relationships. It would be important to
see the effect of different lean body mass values at a given
BMI on lactation-related bone changes.

The present study thus provides important information
regarding the lactation-related bone changes in young Indian
women from the low socio-economic group. The study is
unique with subjects having grossly inadequate intakes of
all the nutrients including calcium, prolonged breast-
feeding with little complementary foods and follow-up till
18 months post-partum. The results indicate that at the time
of building maternal PBM, maternal weight, lean body mass
and fat mass are important determinants of bone preservation
during lactation. The study raises important questions regard-
ing calcium balance in lactating women during the growth
phase and stimulates further research to explore the relevance
of nutrition to the bone changes during lactation.
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