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Due to little outdoor activity and low dietary intake of vitamin D (VD), Bangladeshi low-income women are at risk for osteoporosis at an early age.

The present study assessed the effect of VD, Ca and multiple micronutrient supplementation on VD and bone status in Bangladeshi young female

garment factory workers. This placebo-controlled 1-year intervention randomly assigned 200 apparently healthy subjects (aged 16–36 years) to

four groups: VD group, daily 10mg VD; VD and Ca (VD-Ca) group, daily 10mg VD þ 600 mg Ca; multiple micronutrient and Ca (MMN-Ca)

group, 10mg VD and other micronutrients þ 600 mg Ca; a placebo group. Serum 25-hydroxyvitamin D (S-25OHD), intact parathyroid hormone

(S-iPTH), Ca, phosphate and alkaline phosphatase were measured. Bone mineral density and bone mineral content were measured by dual-energy

X-ray absorptiometry. All measurements were made at baseline and at 12 months. Significantly (P,0·001) higher S-25OHD concentrations were

observed in the supplemented groups than in the placebo group after the intervention. Supplementation had an effect (P,0·001) on S-iPTH in the

VD-Ca and MMN-Ca groups compared with the placebo group. Bone mineral augmentation increased at the femur in the supplemented groups.

Supplementation with VD-Ca should be recommended as a strategic option to reduce the risk of osteomalacia and osteoporosis in these subjects.

MMN-Ca may have analogous positive health implications with additional non-skeletal benefits.

Calcium and vitamin D interventions: Bone mineral accretion: Female garment workers: Bangladesh

Osteoporosis is a growing concern in both developed and
developing countries. This situation is to some extent related
to the increased longevity of the population. In the developing
world, the growth of the general population as well as the life
expectancy of the elderly is increasing dramatically. Women
are four times more vulnerable to developing osteoporosis,
as it is one of the serious physiological consequences of meno-
pause. A decrease in the production of oestrogens during meno-
pause triggers an accelerated rate of bone loss in women.
Osteoporosis is a significant public health problem associated
with increased mortality and morbidity. Recent studies indicate
the growing prevalence of osteoporosis and osteoporotic
fractures in developing countries and suggest that the situation
be taken into account by improved health care planning(1).

Two major determinants of osteoporosis are adult peak
bone mass and the rate of bone loss during ageing.
Earlier studies have found that a high adult peak bone
mass is protective against late-life osteoporotic fractures(2,3).

Maximising peak bone mass during the first few decades of
life is currently seen as a major strategy in osteoporosis
prevention. Vitamin D (VD) is an important nutrient for
bone metabolism. Despite abundant sunlight, the prevalence
of hypovitaminosis D among women of reproductive age is
unexpectedly high in Asian countries, and this problem
remains a silent epidemic(4 – 8). Traditional concealment of
the body with clothes, limited outdoor activity, high pollution
levels and low dietary intake of VD and Ca may be the causes
of the situation.

Bangladeshi women suffer from chronic nutritional
deficiencies, especially in low-income families. The dietary
intake of Ca in Bangladeshi women is typically low and far
below recommended levels(9 – 11). Several studies indicate a
positive effect of Ca and VD on bone mineral accretion in
female adolescents and in young and postmenopausal
women with adequate habitual dietary intake of Ca(12 – 18).
Data are scarce on VD, Ca and multiple micronutrient
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supplementation and its influence on bone mineral accretion at
different sites in young premenopausal women accustomed to
very low dietary intakes of Ca.

The present study was designed to examine whether the use
of VD could affect VD status and bone mineral augmentation
in low-income women with low dietary intake of Ca and
whether more effective outcomes could be obtained using a
holistic approach combining VD or multiple micronutrient
with Ca. The effectiveness of these three treatment arms
was determined based on changes induced in VD status and
bone mineral accrual in the femoral neck and lumbar spine
over a 1-year intervention period.

Subjects and methods

Study setting and subjects

A total of 200 subjects aged 18–36 years were studied in the
Mirpur region of Dhaka city in central Bangladesh (latitude
208430 –268360N and longitude 88830 –92840E). The study set-
ting was in an export-oriented garment factory located in an
urban area belonging to Standard Group Bangladesh, which
maintains a high-quality working environment for its workers.
The participants were mainly young women from low-income
rural families who had migrated to the city for employment at
least 2 years earlier. Subjects live in an underdeveloped area
in low-cost accommodation close to their working place.
They work from dawn to dusk, 7 d/week, and wear concealing
clothing with only their hands and faces remaining uncovered.
The eligibility criteria for inclusion of subjects comprised 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 residing in the city
for at least 2 years.

Our first step was to contact the Chief Medical Officer of
the Standard Group to explain the purpose of the study and
to request his cooperation. We found him most co-operative.
The medical assistant of the Standard Group and our two
field assistants were also responsible for recruiting the sub-
jects. They explain the objectives of the study to the subjects
in an understandable way. Written informed consent was
obtained from both interested subjects and the authority of
the garment factory before initiating the study. The study pro-
tocol 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 guide-
lines of the University of Dhaka.

Study design

The study comprised a 1-year, double-blind, placebo-controlled,
randomised intervention trial. Participants were randomly
assigned to one of the four groups after their eligibility had
been determined at the screening; 200 women met all of the
inclusion criteria. The recruitment and randomisation pro-
cesses are presented in Fig. 1. Randomisation was performed
for equal-size blocks and carried out by a person who was not
involved in the project. The subjects received daily sup-
plements of 10mg of VD group, 10mg of VD þ 600 mg of
Ca as Ca-lactate (VD-Ca group), multiple micronutrients

with 10mg of VD þ 600 mg of Ca as Ca-lactate (MMN-Ca
group) or a placebo (placebo group).

The composition of supplements comprising oral Ca tablets
(‘G-Calcium’ from Gonoshasthaya Pharmaceuticals Limited,
Dhaka, Bangladesh), MMN tablets (‘Aristovit M’ from Bex-
imco Pharmaceuticals Limited, Dhaka, Bangladesh containing
fifteen micronutrients) and VD tablets (‘Minisun’ from Oy
Verman AB, Jarvenpaa, Finland) is shown in Table 1. Both
Ca and VD placebos were donated by the same companies
and were identical to the active tablets.

Subjects received their supplements daily from the field
assistants for 12 months. The field assistants arrived at the gar-
ment factory every day (7 d a week) before the lunch break.
Tablets were given to the subjects during their lunch break,
inside the garment factory under the close observation of the
field assistants. The field assistants always ensured that the
tablets were swallowed with a glass of water, and they main-
tained a written daily record of supplement consumption for
each subject. In case a subject was absent from work, sup-
plements were given to their colleagues to deliver to their
co-worker for consumption in the evening at home. The
total time that the subjects spent outdoors in the sunshine
was recorded daily.

On every working day, 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 blood samples were collected. Background
information, anthropometric and dual-energy X-ray absorptio-
metry measurements were carried out sequentially. Sup-
plementation was started (in April 2004) sequentially based
on completion of all measurements and continued for
12 months. We repeated the same process to collect the
follow-up data.

Laboratory measurements

Blood samples were collected between 08.30 and 10.00 hours
after an overnight fast. Five millilitres of venous blood were
drawn using disposable syringes protected from sunlight.
After clotting, the serum was separated by complete centrifuge
of the blood sample. The serum was collected in tubes and
preserved at 2208C. Finally, the serum samples were trans-
ported to Helsinki in a special container with dry ice and pre-
served in the freezing room of the Division of Nutrition,
Department of Applied Chemistry and Microbiology, Univer-
sity of Helsinki, at 2208C until analysis.

Serum 25-hydroxyvitamin D (S-25OHD) was used to evalu-
ate VD status. The concentration was determined by the
enzyme immunoassay method with kits from OCTEIA (IDS,
Boldon, UK). The laboratory is a partner of the VD External
Quality Assessment Scheme, (www.DEQAS.org.uk). The
intra-and inter-assay CV were 5·4 and 7·0 %, respectively.
Serum intact parathyroid hormone (S-iPTH) level was measured
with a commercial two-site immunoenzymometric assay
(OCTEIA, IDS), with 10–65 ng/l as a reference range. Intra-and
inter-assay CV for S-iPTH were 3·5 and 5·6 %, respectively.
Serum levels of alkaline phosphatase activity, Ca, phosphate
and creatinine were measured with an automated KoneLab
spectrophotometer (Thermo Clinical Labsystems Limited,
Espoo, Finland) using routine methods to obtain additional
information about VD status. The inter-and intra-assay CV for
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these analyses were less than 7·5 %. The laboratory analysis
was carried out at the Department of Applied Chemistry
and Microbiology. We defined VD deficiency as S-25OHD
levels , 25 nmol/l (reference range 25–120 nmol/l). We defined
secondary hyperparathyroidism as S-iPTH levels .65 ng/l.
Abnormally high values for serum variables were not included
in statistical analysis. The study was conducted from April 2004
to April 2005.

Bone mineral density measurements

The measurements of bone mineral content and bone mineral
density (BMD) of the left femur region and lumbar spine
L2–L4 vertebrae (in anterio-posterior projection) were col-
lected at the beginning and at the end of the study by a
single trained X-ray technician using dual-energy X-ray
absorptiometry DXA (Norland XR 36; Norland Corporation,
Fort Atkinson, WI, USA). The femoral region included the

Time Recruitment of 236 female garment workers aged 18–36 years from
Dhaka city during April 2004

No longer willing to participate (n 19), excluded by inclusion criteria
(n 17)

First visit: background, anthropometric data and blood samples, DEXA
(n 200)

Randomisation

Placebo
(n 50)

Lost job (n 8),
disliked tablet (n 2),

moved (n 3), no
special reason (n 2)

12 months Final visit: anthropometric data and blood samples, DEXA

Lost job (n 6),
disliked tablet (n 2),

moved (n 2) 

Lost job (n 4),
disliked tablet (n 2),

no special
reason (n 3)

Lost job (n 9),
disliked tablet (n 2),

became
pregnant (n 2)

VD
(n 50)

VD-Ca
(n 50)

MMN-Ca
(n 50)

Placebo
(n 35)

VD
(n 40)

Completed intervention

VD-Ca
(n 41)

MMN-Ca
(n 37)

Fig. 1. Flow chart of the number of subjects recruited and dropping out. DEXA, dual-energy X-ray absorptiometry; VD, vitamin D; VD-Ca, VD and Ca; MMN-Ca,

multiple micronutrient and Ca.

Table 1. Composition of supplements in the different groups

VD VD-Ca MMN-Ca

Vitamin D (mg) 10 10 10
Vitamin A (mg) – – 800
Vitamin E (mg) – – 10
Vitamin C (mg) – – 70
Thiamine (mg) – – 1·4
Riboflavin (mg) – – 1·4
Niacin (mg) – – 1·8
Vitamin B6 (mg) – – 1·9
Vitamin B12 (mg) – – 2·6
Folic acid (mg) – – 400
Ca (mg) – 600 600
Cu (mg) – – 2
Zn (mg) – – 15
Fe (mg) – – 30
Se (mg) – – 65
Iodine (mg) – – 150

VD, vitamin D; VD-Ca, vitamin D-Ca; MMN-Ca, multiple micronutrient-Ca.
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femoral neck, trochanter and Ward’s triangle. Calibration of
the measurement was performed using a spine phantom; the
inter-assay CV for the phantom was 0·45 %. Intra-assay CV
were determined 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

Anthropometric, socio-economic and background data were
collected at baseline and at the 1-year follow-up. A question-
naire was used to obtain information on level of education, age
at menarche, duration of residence in the city, daily time spent
outdoors, etc. Standing height was measured with a wall
mounted scale to the nearest 0·5 cm. Body weight was
measured without shoes and with light clothing on a portable
weighing scale to the nearest 0·5 kg. We used the classifi-
cations of BMI (weight (kg)/height (cm2)) recommended by
the WHO(19).

Statistical analysis

Statistical analyses were carried out with SPSS version 15.0 for
Windows (SPSS, Inc., Chicago, IL, USA). Univariate analyses
were performed for selected variables. The normal distribution
of variables was assessed with a Kolmogorov–Smirnov test. If
the data were not normally distributed, they were transformed
before further analysis. Repeated measures ANOVA was used
to detect the effect of supplementation on S-25OHD and
S-iPTH. The post hoc tests were performed with Tukey’s
honestly significant different test and Dunnett’s test. Bone data
and other selected variables were tested with both ANOVA
and analysis of covariance to show the effect of confounding

factors. Comparison of groups in analysis of covariance was
performed with contrasts, and for each analysis, covariates
are mentioned in the footnotes. All data are reported as
mean values and standard deviations; P,0·05 was considered
significant.

Results

Characteristics at baseline and at 1-year

Of the 200 subjects studied at baseline, 153 completed the
12-month intervention trial. A total of thirty-seven subjects
(18·5 %) dropped out for reasons unrelated to the study. The
number of subjects at various stages is shown in Fig. 1.
Short stature was highly prevalent in the subjects, and BMI
was close to the lower limit of the desirable range at both
baseline and post-supplementation(19). No significant differ-
ences emerged in socio-economic, most anthropometric
characteristics and daily time spent outdoors in the sunshine
between the supplemented groups at either baseline or post-
supplementation (all data not shown). A summary of the base-
line descriptive and biochemical characteristics of the study
population completing the trial is given in Table 2, and the
change in these characteristics after 1 year is shown in
Table 3. No significant group differences were present with
respect to physical activity and education levels.

Effect of supplementation on serum 25-hydroxyvitamin D and
intact parathyroid hormone

At baseline, 87 % of subjects had S-25OHD ,50 nmol/l,
which is generally considered the lower limit of the desired
range(20 – 21). S-25OHD levels ,25 nmol/l, indicative of VD
deficiency, were observed in twenty-two subjects in four

Table 2. Baseline characteristics of the randomly assigned groups

(Mean values and standard deviations)

Placebo (n 35) VD (n 40) VD-Ca (n 41) MMN-Ca (n 37)

Mean SD Mean SD Mean SD Mean SD P

Physical and biochemical characteristics
Age (years) 22·9 3·9 22·1 3·9 23·0 3·6 22·4 3·3 0·564
Weight (kg) 49·6 6·6 49·2 6·8 47·3 7·2 48·3 6·7 0·343
Height (cm) 150·9 5·6 149·5 5·4 149·1 4·4 149·7 4·7 0·281
BMI (kg/m2) 21·7 2·4 22·0 2·8 21·3 3·1 21·5 2·6 0·606
S-25OHD (nmol/l) 35·0 9·4 37·1 12·1 37·8 10·9 36·9 12·5 0·621
S-iPTH (ng/l) 23·7 13·5 21·6 10·8 25·2 11·4 22·0 9·5 0·367
S-Ca (mmol/l) 2·30 0·12 2·40 0·19 2·38 0·19 2·35 0·10 0·012
S-P (mmol/l) 1·51 0·70 1·18 0·23 1·21 0·46 1·13 0·18 0·000
S-ALP (U/l) 58·1 23·4 65·8 19·6 58·1 16·9 56·9 16·0 0·087
S-creatinine (mmol/l) 78·8 12·9 78·6 18·3 73·5 12·7 75·0 11·7 0·155

BMD (g/cm2) and BMC (g)
Femoral neck (g/cm2) 0·768 0·967 0·800 0·118 0·799 0·120 0·785 0·085 0·404
Femoral neck (g) 3·316 0·533 3·384 0·660 3·436 0·551 3·364 0·361 0·738
Femoral neck T-score 22·01 0·93 21·79 0·97 21·80 0·99 21·92 0·70 0·602
Trochanter (g/cm2) 0·619 0·082 0·634 0·097 0·625 0·105 0·742 0·893 0·479
Trochanter (g) 5·885 1·125 5·818 1·289 5·877 1·335 5·872 1·014 0·992
Ward’s triangle (g/cm2) 0·628 0·108 0·654 0·131 0·654 0·132 0·646 0·099 0·650
Lumbar spine L2–L4 (g/cm2) 0·891 0·101 0·898 0·113 0·895 0·138 0·889 0·111 0·982
Lumbar spine L2–L4 (g) 32·399 4·853 32·548 4·845 31·782 5·469 32·118 5·180 0·883
Lumbar spine T-score 21·675 0·628 21·530 0·920 21·659 0·860 21·712 0·707 0·679

VD, vitamin D; VD-Ca, vitamin D-Ca; MMN-Ca, multiple micronutrient-Ca; S-25OHD, serum 25-hydroxyvitamin D; S-iPTH, serum intact parathyroid hormone; S-Ca, serum Ca;
S-P, serum phosphate; S-ALP, serum alkaline phosphatase activity; BMD, bone mineral density; BMC, bone mineral content.
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groups, five in the placebo group, nine in the VD group, three
in the VD-Ca group and five in the MMN-Ca group. No sig-
nificant difference was seen in VD status among placebo and
supplemented groups at baseline. After the 1-year intervention,
significantly (P,0·001) higher S-25OHD concentrations were
observed in the supplemented groups than in the placebo
group (Table 3). During post-supplementation, seven subjects
in the placebo group were deemed VD-deficient (S-25OHD
level , 25 nmol/l), whereas no subjects were deficient in the
other groups. The mean concentrations of S-25OHD increased
in the VD group by 32·2 (SD 23·7) nmol, in the VD-Ca group
by 32·4 (SD 24·3) nmol and in the MMN-Ca group by 28·8
(SD 24·8) nmol, whereas in the placebo group the concentrations
only increased by 0·6 (SD 13·8) nmol.

The overall response in S-iPTH to supplementation was
significant (P,0·05) in the VD, VD-Ca and MMN-Ca
groups compared with the placebo group (Table 3). S-iPTH
showed a strong negative correlation with S-25OHD at
both baseline and follow-up (r 20·20, P¼0·005; r 20·28,
P¼0·001, respectively). Both baseline and post-intervention
data indicated that S-iPTH concentrations start to rise when
S-25OHD levels fall below 40 nmol/l.

Effect of supplementation on bone mineral content
and bone mineral density

Supplemented groups showed an increased femoral neck
BMD and bone mineral content compared with the placebo
group (analysis of covariance, P,0·001). Bone mineral
augmentation increased significantly at the femur after the
1-year supplementation (Table 3). We also observed a positive
effect of supplementation on BMD and bone mineral content
of the greater trochanter and Ward’s triangle compared with
the placebo group (analysis of covariance, P,0·05). No sig-
nificant difference was observed in BMD and bone mineral

content of the lumbar spine (L2–L4) of the subjects at
either baseline or the end of the study.

Discussion

VD is an integral part of Ca metabolism and bone mineralis-
ation. Numerous studies have reported an effect of VD sup-
plementation on VD and bone status among postmenopausal
women(12 – 14,18,22), and a few studies have examined the effect
of VD supplementation on VD and bone status among young
women of child-bearing age. Such studies are of particular
importance for low-income Bangladeshi women accustomed
to low dietary intake of Ca(9,11), as they wear concealing
clothes and have limited or no outdoor activities despite
living in a sunny country.

We have investigated the effect of supplementation on
S-25OHD levels and bone status among young women with
hypovitaminosis D resulting from an exclusive indoor lifestyle
and low dietary intake of VD. The dietary guidelines for
Americans recommend that groups at risk for VD deficiency,
including those exposed to insufficient UV radiation, people
with dark skin and older adults, should consume 25mg
(1000 IU) VD daily(23). Our data support VD and Ca supple-
mentation in premenopausal women with an exclusive
indoor lifestyle even in sunny countries such as Bangladesh.
Our study showed that VD and Ca supplementation in these
subjects is necessary to maintain normal S-25OHD levels, to
augment bone gain and to maintain normal S-iPTH concen-
trations. Administration of Ca and VD supplements is well
documented not only to inhibit bone resorption but also to
reduce fractures. A recent study in elderly care residents
revealed associations of supplementation of multiple micronu-
trients with increased S-25OHD levels, improved bone quality
and less falls and fractures, probably due to increased muscle
function(24). Our study indicated that low-income female

Table 3. Change from baseline characteristics after 1 year

Placebo (n 35) VD (n 40) VD-Ca (n 41) MMN-Ca (n 37)

Mean SD Mean SD Mean SD Mean SD P

Physical and biochemical characteristics
DWeight (kg) 0·3 3·6 1·4 2·8 0·6 3·0 0·4 2·3 0·380
DHeight (cm) 0·5 1·0 0·4 1·1 0·5 0·9 0·8 1·5 0·576
DS-25OHD (nmol/l) 0·5 13·8 32·1 23·6 32·4 24·3 27·9 24·8 ,0·001
DS-iPTH (ng/l) 25·1 14·1 25·9 12·8 212·1 10·7 210·6 7·8 0·020*
DS-Ca (mmol/l) 0·07 0·12 2 0·21 0·44 20·14 0·14 20·09 0·10 0·063
DS-P (mmol/l) 20·41 0·70 20·06 0·29 20·05 0·39 20·02 0·16 ,0·001
DS-ALP (U/l) 15·8 14·3 20·8 19·6 15·1 16·9 13·4 16·7 0·527**
DS-creatinine (mmol/l) 218·9 11·7 217·3 19·6 212·7 10·5 211·5 10·0 0·061

BMD (g/cm2) and BMC (g)
DFemoral neck (g/cm2) 20·010 0·012 0·012 0·028 0·013 0·030 0·017 0·027 ,0·001†
DFemoral neck (g) 20·075 0·146 0·061 0·205 0·069 0·174 0·086 0·117 ,0·001
DFemoral neck T-score 20·149 0·488 0·113 0·274 0·145 0·342 0·140 0·237 ,0·001
DTrochanter (g/cm2) 20·017 0·029 0·002 0·021 0·001 0·026 0·010 0·032 ,0·001
DTrochanter (g) 20·151 0·389 0·158 0·549 0·090 0·419 0·079 0·549 0·041
DWard’s triangle (g/cm2) 20·018 0·027 0·010 0·035 0·015 0·031 0·022 0·080 0·003
DLumbar spine L2–L4 (g/cm2) 20·003 0·049 0·013 0·036 0·010 0·042 0·015 0·032 0·205‡
DLumbar spine L2–L4 (g) 0·042 3·673 0·620 2·442 0·687 2·761 0·845 2·170 0·641
DLumbar spine T-score 20·016 0·418 0·018 0·943 0·074 0·323 0·094 0·282 0·827

VD, vitamin D; VD-Ca, vitamin D-Ca; MMN-Ca, multiple micronutrient-Ca; S-25OHD, serum 25-hydroxyvitamin D; S-iPTH, serum intact parathyroid hormone; S-Ca, serum Ca;
S-P, serum phosphate; S-ALP, serum alkaline phosphatase activity; BMD, bone mineral density; BMC, bone mineral content.

Mean values were significantly different with those of analysis of covariance using baseline value as covariate: *P¼0·020, **P¼0·527.
Mean values were significantly different with those of analysis of covariance using baseline value and D weight as covariates: †P,0·001, ‡P¼0·205.
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garment factory workers in Bangladesh are susceptible to
osteomalacia or osteoporosis even at premenopausal age due
to the high prevalence of hypovitaminosis D and a decreasing
trend of bone status. However, earlier studies have also shown
that declining levels of S-25OHD and increasing S-iPTH
concentrations can start to exert adverse effects on bone
mass before middle age by inducing endocortical bone
resorption. The manufacture of garments is the main industry
in Bangladesh, employing nearly two million young female
workers. To the best of our knowledge, no study has reported
the effect of VD supplementation on VD and bone status
among Bangladeshi low-income young working women.

Research to date has indicated a direct relationship between
VD and BMD as VD playing an active role in bone mineral-
isation(8,25 – 27). Several studies have described an association
of higher concentrations of S-25OHD with higher bone
mineral parameters. Our results support these relationships.
The improvement in VD status following supplementation
observed here may be sufficient to promote bone health of
the femoral neck. Research has generally indicated the
threshold of S-25OHD levels to vary from 70 to 95 nmol/l
for beneficial effects on bone metabolism in adults and the
elderly(21,28,29), whereas some studies have observed a positive
effect on bone status in adolescents when the mean S-25OHD
is .50 nmol/l(16). Based on our results, the following obser-
vations were made: compared with the placebo group, a
2-fold increase in S-25OHD levels and a significant decrease
in S-iPTH levels occurred in the supplemented (VD, VD-Ca
and MMN-Ca) groups. Our findings are consistent with the
significant improvement in bone mass in the femoral neck in
the supplemented groups of young women. Some studies
have indicated that it may take 12 months or more to observe
any significant changes in bone status. We therefore believe
that the result could have been different for the lumbar
spine (L2–L4) had we continued supplementation for an
additional 1 or 2 years. Secondly, the complexity of studying
the effects of supplementation on the lumbar spine are sub-
jected to misinterpretations since the subjects must be
measured in exactly the same geometric position at baseline
and after supplementation.

Due to some technical limitations, we could not measure the
dietary intake of Ca despite 3 d food records being completed.
Moreover, dietary intake of VD was not taken into account,
as the present food composition database does not include
VD. We believe, however, that dietary intake of Ca should
be considered when adequate VD status is defined(21). Bone
biochemical markers could also provide us with additional
information on VD and bone status.

Conclusions

Our study confirms the benefit of supplementation with VD
and Ca in underprivileged Bangladeshi premenopausal women
with hypovitaminosis D and low bone status. Supplementation
with VD and Ca or multiple nutrients significantly improves
the VD status in these individuals and also increases the
femoral neck BMD status. As the prevalence of multiple sub-
clinical micronutrient deficiencies is very high in low-income
Bangladeshi women, supplementation with multiple nutrients
including VD and Ca is probably the better option. Achieve-
ment of optimal VD status and increased bone status in

these subjects is anticipated to have future positive health
implications alleviating strain on the health care system by
reducing morbidity associated with osteoporosis and other
VD deficiency-related health problems.

Acknowledgements

The present study was supported by research grants of the
Development Fund of the Academy of Finland. We thank
Beximco Pharmaceuticals Limited, Dhaka, Bangladesh, for
providing MMN and Gonoshasthaya Pharmaceuticals Limited,
Dhaka, Bangladesh, for Ca preparations. The authors are
grateful to officials of the directory board of the Standard
Garments Factory for their tireless help throughout the
study. The 153 volunteer subjects who completed the study
are thanked for making this research possible. M. Z. I. and
C. L.-A. designed the study, secured funding and participated
in carrying out the study. M. Z. I. was the principal investi-
gator of the study, providing guidance in data collection and
participating in data entry, statistical analysis and writing the
manuscript. A. A. S. contributed to field data collection and
writing of the manuscript. C. L.-A. checked the manuscript
and approved the final version. H. T. V. participated in statisti-
cal analysis and interpretation. M. A., A. H. J., H. U. K. and
F. A. A.-A. contributed to field data collection. None of the
contributing authors had any financial or personal conflicts
of interest.

References

1. Cooper C, Campion G & Melton LJ (1992) Epidemiology of

osteoporosis and osteoporotic fractures. Epidemiol Rev 7,

178–208.

2. Prince RL (1997) Diet and the prevention of osteoporotic frac-

tures. N Engl J Med 337, 701–702.

3. Eastell R (1998) Drug therapy: treatment of postmenopausal

osteoporosis. N Engl J Med 338, 736–746.

4. Islam MZ, Lamberg-Allardt C, Kärkkäinen M, et al. (2002)
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tive dose-response effect of vitamin D supplementation on

site-specific bone mineral accretion in adolescent girls: a

double-blinded randomized placebo-controlled one year inter-

vention. J Bone Miner Res 21, 836–844.

17. Barnes MS, Robson PJ, Bonham MP, et al. (2006) Effect of vitamin

D supplementation on vitamin D status and bone turnover markers

in young adults. Eur J Clin Nutr 60, 727–733.

18. Zhu K, Devine A, Dick IM, et al. (2008) Effects of calcium and

vitamin D supplementation on hip bone mineral density and

calcium-related analytes in elderly ambulatory Australian

women: a five-year randomiszed controlled trial. J Clin

Endocrinol Metab 93, 743–749.

19. World Health Organization (2000) The Asia Pacific Perspective

– Redefining Obesity and its Treatment. Sydney: International

Diabetes Institute, Health Communications Australia.

20. Vieth R (1999) Vitamin D supplementation, 25-hydroxyvitamin

D concentrations and safety. Am J Clin Nutr 69, 842–856.

21. Lips P (2004) Which circulating level of 25-hydroxyvitamin D

is appropriate? J Ster Biochem Mol Biol 89, 611–614.

22. Cooper L, Clifton-Bligh PB, Nery ML, et al. (2003) Vitamin D

supplementation and bone mineral density in early postmeno-

pausal women. Am J Clin Nutr 77, 1324–1329.

23. Johnson MA & Kimlin MG (2006) Vitamin D aging and 2005

dietary guidelines for Americans. Nutr Rev 64, 410–421.

24. Grieger JA, Nowson CA, Jarman HF, et al. (2009) Multivitamin

supplementation improves nutritional status and bone quality in

aged care residents. Eur J Clin Nutr 63, 558–565.

25. Aguado P, del Campo MT, Garcés MV, et al. (2000) Low

vitamin D levels in outpatient postmenopausal women from

rheumatology clinic in Madrid, Spain: their relationship with

bone mineral density. Osteoporosis Int 11, 739–744.

26. Mezquita-Raya P, Munoz-Torres M, Luna J, et al. (2001)

Relation between vitamin D insufficiency, bone density and

bone metabolism in healthy postmenopausal women. J Bone

Miner Res 16, 1408–1414.

27. Suda T, Ueno Y, Fujii K, et al. (2003) Vitamin D and bone.

J Cell Biochem 88, 259–266.

28. Chapuy Preziosi P, Maamer M, Arnaud S, et al. (1997) Preva-

lence of vitamin D insufficiency in an adult normal population.

Osteoporos Int 7, 439–443.

29. Dawson-Hughes B, Heaney RP, Holic MF, et al. (2005) Esti-

mates of optimal vitamin D status. Osteoporos Int 16, 713–716.

Micronutrient supplementation & hypovitaminosis D 247

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114510000437  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114510000437

