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CHRONIC VITAMIN D DEFICIENCY
may lead to osteomalacia and/or osteo-
porosis, with an increased risk of fragil-
ity fractures.1 In Australia, with its
multicultural population, a resurgence
of vitamin D deficiency has been noted
recently.2 While there are reports of
abnormalities in vitamin D metabolism
in Muslim women,3,4 there are no pub-
lished data on fracture rates, bone mass
measurements or bone turnover rates in
this cohort. We aimed to determine the
effect of vitamin D deficiency on bone
turnover in Muslim women.

METHODS
1.Methods

Participants

Muslim women aged 20–65 years were
invited to participate in our study
through a pamphlet questionnaire,
which was distributed in shopping cen-
tres and mosques in south-western Syd-
ney in November 1999 to April 2000.
We used a simple format with “yes or
no” answers to obtain details about
their (i) dress (whether they were veiled
during daily outdoor activities), (ii) sun
exposure (defined as more or less than
60 minutes of daily, outdoor sunlight
exposure per week), and (iii) menopau-
sal status. They were also asked to
donate venous blood and to collect an
early-morning, two-hour urine sample
for analysis. Recruitment was under-
taken during the summer months.

We excluded from the study women
who refused phlebotomy, had chronic
medical disorders or were receiving
medications that could interfere with
bone turnover. Informed consent was
obtained from all participants. Our

study conformed with the National
Statement on Ethical Conduct in
Research Involving Humans (National
Health and Medical Research Council
Guidelines).5

Biochemical analysis

■ Serum calcium, phosphate and alkaline
phosphatase were measured by standard
autoanalyser methods.
■ Vitamin D status was determined by
measuring serum 25-hydroxyvitamin D
(25OHD) concentrations (Incstar, Still-
water, Minnesota, USA; coefficient of

variation [% CV], 6% at 33 nmol/L,
with 10 nmol/L being the lower detecta-
ble limit of the assay). “Severe” vitamin
D deficiency was defined as a serum
25OHD level < 30 nmol/L.
■ Serum parathyroid hormone (PTH)
level was measured by Immulite (Diag-
nostic Products Corporation, Los
Angeles, California, USA; % CV, 5% at
5 pmol/L). Hyperparathyroidism was
def ined as a serum PTH level
> 7.5 pmol/L.
■ Urinary deoxypyridinoline (DPYD)
excretion rates, a non-invasive marker of
bone resorption, were measured by
chemiluminescence immunometric
assay (Diagnostic Products Corpora-
tion; % CV, 12% at 26 nmol/mmol cre-
atinine). High bone turnover was
defined as a urinary DPYD excretion
rate > 6.5 nmol/mmol creatinine.

Reference ranges for all biochemical
values were those for white women aged
17–45 years.
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ABSTRACT

Objective:  To measure bone turnover in Muslim women with vitamin D deficiency.

Design:  A cross-sectional study of a random sample of Muslim women aged 20–65 
years, evaluated over a 6-month period from November 1999 to April 2000.

Setting and participants:  146 women living in an urban community in south-
western Sydney with adequate opportunities for sun exposure.

Main outcome measures:  Bone turnover as measured by urinary 
deoxypyridinoline (DPYD) excretion rates; and vitamin D status as determined by 
25-hydroxyvitamin D (25OHD) levels, serum calcium levels and parathyroid 
hormone (PTH) concentrations.

Results:  We analysed data on 119 Muslim women (mean [SEM] age, 46.6 [1.1] 
years) who met the inclusion criteria. There were 81 (68.1%) women with serum 
25OHD levels < 30 nmol/L (defined as “severe” vitamin D deficiency). Fifty-five 
(46.2%) women had evidence of high bone turnover (urinary DPYD excretion 
> 6.5 nmol/mmol creatinine). The women with “severe” vitamin D deficiency had 
significantly higher serum PTH levels (7.3 [0.3] v 5.4 [0.5] pmol/L; P = 0.001) and 
higher urinary DPYD excretion (7.2 [0.3] v 5.4 [0.2] nmol/mmol creatinine; 
P = 0.003) than women with serum 25OHD levels � 30 nmol/L. No significant 
differences were seen in their ages, menopausal status or serum calcium and 
phosphate measurements. The risk of developing high bone turnover was 
significantly greater in the women with “severe” vitamin D deficiency (relative 
risk = 5.52; 95% CI, 2–14.8; �2 = 12.95; P = 0.0003).

Conclusion:  High bone turnover occurs in Muslim women with vitamin D 
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Statistical analysis

All values are expressed as mean (SEM),
and, where appropriate, 95% CIs are
given. Comparisons between women
with severe vitamin D deficiency and
those with serum 25OHD levels
� 30 nmol/L, and between women with
high bone turnover and those with uri-
nary DPYD excretion rates � 6.5 nmol/
mmol creatinine, were made using
analysis of variance; �2 analysis was used
to determine the risk of high bone turn-
over in women with “severe” vitamin D
deficiency. Multiple regression tech-
niques were used for age adjustment and
to determine the level of serum 25OHD
at which hyperparathyroidism and high
bone turnover developed.

RESULTS
1.Results

One hundred and nineteen of 146 Mus-
lim women met the inclusion criteria.
Seven women refused phlebotomy, 12
had chronic medical disorders, and eight
were taking medications that could
interfere with bone turnover. Their
mean age was 46.6 (1.1) years, with 49
(41.2%) being postmenopausal. Eighty-
nine (75%) were veiled and 50 (42%)
stated that they were exposed to more
than 60 minutes of sunlight per week.

Eighty-one women (68.1%) showed
evidence of “severe” vitamin D defi-
ciency (Box 1). The women with severe
vitamin D deficiency had significantly
higher serum PTH levels (7.3 [0.3] v
5.4 [0.5] pmol/L; P = 0.001) and higher
urinary DPYD excretion rates (7.2
[0.3] v 5.4 [0.2] nmol/mmol creatinine;
P = 0.003) than women with serum
25OHD levels � 30 nmol/L. No signifi-
cant differences were seen with respect
to their ages, menopausal status, and
serum calcium, phosphate and alkaline
phosphatase levels. Wearing a veil or the
amount of sunlight exposure did not
correlate with serum 25OHD levels.

Fifty-five (46.2%) Muslim women
were found to have elevated urinary
DPYD excretion rates. These women
had significantly lower serum 25OHD
(18.9 [1.2] v 31.5 [1.8] nmol/L;
P = 0.001) and higher serum PTH (8.5
[0.9] v 5.9 [0.3] pmol/L; P = 0.003)
levels than women with a urinary
DPYD excretion rate �6.5 nmol/mmol
creatinine. After controlling for age and

menopausal status, the risk of develop-
ing high bone turnover was significantly
greater in women with severe vitamin D
deficiency (relative risk = 5.52; 95% CI,
2–14.8; �2 = 12.95; P = 0.0003).

Hyperparathyroidism occurred in 46

(38.6%) women. Box 2 shows the corre-
lations between serum 25OHD levels
and PTH levels, and urinary DPYD
excretion rates. An elevation in urinary
DPYD excretion occurred when the
serum 25OHD level was <30 nmol/L.

2: Relationship between serum 25-hydroxyvitamin D (25OHD) levels and 
parathyroid hormone (PTH) levels, and urinary deoxypyridinoline 
(DPYD) excretion rates in Muslim women
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1: Distribution of serum 25-hydroxyvitamin D (25OHD) levels in Muslim 
women, classified by age

The hatched box represents women with serum 25OHD levels between 30 and 50nmol/L, while 
the shaded box represents women with “severe” vitamin D deficiency (serum 25OHD levels 
<30nmol/L).
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DISCUSSION
1.Discussion

In a cohort of “healthy” Muslim women
living in an urban Sydney community,
we found severe vitamin D deficiency in
68%, hyperparathyroidism in 38.6%
and high bone turnover in 46%.

In white women, vitamin D defi-
ciency has been shown to correlate with
low bone mass and to often be present
in those with hip fractures.6 Biochemi-
cal evidence of hyperparathyroidism has
been reported in white women with
serum 25OHD levels < 30 nmol/L.7 In
our study, serum 25OHD level was the
most important predictor of serum
PTH level. In Lebanese women, a grad-
ual increase in PTH level has been
found, with lower serum 25OHD levels
below 25 nmol/L.3

The importance of high bone turn-
over, as measured by the new non-
invasive markers of bone turnover, has
been confirmed in large clinical trials.8

Urinary DPYD excretion rate is a sen-
sitive marker of bone resorption and
has been shown to correlate signifi-
cantly with serum 25OHD levels and
fracture risk.9 In our study, Muslim
women had a 5.5-times greater risk of
developing high bone turnover if severe
vitamin D deficiency was evident. A

gradual increase in urinary DPYD
excretion rate was observed in women
with lower serum 25OHD levels below
30 nmol/L. A similar relationship
between vitamin D deficiency and uri-
nary DPYD excretion rate has been
found in other studies.10

The aetiology of vitamin D deficiency
in our cohort was multifactorial beyond
a lack of ultraviolet light exposure, with
dietary differences and skin pigmenta-
tion affecting UV absorption being
other possible factors. However, neither
lack of sunlight exposure nor veiling
correlated with serum 25OHD levels.
Our questionnaire, with only a “yes or
no” format, was very simplistic. More
detailed studies are required to unravel
the cause of the vitamin D deficiency in
this cohort.

In conclusion, we have shown that
high bone turnover, as demonstrated by
elevated urinary DPYD excretion rates,
occurs in Muslim women with vitamin
D deficiency. Detailed studies evaluat-
ing bone densitometry and fracture risk
in this cohort are needed.
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