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Abstract

Summary This study aimed to compare the vitamin D status
in healthy Moroccan men and women aged 50 years and older.
A total of 186 Moroccan women and 68 men, who had no
previous diagnosis of osteoporosis, were recruited prospec-
tively. We found in this study a high prevalence of
hypovitaminosis D with no difference between men and
women.

Purpose The main purpose of this study was to describe and
compare the vitamin D status, parathormone, calcium, and
phosphate of healthy Moroccan men and women aged
50 years and older.

Methods We conducted two cross-sectional studies, in post-
menopausal women from October 2008 to November 2009
and in men over 50 years old, from December 2009 to August
2010. A total of 186 Moroccan women and 68 men, who had
no previous diagnosis of osteoporosis, were recruited
prospectively. For the definition of hypovitaminosis D, the
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preferred level for 25-hydroxyvitamin D (25(OH)D) insuffi-
ciency, which is now recommended by many experts, is 30 ng/
mL (75 nmol/L), and the levels below 10 ng/ml (25 nmol/L)
indicate deficiency.

Results The prevalence of vitamin D deficiency in men and
women was 4.4 and 8.6 %, respectively, and the prevalence of
vitamin D(25(OH) D) insufficiency in men and women were
85.2 and 77.4 %, respectively. In men and women, no corre-
lations were found between intact parathormone (PTHi) and
25(0OH) D (r=0.056).

Conclusions Despite a sunny environment, we found in this
study a high prevalence of hypovitaminosis D (insufficiency +
deficiency) in Moroccan men over 50 years old and postmen-
opausal women.
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Vitamin D deficiency - vitamin D insufficiency
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Introduction

Vitamin D (25(OH)D) plays an important role in bone and
calcium metabolism and may participate in the the pre-
vention of diabetes, cancers, heart diseases, respiratory
diseases, and many other diseases [1]. Reports from
across the world indicate that hypovitaminosis D is wide-
spread and is reemerging as a major health problem glob-
ally. The serum level of 25-hydroxyvitamin D (25(OH)D),
which is the main circulating metabolite of vitamin D, is
considered the best indicator of vitamin D status in
humans [2]. For the definition of the hypovitaminosis D,
the preferred level for 25(OH)D insufficiency and that is
now recommended by many experts is 30 ng/mL
(75 nmol/L), and the levels below 10 ng/ml (25 nmol/L)
indicate deficiency [3, 4]. Levels below 10 ng/ml are most
common in regions such as South Asia and the Middle
East [5-8]. Studies across Europe (n=155,844) in different
age groups revealed widespread vitamin D deficiency
(13 %)[9]. A British study reported that approximately
15 % of the population had serum 25(OH)D levels below
10 ng/ml [10]. The vitamin D status is influenced by
many factors like older age, female sex, higher latitude,
winter season, darker skin pigmentation, less sunlight ex-
posure, dietary habits, and absence of vitamin D fortifica-
tion [1]. The main purpose of this study was to describe
and compare levels of vitamin D, intact parathormone,
calcium, and phosphate status of healthy Moroccan men
and women aged 50 years and older.

Methods
Subjects

This was a cross-sectional study conducted from October
2008 to November 2009 in postmenopausal women and

from December 2009 to August 2010 in men over 50 years
old (Fig. 1). A total of 186 postmenopausal women and
68 men, who had no previous diagnosis of osteoporosis,
were recruited prospectively from our laboratory depart-
ment. All subjects who volunteered to participate in the
study were enrolled after obtaining informed written con-
sent. They were screened using a detailed questionnaire,
history, behaviors, and physical examination. Subjects
were excluded from the study if they had conditions af-
fecting bone metabolism, such as diseases of kidney, liver,
parathyroid, thyroid, diabetes mellitus,
hyperprolactinemia, rheumatoid arthritis, ankylosing
spondylitis, malabsorption syndromes, malignant tumors,
hematological diseases, or previous pathological fractures.
Subjects were also excluded if they smoke cigarette or
had been receiving corticosteroids, thyroid hormone,
fluoride, bisphosphonate, calcitonin, thiazide diuretics,
barbiturates, antiseizure medications, 25(OH)D, or
calcium-containing drugs. Body mass index (BMI) was
calculated by dividing weight in kilograms by height in
meters squared.

BMD measurement

Bone mineral density (BMD) was determined by a Lunar
Prodigy Vision DXA system (Lunar Corp., Madison, WI).
The DXA scans were obtained by standard procedures sup-
plied by the manufacturer for scanning and analysis. All
BMD measurements were carried out by two experienced
technicians. Daily quality control was carried out by mea-
surement of a Lunar phantom. At the time of the study,
phantom measurements showed stable results. The phan-
tom precision expressed as the coefficient of variation per-
centage was 0.08. Moreover, reproducibility has been
assessed by the same two technicians in clinical practice
and showed a smallest detectable difference of 0.04 g/cm?
(spine) and 0.02 (hips). Patient BMD was measured at the

Fig. 1 Scheme of the study
protocol
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lumbar spine and at the femurs (i.e., femoral neck and total
hip). Patient BMD was measured at the lumbar spine
(anteroposterior projection at L1-L4) and at the femurs
(i.e., femoral neck, trochanter, and total hip). The World
Health Organization (WHO) classification system was
applied, defining osteoporosis as 7-score <—2.5 and
osteopenia as —2.5 < T-score < —1.

Biological measurements

All subjects had fasting blood taken in the morning. The
samples were frozen and stored at —80 °C and subsequent-
ly thawed and analyzed in one batch. Serum vitamin D and
intact parathyroid hormone (PTHi) were measured using
electrochemiluminescence immunoassay (ECLIA) (Cobas
e601, Roche Diagnostics 125GmBH, Mannheim,
Germany). This 25(OH)D assay measures only the
25(OH)D3 and not the 25(0OH)D2. The intra- and
interassay variation coefficients for vitamin D in our labo-
ratory were 10.5 and 17.8 %, respectively, and for the PTH,
they were 2.5 and 4.8 % respectively. Calcium and phos-
phate was measured by the Dimension® RxL Max®
Integrated Chemistry System of Siemens. All the laborato-
ry tests were subject to validation using National External
Quality Assurance Schemes.

Statistical analysis

Continuous variables are presented as the mean and the
standard deviation (SD). To compare anthropometric and
biological parameters in men and women, the analysis of
variance (ANOVA) was used for quantitative variables and
the chi-square test for qualitative variables. For the compari-
son of patients with high and low levels of 25(OH)D, statisti-
cal comparison of patients according to quartiles of 25(OH)D
was used. Associations between continuous variables were
examined by Pearson correlation coefficient. Significance is

usually accepted at <0.05. Excel 2007 and SPSS 15.0 were
used for statistical analysis.

Results

The mean (SD) age was 59.0 (8.2) in women and 64.7 (8.6) in
men. The prevalence of vitamin D deficiency in men and
women were respectively 4.4 and 8.6 %, and vitamin D insuf-
ficiency in men and women were respectively 85.2 and
77.4 %. The prevalence of osteoporosis in men and women
were 8.8 and 35.4 %, respectively (Table 1).

Mean (SD) BMI was significantly higher in women 30.9
(4.9) than in men 26.75 (4.26). We found low mean vitamin D
levels in nanograms per milliliter in both men (20.1 ng/ml
(9.2)) and women (20.7 ng/ml (6.5)). Calcium and phosphate
levels were significantly higher in women than in men; con-
versely, the mean PTHi level was significantly higher in men
(Table 1).

In the Table 2, we compared the mean (SD) of age, BMI,
calcium, phosphate, and PTHi in women and men within three
intervals of serum vitamin D level (vitamin D < 10 ng/ml, 10 <
vitamin D <30 ng/ml, vitamin D >30 ng/ml). Indeed, no sig-
nificant difference was found between patients with deficiency
and insufficiency and those with normal vitamin D status.

No correlation was found between PTHi and 25(OH)D in
women or in men (Fig. 2). Only two positive correlations were
found among men. Indeed, the PTHi correlates positively with
phosphate and the BMI correlates positively to the calcium
level. Comparison of patients according to quartiles of vitamin
D levels showed that only men in the lowest quartile were
shorter (p =0.027) (Tables 3 and 4).

Discussion

If the location of Morocco is theoretically between latitudes of
32° 0’ N and longitudes of 5° 00" W, then it gets plenty of

Table 1 Comparison of

anthropometric and biological WOMEN(% = 186) MEN (n=68) p value

parameters among men and Means +SD Means +SD

women (n =254)
Age (years) (SD) 59.0 (8.3) 64.7 (8.6) >0.001
BMI (kg/n?) (SD) 30.9 (5.0) 26.7 (4.3) >0.001
Calcium (mg/l) (SD) 97.3 (10.6) 91.3 (4.3) >0.001
Phosphate (mg/l) (SD) 39.8 (10.2) 279 (5.5) >0.001
PTHi (pg/ml) (SD) 34.3 (22.3) 64.2 (22.3) >0.001
Vitamin D (ng/ml) (SD) 20.1 (9.3) 20.7 (6.59) 0.6
Prevalence of osteoporosis (%) 35.5 8.8 >0.001
Prevalence of vitamin D deficiency (%) 8.6 441 0.4

SD standard deviation, BMI body mass index, PTHi intact parathyroid hormone
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Table 2 Comparison of different
vitamin D status in Moroccan
men and women (n =254)

Vitamin D 10 <vitamin D Vitamin D p value

<10 ng/ml <30 ng/ml >30 ng/ml

(n=18) (n=202) (n=34)
PTHi (pg/ml) (SD) 42.5(27.8) 41.6 (25.3) 46.3 (28.6) 0.63
Calcium (mg/l) (SD) 95.2 (6.8) 95.8 (10.4) 95.2(5.5) 091
Phosphate (mg/l) (SD) 38.5(5.9) 36.6 (11.0) 35.709.7) 0.65
BMI(kgin?) (SD) 29.6 (4.3) 29.6 (5.11) 30.6 (5.8) 0.63
Age (years) (SD) 61 (7.6) 60.8 (8.8) 582 (8.4) 0.26
Prevalence of osteoporosis (%) 222 27.7 353 0.55

sunlight throughout the year and should not experience
poor vitamin D status. However, the results of the present
paper showed no difference in the prevalence of vitamin D
deficiency in men and women (4.41 vs 8.61 %) and also no
difference in the prevalence of vitamin D insufficiency in
men and women (85.29 vs 77.41 %). Although, women
have a higher prevalence of osteoporosis and a higher
BMI and men have a higher mean PTHi level. Many fac-
tors can contribute to poor vitamin D status in Moroccan
men and women as measured by low circulating levels of
25(OH)D. Indeed, Moroccan people avoid the sun and
have a more pigmented skin, also their clothing style
prevents exposure of the body to direct sunlight which
results in less vitamin D production in the skin. Also,
Moroccans have low consumption of vitamin D-rich foods
and the absence of fortification. Another Moroccan study
in 178 Moroccan menopausal women aged 50 years old
and over have found higher deficiency rate. Thus, 152 pa-
tients (85.3 %) had levels <30 ng/ml (insufficiency) and 92
(51.6 %) had levels <10 ng/ml (deficiency) [11]. In another
study among 415 Moroccan women aged between 24 and
77 years, the prevalence of vitamin D insufficiency was
91 % [12]. Moreover, the results of this study are in line
with previous reports from other Arabian studies. Thus, in
healthy Saudi Arabian men, vitamin D deficiency and in-
sufficiency were common. About 87.8 % exhibited a serum
25(0OH)D level less than that commonly considered to rep-
resent deficiency (<50 nmol/L), 9.7 % showing levels con-
sidered insufficient (>50—< 75 nmol/L), and with only
2.5 % showing levels of sufficiency (>75.0 nmol/L) [13].
Worldwide vitamin D deficiency seems to be highly prev-
alent. Mean serum 25(OH)D of 30 nmol/l or even lower
has been reported from surveys in India, China, the Middle
East, and some African countries. In addition, poor vitamin
D status is common in industrialized countries like North
America, Oceania, and Europe and especially in risk
groups such as children, pregnant women, elderly, and im-
migrants [14—16]. In Irish adults, the year-round preva-
lence estimates of serum 25(OH)D is <30 and <50 nmol/l

@ Springer

(6.7 and 40.1 %, respectively) [17]. Let us remember that
blacks consistently have lower levels of total 25-
hydroxyvitamin D than whites do; they are frequently giv-
en a diagnosis of vitamin D deficiency [18]. Thus, in black
Americans, low levels of total 25-hydroxyvitamin D prob-
ably do not indicate true vitamin D deficiency when levels
of vitamin D-binding protein are also low [18]. So, to in-
dicate the supplementation in persons with low levels of
vitamin D status, we must take into account the levels of
vitamin D-binding proteins.

In this study, there was no correlation between vitamin
D and age. The mean age of the study population was
59.0 (8.28) in women and 64.7 (8.6) in men, and this
remains low compared to other cohorts of the literature.
Classically, increasing age is associated with the decrease
of the concentration of vitamin D. This is due to the de-
crease in the synthesis of vitamin D by the skin, the de-
crease in the dietary intake, the decrease in renal function,
and the reduced time spent outdoors.

Saliba et al. found that serum parathyroid hormone
levels were inversely and weakly correlated with
25(0OH)D levels (»=—0.176), and the parathyroid hormone
plateau was attained at a significantly lower 25(OH)D cut
point of 46.2 nmol/L [19]. The serum levels of 25(OH)D
sufficient to keep the parathyroid hormone level at a range
that will prevent bone loss are still unclear. In the present
study, there was no correlation between serum 25(OH)D
and intact PTH levels, perhaps because our study popula-
tion only included relatively young postmenopausal wom-
en who were under 70 years old since older men and wom-
en are more prone to develop secondary hyperparathyroid-
ism resulting in greater bone turnover, bone loss, and in-
creased risk of fractures. Moreover, it could be related to
the fact that PTHi is regulated by several modulators in-
cluding calcium intake and the magnesemia. In agreement
with our results, two Moroccan studies failed to show any
significant correlation with serum vitamin D and PTHi in
postmenopausal women [11], and women aged between 24
and 77 years [12].
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According to the World Health Organization (WHO)
classification of BMI, in this study, men were overweight
and women were obese. For the BMI and the vitamin D
level, no correlation was found between these two param-
eters, unlike the data of the literature that reports that
obese individuals have lower bioavailability of vitamin
D [20]. In fact, obese individuals have decreased sun

exposure compared with their lean counterparts, negative
feedback from increased 1, 25(OH)2D concentration in
obese individuals decreases 25(OH)D concentrations,
and as a lipid-soluble molecule, vitamin D3 can be taken
up by adipocytes and stored in fat for later use. Vitamin D
is sequestered within the adipose tissue [21]. Many obser-
vational studies have demonstrated a negative association

@ Springer
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Table 3  Comparison of patients according to quartiles of 25(OH)D levels (n =254)

Men Women
Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
(n=11) (n=18) (n=22) (n=17) value (n=52) (n=46) (n=42) (n=46) value
Age (years) 67.7 (8.7) 64.9 9.7) 63.3 (7.3) 64.3 (9.3) 0.601 59.8 (7.9) 60.5 (8.2) 57.509.3) 59 (8.28) 0.238
(SD)
Weight (kg) 755177  77.5(014.5)  77.1(14.6)  72.05(10) 0.65 72.1(10.9) 74.1(124) 757(12.4) 78.8 (16) 0.08
(SD)
Height (m) 1.6 (0.06) 1.7 (0.5) 1.7 (0.6) 1.6 (0.5) 0.027 1.5(0.07) 1.5 (0.05) 1.5 (0.05) 1.56 (0.06) 0.7
(SD)
BMI (kgin®)  28.2 (5.3) 27.2 (4.5) 26.3 (44) 259 (2.7) 0.51 29.9(4.8) 30.5 (4.5) 31.3 (4.8) 319 (5.69) 0.21
(SD)
Calcium (mg/ 93.7 (4.9) 93.7(3.9) 91 (4.3) 90.2 (4.3) 1.81 96.3 (6.6) 97 (7.1) 99.4 (18.8) 969 (5.7) 0.5
1) (SD)
Phosphate 29.5(4.3) 28.1(2.6) 26.4 (5.6) 28.6 (7.9) 043 389(5.3) 39.5(5.9) 42.2(17.6) 38.8(8.2) 0.3
(mg/)) (SD)
PTHi (pg/ml) 72.6 (17.0) 62.7(16.6) 60.5(19.4) 648 (14.2) 0.53 34.0(25.7) 324(16.8) 32.0(23.05) 38.7(323) 04
(SD)

between indicators of obesity and serum levels of vitamin D
[22, 23]. The expression of both the vitamin D receptor and
25-hydroxyvitamin D 1o-hydroxylase (CYP27B1) genes has
been shown in human adipocytes [22]. In fact, vitamin D
inhibits in adipocytes the active form of adipogenic transcrip-
tion factors and fat accumulation during the differentiation
phase. Some recent studies demonstrate that vitamin D metab-
olites also influence adipokine production and the inflamma-
tory response in adipose tissues [22].

The interpretation of a serum level of 25(OH)D is
challenging. Indeed, the studies are not always compa-
rable, since different assays have been used and the
interlaboratory variation is considerable. The vitamin D
status was determined in this study by using the test

vitamin D3 (25-OH-vitamin D3) and not the total vita-
min D (25-OH-vitamin D2 +25-OH-vitamin D3).
However, none of our patients was under D2 therapy.
Our study has strengths and limitations. The strengths
of the present study include very strict detailed inclu-
sion criteria, and all of the DXA and biochemical mea-
surements were conducted with a single bone densitom-
eter and a single biochemistry laboratory, with very
careful quality controls in place. The main limitations
lie in the cross-sectional nature of the study. The
25(OH)D assay used in our study was the Roche
electrochemiluminescence assay that only measures
25(0H)D3. Indeed, the total 25-hydroxyvitamin D level
is the appropriate indicator of vitamin D body stores.

Table 4 Correlation between

age, BMI, calcium, phosphate, Age BMI Calcium (mg/1) Phosphate (mg/l) PTHi (pg/ml)
and PTHi in men and women (years) (kg/inz)
(n=254)
BMI Men —0.280°
(kg/mz) Women —0.04
Calcium Men —0.09 0.251°
(mg/l) Women  0.06 0.01
Phosphate Men 0.03 0.07 0.318*
(mg/l) Women  —0.08 -007 004
PTHi (pg/ml)  Men 0.11 0.06 -0.01 0.343%
Women 0.13 —0.01 0.13 —0.05
Vitamin D Men -0.13 -0.19 -0.22 —0.02 —0.04
(ng/ml) Women  —0.13 0.11 0.03 0.01 0.07

# Correlation is significant at the 0.01 level (bilateral)

® Correlation is significant at the 0.05 level (bilateral)

@ Springer
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Conclusion

Hypovitaminosis D is widespread in Moroccan men over
50 years and postmenopausal women. The prevalence of vi-
tamin D deficiency in men and women were respectively 4.4 1
and 8.61 %, and the prevalence of vitamin D insufficiency in
men and women were respectively 85.29 and 77.41 %.
Indeed, no significant correlation was found between
25(OH)D and PTHi levels, and no significant difference was
found between quartiles of vitamin D levels in men and
women.
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