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High Prevalence of Hypovitaminosis D in
Morocco: Relationship to Lifestyle, Physical

Performance, Bone Markers, and Bone Mineral Density
Fadoua Allali, MD,* Sihame El Aichaoui, MD,† Hamza Khazani, MD,†

Boubker Benyahia, MD,† Bouchra Saoud, MD,† Saâd El Kabbaj, MD,‡

Rachid Bahiri, MD,§ Redouane Abouqal, MD,¶ and
Najia Hajjaj-Hassouni, MD�

Objectives: We undertook this study to determine the prevalence of hypovitaminosis D, its deter-
minants, and its relationships to physical performance, serum parathyroid hormone (PTH) con-
centration, bone mineral density, and biochemical markers of bone turnover in healthy, ambula-
tory, pre- and postmenopausal women.
Methods: The group studied included 415 women aged 24 to 77 years. Between July and Sep-
tember, we assessed calcium intake and measured serum calcium, phosphorus, albumin, alkaline
phosphate, 25-hydroxyvitamin D (25(OH)D), PTH, osteocalcin, and C-terminal cross-linking
telopeptide of Type I collagen. We also measured bone mineral density (BMD) by dual-energy
radiograph absorptiometry in the spine and total femur. Three tests were used to assess physical
performance: timed get-up-and-go test, 5-times-sit-to-stand test, and 2.4 m speed walk.
Results: The prevalence of vitamin D insufficiency (�30 ng/mL) was 91%. In multiple logistic regres-
sion, the main determinants of hypovitaminosis D were age �55 years (OR 2.14 [95% IC, 1.1-4.1;
P � 0.026)], wearing a veil [OR 2 (95% IC, 1.1-4; P � 0.04)], time spent outdoors less than 30 min/d
[OR 2.8 (95% IC: 1.4-5.7; P � 0.003)], and daily calcium intake less than 700 mg [OR 2.39 (95% IC,
1.2-4.7; P � 0.01)]. A significant inverse correlation between 25 OH and osteocalcin (r � �0,18, P �
0001), 25 OH, and Type I collagen (r � �0,15, P � 0003) were observed. By Locally Weighted
Regression and Scatterplot Smoothing technique, there was an increase in PTH level when
S-25(OH)D was below 30 ng/mL. After adjustment for age, both spine BMD and total femoral BMD
failed to show any significant correlation with serum 25(OH)D and PTH. There was no correlation
between any physical performance tests and 25(OH)D levels.
Conclusions: Our study showed that during the summer season, vitamin D insufficiency is very
common in healthy adult Moroccan women. Lack of sun exposure and veiled clothing style were
the most important factors that influenced hypovitaminosis D. Patients with hypovitaminosis D
had a high bone turnover, whereas there was no effect on BMD and physical performance. Further
research is needed to evaluate the clinical impact of the above findings.
© 2008 Elsevier Inc. All rights reserved. Semin Arthritis Rheum xx:xxx
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itamin D deficiency causes rickets in children and
myopathy, osteopenia, secondary hyperparathy-
roidism, and osteomalacia in adults. Vitamin D in-

ufficiency, which corresponds to a smaller decrease of 25-
ydroxyvitamin D (25(OH)D) than vitamin D deficiency,
ay lead to secondary hyperparathyroidism. Moreover, vi-

amin D insufficiency may increase postural instability
hrough increased body sway and muscle weakness and re-
uced ability to counteract falls, further increasing the risk of
racture (1-3). The repletion of vitamin D stores by dietary
upplementation has been shown to decrease levels of para-
hyroid hormone (PTH) and increase bone mineral density
BMD) of the lumbar spine and hip (4,5).

Sunlight exposure is by far the most important source of
itamin D (6,7). Hence, limited skin exposure to sunlight is
resumed to be the cause of vitamin D deficiency (8-10).
he reports of a greater prevalence of the disease in the north-

rn regions of China where the intensity of summer ultravi-
let (UV) light is less than in the south further suggest that
itamin D deficiency is simply the consequence of inade-
uate exposure of the skin to the sun. Regarding this signif-
cant role of sunlight in vitamin D synthesis, it is quite logical
o suggest low prevalence of vitamin D deficiency in tropical
ountries. However, studies performed in the preceding 2
ecades have shown a high prevalence of vitamin D defi-
iency in tropical countries such as Turkey, India, Iran, and
audi Arabia (9,11-13). UV-B radiation depends on many
actors, for instance latitude, season and time of day sunlight
xposure (8-16).

Sunlight is abundant in Morocco throughout the year.
owever the extent of solar-UV exposure is determined

rimarily by lifestyle rather than outdoor UV irradiance.
e have already shown that in Moroccan postmeno-

ausal women, wearing an Islamic veil or traditional
lothing style covering arms, legs, and head, was an inde-
endent factor for increasing osteoporosis risk (17). The

nfluence of clothing style on vitamin D status has been
he subject of a few studies (18-21). In a study on multi-
ational subjects in the United Arab Emirates (22), mean
erum 25(OH)D was 21.5 nmol/l in United Arab Emir-
tes, 31.5 nmol/l in non-gulf Arabs, and 160.5 nmol/l in
uropeans. In this study, wearing a veil was an indepen-
ent predictor of hypovitaminosis D.
Because of the absence of any data on the vitamin D

tatus in the general adult Moroccan population, we un-
ertook this study to determine the prevalence of hypo-
itaminosis D, its determinants, and its relationships to
hysical performance. PTH concentration, BMD, and
iochemical markers of bone turnover in healthy, ambu-

atory pre- and postmenopausal women were measured.

ETHODS

ubjects

etween June and August, 415 healthy Moroccan volun-
eer women were recruited from the city of Rabat through

dvertisements in local hospitals. Informed consent was i
btained from all subjects and the study was approved by
he Ethics Committee of our university hospital. We ex-
luded from the study all patients with a history of the
ollowing: (1) taking drugs known to influence bone me-
abolism in the past 2 years, such as vitamin D, calcium,
orticosteroids, bisphosphonates, and hormone replace-
ent therapy; (2) musculoskeletal, thyroid, parathyroid,

drenal, hepatic, or renal disease; (3) malignancy; and (4)
ysterectomy.

ata Collection and Measurements

ach patient completed a questionnaire on sociodemo-
raphic parameters and osteoporosis risk factors. Infor-
ation regarding veil use was recorded. The definition of

eil was that of a concealing clothing, ie, a clothing style
ot only limited to the Islamic dressing habits but also

ncluding the Moroccan traditional clothing, which cov-
rs most of the body including the arms, legs, and head.

e also collected data related to age at menopause, the
ime since menopause, the number of pregnancies, and
he personal history of peripheral osteoporosis fractures
including proximal femoral fractures).

nthropometric Data

eight and height were measured without clothes or
hoes at the time of bone densitometry measurements.
he body mass index (BMI) was calculated as body
eight (kg)/height (m2).

hysical Performance Measures

hree measures to assess physical performance were used:
imed get-up-and-go test (TGUG), 5-times-sit-to-stand
est (TSTS), and 2.4 m speed walk. Time was measured in
econds with a stopwatch and rounded to the nearest hun-
redth of a second.

GUG—Time Taken to Complete the Test
Get-Up-and-Go”

he subject rises from a chair, walks 3 m, turns around,
eturns to the chair, and sits down. The subject was in-
tructed to “Sit with your back against the chair and your
rms on the arm rests. On the word ‘go’, stand upright,
hen walk at your normal pace to the line on the floor,
urn around, return to the chair, and sit down.” The stop-
atch was started on the word “go” and stopped when the

ubject returned to the starting position.

TSTS

articipants were asked to stand up and sit down 5 times
s quickly as possible without the use of hands and were
imed from their initial sitting position to the final stand-

ng position at the end of the fifth stand.
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-feet (2.4 m) Speed Walk (8 FSW)

he women were instructed to walk as fast as they could
n their ordinary shoes for 2.4 m. Participants used the
ootwear they normally used. The distance was marked on
he floor with red tape and the participant stood just
ehind the starting line before the test. A digital stop-
atch was started when the participant started to walk

nd stopped when the first foot crossed the finishing line.

ietary Calcium Questionnaire

he self-questionnaire of Fardellone and coworkers (23)
as been modified, simplified, and adjusted to the Mo-
occan food habits. After translation and back translation,
t was administered to 62 volunteers women, aged be-
ween 30 and 60 years. To test its validity, the question-
aire was compared with the weekly docket system, cho-
en as a reference method. To test its reproducibility, the
uestionnaire was administered again after a 1-week in-
erval. The coefficient of correlation was 0.91. The ques-
ionnaire correctly classified women with daily calcium
ntake less than 800 mg with 77% specificity, while its
ensitivity was 87%.

one Mineral Density Measurements

umbar spine, trochanter, femoral neck, and total hip
MD were measured by dual-energy radiograph absorp-

iometry with a Lunar prodigy densitometer. Daily qual-
ty control was performed by measurement of a Lunar
hantom. At the time of the study, phantom measure-
ents showed stable results. The phantom precision ex-

ressed as the coefficient of variation (%) was 0.08. Both
- and Z-scores were obtained. In the T-score calcula-

ions, the manufacturer’s ranges for European reference
opulation were used because of the absence of a Moroc-
an database.

iochemical Measurements

iological samples were collected between June and Au-
ust. Morning fasting blood and random urine samples
ere collected from every subject for the measurement of

he following parameters: serum calcium, phosphorus, al-
umin, creatinine, 25(OH)D, PTH, osteocalcin, and C-
erminal cross-linking telopeptide of type I collagen
CTX). Serum calcium, phosphorus, creatinine, and al-
umin were measured by automated standard laboratory
ethods. Serum 25(OH)D was measured by chemilumi-

escence (Liaison, Diasorin). The intra- and interassay
oefficient of variation were 5 and 11%, respectively, and
he normal range was 20 to 60 ng/mL. Intact PTH was
easured by immunochemoluminometric assay (Elecsys;
oche Diagnostics, Mannheim, Germany). Intra- and in-

erassay variances were 5 and 7% and the normal range
as 15 to 65 pg/mL. Osteocalcin and CTX were both
easured by immunochemoluminometric assay (Elecsys;

oche Diagnostics). Intra- and interassay variances were 5 5
nd 7% and the normal ranges were 15 to 46 ng/mL for
steocalcin, and 0.3 to 0.6 ng/mL for CTX.

tatistical Analysis

ypovitaminosis D or vitamin D insufficiency was de-
ned as a circulating level of 25(OH)D below 30 ng/mL,
ased on published data showing that serum immunore-
ctive parathyroid hormone (iPTH) is increased in pa-
ients who have 25(OH)D concentrations equal to or
elow 30 ng/mL (23-25). Results for continuous variables
re expressed as mean � SD; comparison was made by
he t-test. Categorical variables were compared by using
he �2.

Logistic regression was used to estimate crude and ad-
usted odds ratio (OR) for the dichotomous outcomes of
ypovitaminosis D. Analyses were performed with adjust-
ent for age, BMI, parity, the wearing of a veil, sun

xposure less than 30 min/d, and dietary calcium intake.
he age was entered in the model in the following cate-
ories: �40 years, between 40 and 50 years, between 50
nd 55 years, and �55 years. The BMI variable was en-
ered in the model in 2 categories, with (BMI �30) or
ithout (BMI �30) obesity, with the BMI �30 group as

he reference category. The dietary calcium intake vari-
ble was entered in the model in 4 categories: below 500
g/d, between 500 and 700 mg/d, between 700 and 800
g/d, and over 800 mg/d, with the higher category as the

eference. Wearing the veil and sun exposure less than 30
inutes were entered in the model in dichotomous vari-

ble (yes/no). The number of parity in was measured in 4
ategories: nuliparous, 1 to 2, 3 to 5, and 6 and more
hildren, the nuliparous group being the reference group.

odel calibration was assessed by using the Hosmer and
oworkers goodness-of-fit test (26).

Correlations between variables were estimated by using
earson’s coefficient of correlation. The Locally Weighted
egression and Scatterplot Smoothing (LOWESS regres-
ion plot) was conducted to assess the association between
5(OH)D and PTH. The LOWESS method is a tech-
ique for determining the shape of the function that best
ummarizes the scatter plot between 2 continuous vari-
bles. The method does require the input of a “smoothing
arameter,” which is the fraction of the data that is used
round each point.

Statistical significance was defined as a value of P �
.05. All analyses were performed in SPSS, version 13
SPSS Inc., Chicago, IL).

ESULTS

linical Characteristics

he characteristics of the patients are shown in Table 1.
he mean age of the patients in the entire population was
0 � 9.3 years. All patients were residing in urban areas.
eventy-four percent were menopausal with a mean age of

6 � 9.6 years. Fifty-six percent of patients had a paid
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ob. Eighty-five percent had never practiced any sporting
ctivity, but 90% walked over 30 minutes at least once a
eek.
The mean � SD serum 25(OH)D concentration for

ll 415 patients was 18.4 � 7.9 ng/mL. The prevalence of
itamin D insufficiency [circulating 25(OH)D equal or
ess than 30 ng/mL] was 91%. Values of 25(OH)D lower
han 15 ng/mL were found in 43% of the women and
evels lower than 5 ng/mL were found in 4%. Hypovita-

inosis D was observed in 80% of premenopausal
omen versus 92% in menopausal women. The mean
aily dietary calcium intake was 719 � 221 (range, 190 to
800) mg. Sixteen percent of the subjects had a daily
ntake of calcium less than 500 mg.

Among menopausal women, 31% of patients were os-
eoporotic and 12% had peripheral fractures, all in the
itamin D insufficiency group. The mean � SD age-
djusted 25 OH values were lower in women who sus-
ained a peripheral fracture (16.6 � 5.8 ng/mL) than
thers (18.2 � 8.2 ng/mL), but this difference was not
tatistically significant. However, patients with prevalent
eripheral fractures had a significantly higher level of
TH than those without fractures (73.6 � 22 pg/mL
ersus 60.5 � 24 pg/mL, P � 0.04).

isk Factors of Hypovitaminosis D

isk factors of hypovitaminosis D are shown in Table 2.
n univariate analysis, hypovitaminosis D was highly
revalent in women �55 years (P � 0.025) and in veiled
omen (P � 0.004). Hypovitaminosis D was also associ-

ted with the time spent outdoors less than 30 min/d (P �
.007). There was no association between hypovitamin-
sis D and dietary calcium intake nor with parity level and

Table 1 Clinical, Laboratory, and Osteodensitometric Char

Whole Populati
(n � 415)

Age (y) 50 � 9
BMI (kg/m2) 27.8 � 4.3
Number of children 3.3 � 2.4
Calcium intake (mg/d) 719 � 221
Veil wearing (%) 56
Veil wearing duration (y) 10 � 11
Sunlight exposure less than 30 min/d (%) 53
Spine BMD (g/cm2) 1.02 � 0.17
Femoral neck BMD (g/cm2) 0.89 � 0.14
Trochanter BMD (g/cm2) 0.73 � 0.12
Femoral total BMD (g/cm2) 0.94 � 0.14
Total calcium (mg/l) 96.6 � 4.8
Phosphorus (mg/l) 35.4 � 5.3
25 OH vitamin D (ng/mL) 18.1 � 7.9
PTH (pg/mL) 60.5 � 4.1
Osteocalcin (ng/mL) 21.7 � 10.8
CTX (ng/mL) 0.4 � 0.2

P � 0.05; significant difference between pre- and postmenopausa
MI. In multiple logistic regression, the main determi- n
ants of hypovitaminosis D were age �55 years [OR 2.14
95% IC, 1.1-4.1; P � 0.026)], wearing a veil [OR 2
95% IC, 1.1-4; P � 0.04)], time spent outdoors less than
0 min/d [OR 2.8 (95% IC: 1.4-5.7; P � 0.003)], and
aily calcium intake less than 700 mg [OR 2.39 (95% IC.
.2-4.7; P � 0.01)].

5(OH)D and Physical Performances

here was no correlation between any physical perfor-
ance tests and 25(OH)D levels: serum 25(OH)D versus
FSW (r � �0.06, P � 0.8), serum 25(OH)D versus 5
STS (r � �0.08, P � 0.1), and serum 25(OH)D versus
GUG (r � �0.03, P � 0.6) (P, age-adjusted).

5(OH)D, iPTH, and BMD

moderate significantly inverse correlation between
TH and 25(OH)D was observed (r � �0.13; P �
.03). The LOWESS regression showed a “breaking
oint” around 30 ng/mL (Fig. 1).
25(OH)D was correlated with lumbosacral BMD (r �

.13 P � 0.03) and trochanter (r � 0.14, P � 0.03) but
ot with femoral neck or total femoral BMD. After ad-

ustment for age, serum 25(OH)D levels were not signif-
cantly associated with BMD in any measured site. As
hown in Table 3, there was a significant negative linear
orrelation between iPTH and femoral total BMD but
ot with other sites.

one Turnover Markers

he mean values of biochemical markers of bone turn-
ver were higher in the vitamin D insufficiency group
osteocalcin: 23.9 � 12.3 ng/mL versus 20.2 � 9.5

tics for all the Sample, Pre- and Postmenopausal Women

emenopausal Women
(n � 108)

Post menopausal Women
(n � 307) P

42.8 � 6.2 55.9 � 6.8 �0.001
27.2 � 4.4 28.4 � 4.2 0.23

2.4 � 1.8 4.1 � 2.6 �0.001
737 � 232 704 � 211 0.06

54 55 0.64
7.7 � 7.1 13.4 � 13 �0.001

40 60 0.53
1.1 � 0.13 0.97 � 0.14 �0.001

0.97 � 0.6 0.85 � 0.12 �0.001
0.79 � 0.11 0.70 � 0.11 �0.001
1.02 � 0.16 0.90 � 0.12 �0.001
95.5 � 4.8 97.6 � 4.6 0.006
34.2 � 4.6 36.4 � 5.7 �0.001
18.6 � 7.7 17.7 � 8.1 0.3
56.2 � 19.9 63.9 � 26.6 0.002
18.2 � 8.8 24.8 � 11.4 �0.001

0.3 � 0.1 0.5 � 0.2 �0.001

en.
acteris

on Pr
g/mL; P � 0.001, and CTX: 0.46 � 0.25 ng/ml
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ersus 0.40 � 0.22 ng/ml; P � 0.01) and correlated
ith 25(OH)D (r � �0.18; P � 0.05 and r � �0.15;
� 0.05, respectively). However this correlation, even

hough significant, was moderate. Also, there were sig-
ificant correlations between PTH and osteocalcin and
etween PTH and CTX (r � 0.19, P � 0.05 and r �

Table 2 Risk Factors of Hypovitaminosis D: Results of Univa

Variables
Hypovitaminosis D

Prevalence (%) O.R

Age (y)
�40 30 1.00
40 to 50 41 1.31
50 to 55 40 1.36
�55 52 2.36

BMI (kg/m2)
�30 45 1.00
�30 37 0.72

Parity
0 43 1.00
1 to 2 30 0.56
3 to 5 43 1.03
�6 58 1.70

Calcium intake (mg/j)
�800 33 1.00
700 to 800 42 1.32
500 to 700 44 1.52
�500 46 1.61

Veil
No 33 1.00
Yes 47 1.81

Sunlight exposure
�30 mn
No 34 1.00
Yes 47 1.74

OR, odds ratio; CI 95%, 95% confidence interval. For multivariate

25 -Hydroxyvitamin D (ng/ml)
454035302520151050

Pa
rat

hy
roi

dh
orm

on
e(

pg
/m

l)

120

100

80

60

40

20

0

igure 1 LOWESS plot of parathyroid hormone as a function
f 25-hydroxyvitamin D with a break point between 25 and

0 ng/mL. (Color version of figure is available online.)
.16, P � 0.04), respectively. Those correlations persisted
fter adjustment for age.

ISCUSSION

his study suggests that during the summer season, vita-
in D insufficiency is very common in adult healthy
oroccan women. Age, the lack of sun exposure, veiled

nd Multivariate Analysis

ivariate Multivariate

95% P value OR CI 95% P value

1.00
to 2.16 0.29 1.28 0.35 to 4.52 0.74
to 2.26 0.22 1.11 0.28 to 4.54 0.83
to 4.12 0.002 2.14 1.15 to 4.15 0.026

1.00
to 1.12 0.14 1.05 0.49 to 2.23 0.91

1.00
to 1.05 0.07 1.1 0.26 to 4.54 0.81
to 1.8 0.99 1.34 0.36 to 4.92 0.63
to 4.52 0.26 1.34 0.26 to 6.18 0.74

1.00
to 2.34 0.2 1.6 0.9 to 3.1 0.93
to 2.41 0.1 1.8 1.06 to 3.2 0.03
to 3.34 0.1 2.39 1.25 to 4.61 0.01

1.00
to 2.71 0.004 2.01 1.15 to 4.02 0.04

1.00
to 2.61 �0.001 2.8 1.43 to 5.71 0.003

is, Hosmer–Lemeshow’s Goodness of Fit Tests: P � 0.65.

Table 3 Linear Correlation Between PTH, 25 (OH) D,
Bone Mineral Density, and Bone Turnover Markers

25 OH
VIT D3 PTH Osteocalcin CTX

25OH VIT D3 — �0.13*
PTH �0.13* —
Osteocalcin �0.18* 0.19† —
CTX �0.15* 0.16† 0.72† —
BMD spine 0.13* �0.1 �0.24† �0.26*
BMD trochanter 0.14* �0.08 �0.15† �0.11
BMD
Femoral neck 0.1 �0.05 �0.15† �0.07
BMD femoral total 0.08 �0.17* �0.16† �0.08

OR, odds ratio; CI 95%, 95% confidence interval. For multivar-
iate analysis, Hosmer–Lemeshow’s Goodness of Fit Tests: P �
0.65.

*P � 0.05.
riate a

Un

CI

0.79
0.82
1.35

0.46

0.29
0.55
0.73

0.71
0.89
0.81

1.24

1.15
†P � 0.001.
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lothing style, and a daily calcium intake less than 700 mg
re the most important factors that influence hypovita-
inosis D. We defined hypovitaminosis D as a circulating

evel of 25(OH)D below 30 ng/mL. The choice of 30
g/mL as a cutoff value agrees with previous studies that
emonstrated secondary hyperparathyroidism, increased
one turnover, and decreased bone density at the hip at
5(OH)D serum concentrations below this level (24-26).
In previous studies of elderly housebound people, med-

cal inpatients, and nursing home residents, one-quarter
o one-half had low vitamin D levels (27-30). However, in
ur study, with ambulatory subjects without secondary
auses or medications that might affect bone density, the
revalence of vitamin D insufficiency was 91%. This
revalence might be higher if 25(OH)D assessment was
ade in the winter season. The high prevalence of severe

ypovitaminosis D we observed in our young healthy
opulation with a high potential for sun exposure is a
atter of concern. It is related to cultural requirements

hat limit sun exposure in many women as well as to low
itamin D intake. In our country, food is not supple-
ented with vitamin D. Hence, cutaneous synthesis
ould be the major source of the vitamin in ambulatory
omen of this age group.
It has been estimated that a 10-minute exposure of

ead and arms (unprotected) 3 times per week would be
ufficient to prevent vitamin D insufficiency. Many fac-
ors influence the intensity and duration of exposure to
V light, including geographic location, season, atmo-

pheric conditions, and the daily length of time spent
utdoors (31-35). To detect the influence of clothing
tyle on 25(OH)D level, we performed this study in the
ummer season. After a multilinear regression analysis,
earing a veil was found to be an independent predictor
f hypovitaminosis D.

The influence of clothing on vitamin D status has been
he subject of a few studies. Three reports from Saudi
rabia (13,35) and Kuwait (18) revealed the presence of
itamin D insufficiency among people from the Arabian
ulf. This insufficiency was more common in veiled Ku-
aiti women compared with nonveiled women. Severe
ypovitaminosis D (25(OH)D �5 ng/mL) affected 42%
f Lebanon women particularly those who wore veils
62%) (7). In this study, a higher degree of parity was
ound to affect negatively vitamin D status. This was ob-
erved mainly in the veiled women, therefore, contribut-
ng to their vitamin D insufficiency. In our study, the
arity was not associated to the risk of hypovitaminosis D.
More surprisingly, while 4% of our subjects had

itamin D deficiency (�5 ng/mL), none of them had
ymptoms suggesting hypovitaminosis D. Abnormal
iochemical parameters such as hypocalcemia and hy-
ophosphatemia also were rarely observed. It would be
nteresting to perform bone biopsies in subjects with very
ow 25(OH)D levels looking for histological osteomalacia.

Secondary hyperparathyroidism is a well-known con-

equence of vitamin D insufficiency (36-40). Our data m
how a significant, although moderate, negative age inde-
endent correlation between iPTH and 25(OH)D. This
ssociation was well described by the exponential curve
ith an inflection when serum 25(OH)D levels fell below
0 ng/mL. It should be mentioned that there is disagree-
ent in the value of the inflection point between studies that

eported a plateau effect, the level required for optimal PTH
uppression varying from 30 to 99 nmol/l (37,40).

As reported in several previous studies (7,8,41), we
ound a significant, age-independent correlation between
5 OH and bone turnover markers and a significant cor-
elation among iPTH and bone turnover markers. The
iochemical picture suggests that increased concentra-
ions of PTH might play an important role in the devel-
pment of increased bone remodeling and bone loss in
omen with vitamin D insufficiency. In our study, cor-

elation between osteocalcin and 25(OH)D was PTH in-
ependent, suggesting that hypovitaminosis D may con-
ribute directly to increase bone formation. In untreated
ostmenopausal women, Lukert and coworkers (42)
ound that decreased serum 25(OH)D levels were associ-
ted with faster bone loss at the distal radius in small
opulations of healthy early or late postmenopausal
omen. However, other studies indicated that vitamin D

s unlikely to play a major role in regulating systemic levels
f bone turnover markers (5,43).

No significant age-independent association was de-
ected between 25(OH)D levels and BMD at any mea-
ured site. This is in agreement with some, but not all,
tudies (12,39,44). In the Os des Femmes de Lyon
OFELY) study, Garnero and coworkers (43) showed
hat, after adjustment for age, there was no significant
ifference in incidence of fracture, BMD, radius BMD

oss, or bone turnover markers, among women with
5(OH)D levels below or above 75, 50, or 30 nmol/l.
nvestigators in the Multiple Outcomes of Raloxifene
valuation (MORE) study (39) showed that a 25(OH)D

evel in the lowest tertile (less than 25 nmol/l) was associ-
ted with a 4% lower trochanteric BMD, although there
as no difference in lumbar spine or femoral neck BMD.
illareal and coworkers have reported low serum
5(OH)D levels in women referred for osteoporosis
creening (44). These women had no symptoms of vita-
in D deficiency except low BMD. In our opinion, these

iscordances in skeletal site BMD correlation with
5(OH)D are likely to be linked to differences in the
ample size, sample selection criteria, country of origin,
nd perhaps dietary calcium and vitamin D intake among
he different studied populations. Nevertheless, as re-
orted by Bischoff-Ferrari and coworkers (25), altogether
hese data indicate that a relationship exists between these
parameters, thus suggesting an influence of 25(OH)D

n BMD. The relatively low degree of this correlation and
ts variability among different skeletal sites found by var-
ous authors also support the concept that the action of
itamin D on BMD is a part of the combined action of

ultiple factors.
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Muscle weakness and increased risk of falling are asso-
iated with vitamin D deficiency mainly in elderly frail
ubjects (1), and vitamin D supplementation reduces the
isk of falling in ambulatory older women over the age of
5 years (45). In our study, after adjusting for age, pre-
nd postmenopausal women with vitamin D insuffi-
iency, physical performance was similar to women with
ormal vitamin D levels. This finding is in agreement
ith the OFELY study, which did not find a significant

ssociation between serum 25(OH)D levels and grip
trength.

Limitations of our study include those associated with
ross-sectional studies. All the subjects were volunteers; so
ur sample is not representative of the general population.

In conclusion, we found that, despite abundant sun-
hine, because of poor sunlight exposure and excessive
utdoor clothing due to sociocultural and religious rea-
ons, the prevalence of vitamin D insufficiency is very
igh in Morocco. Hypovitaminosis D was associated with
n increase in PTH levels and in bone turnover markers.
lthough women with vitamin D insufficiency had a

ower spine and trochanter BMD than the other individ-
als, this difference disappeared after adjustment for age.
urther studies are needed to confirm our results. Encour-
ging a more active outdoor lifestyle within the frame-
ork of our religious and cultural commitments and vi-

amin D fortification of foods might be the optimal
pproach to manage this disorder especially in women
hose clothing covers their body.
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