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The manufacture of garments is the main industry in Bangladesh and employs 1·6 million female workers. Due to the indoor lifestyle and low

dietary intake of calcium, we hypothesised that they are at risk of low vitamin D and bone mineral status. Two hundred female garment workers

(aged 18–36 years) were randomly selected. Serum 25-hydroxyvitamin D (S-25OHD), serum intact parathyroid hormone (S-iPTH), serum calcium

(S-Ca), serum phosphate (S-P) concentration and serum alkaline phosphatase activity (S-ALP) were measured from fasting samples. Bone indexes

of hip and spine were measured by dual-energy X-ray absorptiometry. The mean S-25OHD (36·7 nmol/l) was low compared to that recommended

for vitamin D sufficiency. About 16 % of the subjects were found to be vitamin D-deficient (S-25OHD , 25 nmol/l). We observed a high preva-

lence (88·5 %) of vitamin D insufficiency (S-25OHD , 50 nmol/l) as well as a significant inverse relationship between S-25OHD and S-iPTH

(r 20·25, P#0·001). A decrease in S-25OHD (,38 nmol/l) and an increase in S-iPTH (.21 ng/l) was associated with progressive reduction in

bone mineral density at the femoral neck and lumbar spine. According to the WHO criteria, the mean T-score of the femoral neck and lumbar

spine of the subjects were within osteopenic range. We observed that subjects with a bone mineral density T-score , 22·5 had a trend of lower

values of BMI, waist–hip circumference, mid-upper-arm circumference, S-25OHD and higher S-iPTH and S-ALP. The high prevalence of hypo-

vitaminosis D and low bone mineral density among these subjects are indicative of higher risk for osteomalacia or osteoporosis and fracture.

25-Hydroxyvitamin D: Bone mineral density: Vitamin D status: Female garment workers: Bangladesh

Osteoporosis is a disease in which the density of bone is
decreased with a consequent increase in bone fragility and sus-
ceptibility to fracture risk. Women are four times more likely
than men to develop this disease. Osteoporosis has profound
implications for an individual and for the economics of
society. Although the exact mechanisms that lead to osteo-
porosis are not fully understood, two major determinants are
known: peak bone mass during childhood and adolescence,
and the rate of bone loss during ageing(1).

Indeed, some studies have related growth in infancy and
childhood to the later risk of hip fractures(2). An adequate
supply of vitamin D is important to maximise bone mineral
gains during puberty, as up to 50 % of the total adult bone
mass is accrued at this age of life(3). Vitamin D plays an integral
role in bone mineralisation by promoting calcium absorption in
the small intestine, and aids in maximising skeletal health from
birth to death(4). Vitamin D prevents rickets in children and
osteomalacia in adults. Vitamin D deficiency during puberty

can negatively impact calcium balance and availability for
mineralisation of bone as well as aggravate age-related bone
loss in adults(5). Bones can become thin, brittle, soft or missha-
pen in subjects with vitamin D deficiency. Experts now define a
safe circulating minimum level of 25-hydroxyvitamin D at
70–80 nmol/l(6). This serum level and high levels of dietary
intake of vitamin D have been associated with significantly
reduced risk of chronic diseases, such as osteoporosis, CVD,
diabetes and some cancers(7).

It is hard to believe the prevalence of vitamin D deficiency in
a tropical country such as Bangladesh, where sunlight is abun-
dant almost year-round. However, recent studies have reported
a high prevalence of vitamin D deficiency, low dietary intake of
calcium (,300 mg/d), and deficiencies in protein, energy and
other micronutritients in Bangladeshi women(8 – 12). Due to
malnutrition, short stature and low body weight, Bangladeshi
women in low-income groups could be at risk for low
bone mass, osteoporosis and fracture(13 – 15). Bharadwaj et al.
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indicated that South Asian women reach menopause at an
earlier age than do Caucasian women, and osteopenia and osteo-
porosis may also occur at a younger age(16). However, no data
are available on the prevalence of osteoporosis and fracture in
the population of Bangladesh.

The export-based garment industries in Bangladesh are
dominated by female labour and have employed more the
1·5 million young women of low socio-economic standing.
These young women typically work 14–16 h/d in an over-
crowded, congested and poorly ventilated sub-standard
environment. Due to their homebound lifestyle, with very
little or no outdoor activity, and their low dietary intake of
calcium and vitamin D coupled with skin pigment and fre-
quent use of sunscreen, female garment factory workers may
be at great risk for low vitamin D status and low bone mass.
Their low levels of serum 25-hydroxyvitamin D (S-25OHD)
are associated with a rise in intact parathyroid hormone
(S-iPTH), which may adversely affect on bone mass. How-
ever, the level of S-25OHD at which S-iPTH starts to rise in
this group is unknown.

The present study was designed to evaluate vitamin D status
and bone parameters by using dual-energy X-ray absorptio-
metry (DEXA) and to determine the influence of nutritional
status on bone mass. We studied the subjects to determine
whether there is a relationship between levels of S-25OHD
and S-iPTH and bone mass at the hip and spine.

Subjects and methods

Subjects

The present study was conducted in an export-oriented gar-
ment factory located in an urban area belonging to Standard
Group Bangladesh, which maintains a high-quality working
environment for its workers. The garment factory is situated
in Mirpur in the city of Dhaka in a modern from multistoreyed
building with good working facilities. A total of 200 subjects
aged 18–36 years were randomly selected from the garment
factory. The subjects of the present study were mainly
young women from low-income rural families who migrated
to the city for a job at least 2 years earlier. They live in
low-cost accommodation with no indoor supply of water, no
sanitary latrines and densely packed sleeping arrangements
because of their low income and other liabilities. They work
from dawn to dust, 7 d/week, and use covered-up style dresses
‘Shari or Salwar’ but their faces and hands remain uncovered.
The eligibility criteria to include the subjects in the present
study was no history of serious medical conditions, no history
of medication known to affect bone metabolism, no current
pregnancies, no lactation within the previous 3 years, and
lived in the city for at least 2 years. In our previous studies,
we experienced difficulties in carrying out a study among
low-income subjects with low education levels. Consequently,
our first approach was to contact the Chief Medical Officer of
the Standard Group, to explain the purpose of the study and to
ask for their co-operation. We found him most co-operative.
We contacted the subjects through the Chief Medical Officer
and explained to them the objectives of the study in an under-
standable way, and asked for their written consent to partici-
pate. The medical assistant of the Standard Group and our
two field assistants also involved themselves in motivating

the subjects. The subjects received a lucrative compensation
for their loss of one day’s work, which greatly encouraged
them to participate in the study. Using this approach, the
response rate was over 90 %. In Bangladesh, women, particu-
larly in low-income groups, are very much afraid of giving
blood samples. Therefore, blood samples were collected
first. On weekly working days, a small group of about ten
subjects were brought in a minibus to the Centre for Nuclear
Medicine and Ultrasound, Sir Salimullah Medical College,
Mitford, Dhaka, where the background information, anthropo-
metric and DEXA measurements were carried out sequen-
tially. The time subjects spent outside daily was recorded.
The study was approved by the ethics committee of the
Faculty of Agriculture and Forestry, University of Helsinki.
During the field study in Bangladesh, we also followed the
ethical guidelines of the University of Dhaka.

Laboratory measurements

Fasting blood samples were collected between 08.30 and
10.00 hours through venepuncture using disposable syringes
protected from sunlight. After clotting, the serum was separ-
ated by complete centrifuge of the blood sample. The serum
was collected in tubes and preserved at 2208C. Finally, the
serum sample was transported to Helsinki in a special type
of container with dry ice and preserved in the freezing room
of the Division of Nutrition, Department of Applied Chemistry
and Microbiology, University of Helsinki at 2208C until
analysis.

S-25OHD was used to evaluate the vitamin D status.
The S-25OHD concentration was determined by the
enzyme-immunoassay method with kits from OCTEIA (IDS,
Boldon, UK). The intra- and inter-assay CV were 5·4 and
7·0 %, respectively. The S-iPTH level was measured with a
commercial two-site immunoenzymometric assay (OCTEIA)
with 10–65 ng/l as reference range. Intra- and inter-assay
CV for iPTH were 3·5 and 5·6 %, respectively. Serum levels
of alkaline phosphatase activity (S-ALP), calcium (S-Ca),
phosphate (S-P) and creatinine were measured with an auto-
mated KoneLab spectrophotometer (Thermo Clinical Labsys-
tems Ltd, Espoo, Finland) using routine methods to obtain
additional information about vitamin D status. The inter-
and intra-assay CV for these analyses were less than 7·5 %.
The laboratory analysis was carried out at the Department of
Applied Chemistry and Microbiology. We defined vitamin D
deficiency as S-25OHD levels , 25 nmol/l and the reference
range was 25–120 nmol/l for adults. We defined secondary
hyperparathyroidism as S-iPTH levels .65 ng/l. The abnor-
mally high values of serum variables were not included for
statistical analysis. The study was conducted from April to
May 2004. In fact, no difference in sunshine during this
period existed that could substantially affect vitamin D status.

Bone mineral density measurements

The measurements of bone mineral content (BMC) and bone
mineral density (BMD) of the left femur region and lumbar
spine L2–L4 vertebrae (in anterio-posterior projection)
were made by a single trained X-ray technician using
DEXA (Norland XR 36; Norland Corp., Fort Atkinson,
WI, USA). The femoral region includes the femoral neck,
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trochanter and Ward’s triangle. Calibration of the measure-
ment was performed using a spine phantom, the inter-assay
CV for the phantom was 0·45 %. Intra-assay CV were deter-
mined with duplicate measurements of ten subjects. CV for
BMD in the left femur and lumbar vertebrae were 0·71 and
1·45 %, respectively.

Other data

A questionnaire was used to collect information on height,
weight, age at menarche, length of living in the city, daily
time spent outdoors, etc. As the study was carried out in a
Muslim community of Bangladesh, we considered the accept-
ability of the anthropometric measurements to the subjects.
We measured height, weight, biceps, triceps skinfolds, mid-
upper-arm circumference (MUAC); head, waist and hip
circumference, and found it difficult to measure the thickness
of suprailiac and subscapular skinfolds as these measurements
would have hurt their religious integrity. Standing height was
measured with a wall-mounted scale to the nearest 0·5 cm.
Body weight was measured without shoes and with light cloth-
ing on a portable weighing scale to the nearest 0·5 kg. We used
the classifications of BMI (weight (kg)/height (cm2)) rec-
ommended by the WHO(17). A Harpenden calliper was used
to measure skinfold thickness, and a measuring tape was
used for the measurements of MUAC, head, waist and hip
circumference.

Statistical analyses

The statistical analysis was completed using SPSS version
12.0 (SPSS Inc., Chicago, IL, USA). Data are presented as
means and standard deviations. Group comparison was made
by the t test. Correlation between variables was estimated by
using Pearson’s coefficient of correlation. The association
between S-25OHD and S-iPTH concentrations was studied
both by linear and non-linear regression models. The determi-
nants of S-25OHD and S-iPTH concentrations were studied in
the regression models. Age, BMI, S-25OHD, S-ALP, S-Ca
and S-P were used in the regression models to study the deter-
minants of S-iPTH concentration. The relationships of
S-25OHD and S-iPTH with femoral and lumbar BMD were
studied by the Mann–Whitney rank-sum test and ANCOVA.
P values,0·05 were considered significant.

Results

A summary of the descriptive and biochemical characteristics
of the study population is given in Table 1. A high prevalence
of short stature and low BMI was observed in the study, which
emphasises the vulnerability of this group to malnutrition.
About 90 % of the subjects were originally from rural low-
income families and migrated to the city in search of a job.

Of note, more than 99 % of the subjects studied had an
S-25OHD level below the lower limit of the desirable range
of 75–125 nmol/l(18). A S-25OHD level of 50 nmol/l or
higher can be considered appropriate(19). The mean S-25OHD
level (36·7 nmol/l) was below this safe lower reference limit.
According to Lips’s and Vieth’s classification, vitamin D
deficiency was mild (S-25OHD level 25–50 nmol/l) in 141
(70·5 %) subjects, moderate (S-25OHD level 12·5–24 nmol/l)

in thirty (15 %) and severe (S-25OHD level , 12·5 nmol/l) in
one subject (0·5 %)(19,20). Several cut-off points were used to
describe the prevalence of vitamin D inadequacy in the study
population (Fig. 1). Age and BMI did not correlate with
S-25OHD (r 2 0·004 and 0·002, respectively), S-25OHD associ-
ated negatively with S-iPTH and S-ALP concentrations
(r 20·25, P#0·001 and r 20·22, P#0·05, respectively). A
negative association was observed between S-25OHD and S-
Ca concentration (r 20·20, P#0·05) as well. None of the sub-
jects had S-25OHD level above the normal range. One subject
exhibited an abnormally high level of S-iPTH (450 ng/l) with
vitamin insufficiency and one subject had secondary hyperpar-
athyroidism (S-iPTH level .65ng/l).

To study the determinants of S-iPTH concentration, the fol-
lowing variables were used in the regression models: age,
BMI, S-25OHD, S-Ca and S-P concentrations. The model
explains 19 % of the variance in the S-iPTH concentration.
S-25OHD, S-Ca and S-P associated negatively with the
S-iPTH concentration, S-ALP associated positively with the
S-iPTH concentration, and age also tended to do so. BMI
did not associate with the S-iPTH concentration.

In the linear regression analysis, one unit increase in the
S-25OHD concentration on the In scale decreased S-iPTH
levels on the In scale by 0·298 units (P¼0·014). In addition

Table 1. Descriptive and biochemical characteristics of the study popu-
lation (n 200)

(Mean values and standard deviations)

Mean SD Range

Age (years) 22·6 3·7 18–38
Weight (kg) 48·6 6·8 33–74
Height (cm) 149·8 5·0 135–164
BMI (kg/m2) 21·6 2·7 15·8–30·4
Bicep skinfold (mm) 4·6 1·6 2·1–14·2
Tricep skinfold (mm) 11·4 3·5 4·7–21·2
MUAC (cm) 24·5 2·6 15·0–31·0
Waist circumference (cm) 72·3 6·9 57–95
Hip circumference (cm) 89·5 6·8 71–107
S-iPTH (ng/l) 23·1 11·4 1·8–67·3
S-25OHD (mmol/l) 36·7 11·2 11·3–83·5
S-ALP (U/l) 59·7 19·4 28–156
S-Ca (mmol/l) 2·36 0·16 1·90–3·40
S-P (mmol/l) 1·26 0·46 0·61–3·24
Serum creatinine (mmol/l) 76·49 14·28 43–160
BMD (g/cm2) and BMC (g) at different sites

Femoral neck (g/cm2) 0·788 0·106 0·465–1·147
Femoral neck (g) 3·375 0·535 1·743–5·289
Trochanter (g/cm2) 0·624 0·0893 0·346–0·924
Trochanter (g) 5·863 1·189 3·032–9·465
Ward’s triangle (g/cm2) 0·645 0·118 0·297–1·042
Femoral neck T-score 21·883 0·908 24·57–1·36
Lumbar spine L2 (g/cm2) 0·871 0·116 0·283–1·248
Lumbar spine L2 (g) 9·617 1·689 1·898–15·640
Lumbar spine L3 (g/cm2) 0·909 0·123 0·336–1·270
Lumbar spine L3 (g) 11·161 1·989 4·473–18·360
Lumbar spine L4 (g/cm2) 0·898 0·120 0·334–1·293
Lumbar spine L4 (g) 11·444 1·848 3·485–16·370
Lumbar spine

L2–L4 (g/cm2)
0·894 0·116 0·323–1·222

Lumbar spine L2–L4 (g) 32·222 5·074 9·857–47·750
Lumbar spine T-score 21·6444 0·784 25·19–2·78

BMC, bone mineral content; BMD, bone mineral density; MUAC, mid-upper-arm cir-
cumference; S-ALP, serum alkaline phosphatase activity; S-Ca, serum calcium;
S-iPTH, serum intact parathyroid hormone; S-25OHD, serum 25-hydroxyvitamin
D; S-P, serum phosphate.
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to the linear model, a non-linear regression model was fitted
between S-25OHD and S-iPTH concentrations (Fig. 2).
Based on the relationship between S-25OHD and S-iPTH con-
centrations, the plateau for the S-iPTH concentration
was reached at 21 ng/l (21·4 ng/l ¼ 20·8 ng/l þ 186·3 £

exp(20·150 £ 38 nmol/l)]. We observed that S-25OHD
concentrations higher than about 38 nmol/l were required to
keep S-iPTH concentrations low. Of the 200 females in the
present study, 118 (59 %) showed S-25OHD concentration
equal to or lower than 38 nmol/l.

BMD was overall low at all sites (Table 1). According to
the WHO criteria, the mean T-scores of the femoral neck
and lumbar spine of the subjects were within osteopenic
range(21) and the prevalence of osteopenia in the subjects
was predominantly high (.80 %). Based on the T-scores
of the left femur and lumbar spine, the prevalence of osteo-
penia (T-score , 21·0) was similar, but we observed a
significant difference in the prevalence of osteoporosis
(T-score , 22·5) (Fig. 3). We observed that subjects with a
T-score , 22·5 had a trend of lower body weight, waist–
hip circumference, MUAC and S-25OHD levels, and higher
S-iPTH and S-ALP levels. There was no difference in age
in the subjects with T-scores .22·5 and , 22·5. The bio-
logical characteristics of the study population, according to
T-scores above and below 2·5 at the femoral neck and
lumbar spine are shown in Table 2. A significantly lower
lumbar spine BMD was observed in the subjects (P,0·05)
with higher S-iPTH concentrations (.21 ng/l). In addition,
we observed a trend of progressive increase in femoral neck
and lumbar spine BMD (Table 3) with high S-25OHD concen-
trations (.38 nmol/l).

To study the influence of BMI values on bone parameters, we
divided the subjects into three groups based on the WHO’s
recommended criteria of BMI for Asians(17). The study subjects
were categorised based on BMI values of , 18·5 (group A),
18·5–22·9 (group B) and $23 (group C). In the present
study, we observed the influence of BMI on bone parameters
(P,0·005); the values related to bone mass were signifi-
cantly higher in group C than in group A for most of the
bone parameters (Table 4). The mean T-scores both at
the femoral neck and lumbar spine for all three groups were
within the osteopenic range or closer to the osteoporotic
range, although selected subjects were between 18 and 36
years of age.

Discussion

We have investigated the effect of exclusive indoor working
lifestyle on vitamin D status and BMD parameters of premeno-
pausal female garment factory workers. We observed in
detail the association between S-25OHD, S-iPTH and bone
mass in this population group. The investigation showed a

Fig. 1. Prevalence of vitamin D inadequacy in subjects: the percentage of

subjects with serum 25-hydroxyvitamin D (S-25OHD) concentrations below

predefined cut-offs of , 25, , 40, , 50 and , 60 nmol/l.

Fig. 2. Association between serum 25-hydroxyvitamin D (S-25OHD) and

serum intact parathyroid hormone (S-iPTH) concentrations in a non-linear

regression model.

Fig. 3. Prevalence of osteopenia and osteoporosis in subjects: T-scores as

defined by WHO (osteopenia T-score , 21; osteoporosis T-score , 22·5,

sex- and race-controlled young adults). A, T-score of the femoral neck; B,

T-score of the lumbar spine.
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Table 2. Comparison of the physical and biochemical characteristics of the subjects with T-score values above and below 22·5 at femoral neck and
lumbar spine

(Mean values and standard deviations)

Femoral neck T-score Lumbar spine T-score

.22·5 ,22·5 .22·5 ,22·5

Mean SD Mean SD P value Mean SD Mean SD P value

Cases 150 50 178 22
Age (years) 22·8 3·6 21·8 3·7 0·076 22·7 3·7 21·1 2·5 0·012
Weight (kg) 49·3 7·1 46·3 5·1 0·003 48·9 6·9 46·5 5·8 0·095
Height (cm) 149·9 5·1 149·7 4·8 0·875 149·9 5·0 149·0 5·2 0·441
BMI (kg/m2) 22·0 2·8 20·6 2·4 0·002 21·7 2·7 20·9 2·8 0·237
Bicep skinfold (mm) 4·6 1·6 4·6 1·8 0·950 4·6 1·6 4·7 1·9 0·908
Tricep skinfold (mm) 11·4 3·5 11·4 3·5 0·926 11·5 3·5 11·1 3·5 0·640
WC (cm) 72·7 7·1 71·2 6·0 0·114 72·5 7·0 70·5 5·4 0·125
HC (cm) 90·0 7·1 87·9 5·9 0·040 89·7 7·0 87·5 5·5 0·091
MUAC (cm) 24·7 2·6· 24·8 2·4 0·042 24·7 2·5 23·3 2·7 0·022
S-25OHD (nmol/l) 37·6 11·4 34·3 10·2 0·067 36·6 10·6 35·7 10·9 0·404
S-iPTH (ng/l) 23·2 11·3 24·8 11·9 0·788 22·7 10·9 26·0 14·9 0·215
S-ALP (U/l) 58·7 19·3 62·5 19·7 0·247 58·5 18·2 69·3 26·5 0·016
S-Ca (mmol/l) 2·36 0·15 2·35 0·18 0·802 2·35 0·15 2·41 0·23 0·151
S-P (mmol/l) 1·23 0·43 1·33 0·57 0·260 1·25 0·47 1·28 0·45 0·817
Serum creatinine (mmol/l) 77·4 14·8 73·5 12·2 0·064 77·7 14·4 71·7 12·4 0·071

HC, hip circumference; MUAC, mid-upper-arm circumference; S-ALP, serum alkaline phosphatase activity; S-Ca, serum calcium; S-iPTH, serum intact parathyroid hormone;
S-25OHD, serum 25-hydroxyvitamin D; S-P, serum phosphate; WC, waist circumference.

Table 3. Differences in femoral neck and lumbar spine bone mineral parameters, and physical and biochemical vari-
ables in the subjects divided into two categories according to serum 25-hydroxyvitamin D (S-25OHD) concentration
(#38 or .38 nmol/l)

(Mean values and standard deviations)

S-25OHD (nmol/l)

#38 (n 118) . 38 (n 82)

Mean SD Mean SD P value

BMD (g/cm2) and BMC (g)
Femoral neck (g/cm2) 0·776 0·108 0·804 0·102 0·070
Femoral neck (g) 3·329 0·534 3·441 0·533 0·149
Femoral neck T-score 21·965 0·944 21·764 0·844 0·126
Trochanter (g/cm2) 0·618 0·090 0·633 0·087 0·237
Trochanter (g) 5·792 1·209 5·965 1·158 0·313
Ward’s triangle (g/cm2) 0·638 0·118 0·656 0·117 0·275
Lumbar spine L2 (g/cm2) 0·859 0·111 0·890 0·120 0·063
Lumbar spine L2 (g) 9·55 1·611 9·990 1·737 0·009
Lumbar spine L3 (g/cm2) 0·895 0·118 0·929 0·128 0·055
Lumbar spine L3 (g) 10·906 1·905 11·524 2·062 0·031
Lumbar spine L4 (g/cm2) 0·884 0·111 0·918 0·129 0·050
Lumbar spine L4 (g) 11·264 1·734 11·700 1·981 0·101
Lumbar spine L2–L4 (g/cm2) 0·880 0·110 0·913 0·122 0·050
Lumbar spine L2–L4 (g) 31·526 4·814 33·215 5·296 0·020
Lumbar spine T-score 21·708 0·796 21·551 0·763 0·165

Physical and biochemical characterics
Age (years) 22·5 3·8 22·6 3·47 0·988
BMI (kg/m2) 21·4 2·7 21·9 2·8 0·364
Bicep skinfold (mm) 4·6 1·7 4·6 1·6 0·935
Tricep skinfold (mm) 11·3 3·3 11·6 3·8 0·526
Waist circumference (cm) 72·1 6·9 72·6 6·9 0·622
S-iPTH (ng/l) 24·7 12·0 20·8 10·1 0·014
S-25OHD (nmol/l) 29·3 6·0 47·33 8·1 0·000
S-Ca (mmol/l) 2·34 0·15 2·39 0·17 0·039
S-P (mmol/l) 1·32 0·57 1·16 0·20 0·018
S-ALP (U/l) 61·7 20·2 56·7 17·9 0·069
Serum creatinine (mmol/l) 75·9 13·1 77·3 15·8 0·527

BMC, bone mineral content; BMD, bone mineral density; S-ALP, serum alkaline phosphatase activity; S-Ca, serum calcium; S-iPTH,
serum intact parathyroid hormone; S-P, serum phosphate.
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high prevalence (86 %) of hypovitaminosis D (S-25OHD , 50
nmol/l) in the study subjects, 16 % of whom were found to have
vitamin D deficiency (S-25OHD , 25 nmol/l). Based on the
association between S-25OHD and S-iPTH concentrations,
however, the situation was also critical: about 60 % of the
subjects showed insufficient vitamin D status.

In the present study, we noted that the subjects had a regular
exposure to sunshine (5–15 min/d), only in the very early
morning on their way from home to their working place. It is
a popular perception that being outdoors in the summer for
10–15 min, two to three times in a week, is sufficient for
effective vitamin D production in the skin(4). However, the
present study indicated the exposure to sunshine may be not
effective enough for synthesis of vitamin D in the skin.
The possible reasons could be low intensity of the sun in
the morning or the shaded sunshine of an overcast sky, or sha-
dows of tall buildings and trees, upright position of the sub-
jects, the high pollution in the air, covered-up-style dresses
as well as their dark skin which necessitate the need for pro-
longed exposure for adequate synthesis of vitamin D in the
skin. In addition, we observed that nearly 90 % of the
female garment workers use sunscreen on their face and
hands, which are generally exposed to sunlight. Despite the
abundant sunlight, previous studies have also reported a
high prevalence of vitamin D deficiency in South Asian
countries(13,22 – 26). In fact, a comparison of the present find-
ings on serum vitamin D data with other studies may not be
entirely appropriate as the studies were conducted in different
seasons, with different subjects groups and using different
assays. We had no control group in the present study to com-
pare the findings. However, in line with earlier findings, the
present study also indicated an alarmingly high prevalence
of hypovitaminosis D in Bangladeshi women(9 – 12).

Vitamin D deficiency may cause secondary hyperparathyr-
oidism and low BMD in post-menopausal women(27,28). The
present findings in young women do not agree with it and
comply with the report that low S-25OHD does not always

lead to an increase in the level of S-iPTH(29). In the present
study, one in 200 participants had hyperparathyroidism
(S-iPTH . 65 ng/l), which fails to explain why S-iPTH was
increased in subjects with low S-25OHD concentrations.

The negative relationship between S-25OHD and S-iPTH
has more often been used to establish the appropriate
S-25OHD level. Substantial studies found that S-25OHD con-
centrations from about 30 to 125 nmol/l are required to main-
tain a normal S-iPTH level(18,29 – 31). In the present study, we
observed that S-iPTH began to rise when S-25OHD was
lower than 38 nmol/l. In the long run, S-25OHD concen-
trations lower than 38 nmol/l may adversely affect the BMD
of the subjects. The inverse relationship between S-25OHD
and S-iPTH in the present subjects confirms hypovitaminosis
D and its ultimate effects, such as low BMD. In fact, there
is no universally accepted optimal range or cut-off value for
S-25OHD available to define vitamin D deficiency or insuffi-
ciency. Secondly, the demarcation line between vitamin D
sufficiency and insufficiency is not clearly defined. A
recent report mentioned a reference range of S-25OHD
(135–225 nmol/l) to indicate vitamin D sufficiency in the
normal subjects of sunny countries(18). Interestingly, no sub-
ject was found with an S-25OHD level above even the
lower reference limit of these criteria.

Hypovitaninosis D is a common risk factor for increased
bone remodelling and low bone mass(20).

Subclinical vitamin D deficiency is considered to be a risk
factor for osteoporosis and fractures(32). In the present study,
we observed a trend of progressive increase in femoral neck
and lumbar spine BMD with high S-25OHD concentrations
(.38 nmol/l). In addition, S-25OHD showed a very significant
and positive (P,0·001) influence on the BMD of Trochanter
and Ward’s triangle. Different investigators showed the
relationship between S-25OHD and BMD at different skeletal
sites(25,33 – 36). Our explanation for this discrepancy in the
association between skeletal site BMD and S-25OHD could
be linked to differences in the sample size, the criteria for

Table 4. Bone variables at different sites in three groups, categorised based on BMI values for Asian people

(Mean values and standard deviations)

BMD (g/cm2) and BMC
(g) at different sites

Group A (n 24)
(BMI , 18·5 kg/m2)

Group B (n 110) (BMI
18·5–22·9 kg/m2)

Group C (n 64)
(BMI $ 23 kg/m2)

Mean SD Mean SD Mean SD P value* P value†

Femoral neck (g/cm2) 0·735 0·128 0·785 0·0985 0·815 0·104 0·102 0·005
Femoral neck (g) 3·204 0·601 3·345 0·492 3·495 0·569 0·724 0·071
Femoral neck T-score 22·340 1·065 21·896 0·869 21·675 0·867 0·086 0·006
Trochanter (g/cm2) 0·554 0·080 0·681 0·605 0·649 0·087 0·651 1·000
Trochanter (g) 5·331 1·179 5·866 1·105 6·093 1·280 0·132 0·022
Ward’s triangle (g/cm2) 0·577 0·105 0·643 0·114 0·676 0·119 0·039 0·001
Lumbar spine L2 (g/cm2) 0·802 0·148 0·856 0·094 0·925 0·117 0·093 0·000
Lumbar spine L2 (g) 8·741 1·861 9·337 1·365 10·419 1·854 0·299 0·000
Lumbar spine L3 (g/cm2) 0·839 0·139 0·893 0·108 0·908 0·123 0·124 0·000
Lumbar spine L3 (g) 10·233 1·785 10·857 1·759 12·038 2·173 0·442 0·000
Lumbar spine L4 (g/cm2) 0·833 0·141 0·882 0·105 0·951 0·118 0·187 0·000
Lumbar spine L4 (g) 10·714 2·095 11·127 1·603 12·272 1·906 0·906 0·000
Lumbar spine L2–L4 (g/cm2) 0·826 0·140 0·878 0·099 0·946 0·115 0·113 0·000
Lumbar spine L2–L4 (g) 29·691 5·545 31·321 4·292 34·729 5·282 0·397 0·000
Lumbar spine T-score 21·852 1·304 21·764 0·621 21·360 0·725 1·000 0·024

BMC, bone mineral content; BMD, bone mineral density.
* Group A v. group B.
† Group A v. group C.
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sample selection, ethnicity, country of origin and the dietary
intake of calcium and vitamin D. Secondly, the correlation
observed by different authors between S-25OHD and BMD at
different degrees and skeletal sites could also support the fact
that S-25OHD is one of the important factors that affect
BMD. However, the present data showed the relationship
between S-25OHD and BMD at two sites, and emphasised
the effect of S-25OHD on BMD. This indicates that subclinical
vitamin D deficiency in these subjects could be responsible for
low BMD.

The association of BMI and weight to BMD and BMC is
well documented. In the present study, we studied bone par-
ameters in relation to the nutritional status of the subjects
and observed that nutritional status (weight, BMI) is an
important determinant of bone health. In the present investi-
gation, BMI value and weight were found to influence signifi-
cantly (P,0·005) all of the bone parameters studied. We
observed a significantly increasing trend in BMD and BMC
values at all skeletal sites with increasing BMI (Table 4).
The prevalence of T-scores , 22·5 was predominantly high
in the subjects with low BMI. About 13 % of the subjects
were found with BMI , 18·5, indicating their chronic
energy deficiency. They were all at risk for fracture with
T-scores far below the osteoporotic range.

No adequate data exist concerning low S-25OHD levels and
bone health in premenopausal women. Data have shown that
Asian women have lower BMD than Caucasian women(37 – 39).
In the present subjects, overall BMD at all sites was lower
(Table 1) than in other Asian, European and American sub-
jects(40 – 42). We observed a similarity in the BMD profile of
the present subjects to the bone status of Indian women from
low-income families and hospital staff(13,25). Vietnamese
females of similar height showed no difference in BMD at the
femoral neck(37). The present subjects were a homogeneous
group because they were working in a similar occupational set-
ting, were developmentally similar in terms of skeletal inte-
gration and because they came from low-income families. Due
to the narrow age range, we found no influence of age on the
BMD and BMC of the subjects.

Reports indicated that due to low bone mass, early meno-
pause and other underlying causes, osteoporotic fractures
occur 10–20 years earlier among the South Asians than
among western Caucasians(13,43). Studies have indicated that
the intake of calcium in Bangladeshi women is very low
(,300 mg/d)(8,11). Low calcium intake, coupled with long
periods of elevated calcium requirements as well as high
prevalence of vitamin D insufficiency and low peak bone
mass could be the underlying causes of the present status of
BMD in the subjects of the present study. Low peak bone
mass could lead to a high risk of osteoporosis in adult life.

Conclusion

The present investigation provides a database on BMD in
female garment workers of Bangladesh. The results indicate
a high frequency of S-25OHD insufficiency/deficiency and a
high risk of low bone mass which could be related with
osteomalacia or osteoporosis as DEXA measurements
cannot distinctively differentiate between these two. The
study also provides a negative influence of undernutrition on
bone mass. Due to the similar lifestyle, occupation, social

background, living and working environment shared by
more than 1·5 million female garment workers of Bangladesh,
this situation could be a serious concern. Therefore, both
health professional and health policy makers should pay atten-
tion quickly to this ‘silent epidemic’ and take active measures
to educate young Bangladeshi women about the importance of
vitamin D and bone health. Refraining from the use of sunsc-
reen, regularly spending 10–15 min outdoors in the sunshine
(especially during lunch time), adequate calcium intake,
proper nutrition and exercise are strongly recommended to
combat both primary and secondary risk factors for low
BMD in this population at risk. The results suggest that a
clinical trial to improve vitamin D and BMD status and to
minimise osteoporotic risk is essential in this population
group in Bangladesh.
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