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Abstract
Summary Risks of low vitamin D status in Kuwaiti adolescent
girls are high parathyroid hormone (PTH), high waist/hip
ratio, veiling and not having a private room. Low vitamin D
status is likely to have a negative impact on their bone mass
and accrual.
Introduction Low serum 25-hydroxyvitamin D (25OHD)
levels are repeatedly found in females in the Middle East,
which is a cause for concern particularly for adolescent fe-
males. This is because vitamin D has been shown to promote
bone mineral accrual in adolescence.
Purpose The aim of this study was to assess the risk factors of
low vitamin D status in adolescent females and to assess its
impact on their bone mass.
Methods Serum 25OHD and PTH were measured in 232
females. Anthropometric measurements and skin colour were
obtained. Bone measurements at the lumbar spine were per-
formed using dual-energy x-ray absorptiometry (DXA). Data
on food intake, physical activity (PA) and sun exposure were
taken. Binary logistic regression was used to assess the risk
factors of serum 25OHD levels <25 nmol/L and multiple

linear regression was used to assess the predictors of bone
mineral variables.
Results Median 25OHD was 19.4 nmol/L (IQR 16.4–23.68),
among which 98.7 % obtained <50 nmol/L. PTH >7 pmol/L
(odds ratio (OR) 4.3; 95 % CI 1.8, 10.2), not having a private
room (OR 3.7; 95 % CI 1.4, 9.8), veiling (OR 2.4; 95 % CI
1.1, 5.5) and waist/hip ratio >0.75 (OR 2.1; 95 % CI 1.0, 4.3)
were risk factors of low vitamin D status, whereas, height,
weight, month since menarche, PTH, animal protein intake
and PA were independent predictors of bone mineral content
(p<0.05).
Conclusion Low vitamin D status is prevalent in Kuwaiti
adolescent females, which may have a negative impact on
their bone mineralization and accrual. Further investigation is
needed to reveal the underlying causes.
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Introduction

The populations of the Middle East have shown relatively
lower vitamin D status and higher rates of vitamin D deficien-
cy [1], presumably caused by avoidance of sunlight. The risk
factors of low vitamin D status and its impact on bone mineral
status, however, have not been addressed thoroughly with
particular interest in adolescent females in a country like
Kuwait.

Kuwait is situated at the north-western corner of the Ara-
bian Gulf (Latitude: 28.30–30.06º N). The population of
Kuwait is distributed in six governorates, each of which
provides relatively equal services including highly equipped
local markets and public healthcare. The sun shines all year
round, yet vitamin D deficiency among the population is
common [2]. In our preliminary work, 80 % of adolescent
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females recruited in summer had serum 25-hyroxyvitamin D
(25OHD) levels <25 nmol/L [3].

A number of factors have been associated with low vitamin
D status among which ethnicity, season and obesity are a few.
Studies have shown that Black, Hispanic and Asian individ-
uals have a higher risk for low vitamin D status compared to
White Caucasian individuals [4, 5]. Low Vitamin D status has
also been shown to occur more frequently in winter and spring
versus in summer and fall [4, 6]. Higher rates of vitamin D
deficiency have been found in obese and overweight individ-
uals compared to normal weight individuals [5], and rare or
non milk consumers compared to regular milk consumers [6].
Further, dress type and the amount of skin area covered have
also been associated with lower vitamin D status and higher
rates of vitamin D deficiency [7, 8].

Adequate vitamin D status is known for its positive
impact on bone health as studies continue to show the
association between serum 25OHD and bone mineraliza-
tion [9, 10]. A randomized clinical trial of vitamin D
supplementation in healthy Lebanese girls showed sig-
nificant beneficial effects on bone mineral content [11],
whereas, a prospective study reported that vitamin D-
deficient Finnish girls had significantly lower bone min-
eral density values at the lumbar spine [12].

Peak bone mass (PBM) is the highest level of bone mass
achieved as a result of normal growth. The time of PBM
attainment has been shown to be in late adolescence, provided
that more than 90 % of the bone is laid by the age of 18 years
[13]. PBM is a key determinant of the lifetime risk of osteo-
porosis [14]. Maximal PBM attainment is considered a pre-
ventive factor of post-menopausal osteoporosis, and thus, the
adolescent period is a critical time for maximal bone mineral-
ization. Failure to attain optimal peak bone mass can increase
an individual’s risk for osteoporotic fractures [15]. Low vita-
min D status, thus, may limit PBM and bone mass accretion in
young girls.

Further, a number of other health problems such as cancer,
heart disease, diabetes and immune related disorders have also
been linked to low vitamin D status [16]. In addition, low
maternal vitamin D status has been associated with low birth
weight and higher risk for developing a number of disorders in
their newborns [17].

The Institute of Medicine has set ≥50 nmol/L of
circulating 25OHD levels sufficient for good bone health
in practically all individuals [18], whereas other recog-
nized bodies prefer higher cut points. Serum levels
<25 nmol/L are recognized as deficient [19], and levels
falling in between the range 25 and 50 nmol/L are
recognized as insufficient.

The aim of our study was to assess the risk factors
associated with low vitamin D status among the Kuwaiti
adolescent females and to assess its effect on their bone
mass.

Methods

This was a cross-sectional study, in which 232 healthy females
(10–18 years) were recruited from public schools from each
governorate in Kuwait. A total of 122 females were recruited
in summer and 110 in winter. Ethical approval to conduct the
study was obtained from the Faculty of Medicine, Health
Sciences Centre, Kuwait University. Permission to approach
female schools was obtained from the Ministry of Education.
The response rate was 24.4 % out of the initial number of
students who received an invitation letter.

Subject recruitment

Invitation letters were distributed in a total of 15 female
schools (both middle and high) located in all governorates.
The invitation letter included information about the study, as
well as questions designed to screen eligible participants. The
students were asked to answer the questions at homewith their
parents. Those who were interested in participating in the
study returned the letters back to school with their parents’
signature and telephone numbers. The letters were then col-
lected by the investigator.

Inclusion criteria

The participant was eligible if she was a Kuwaiti citizen or a
Saudi citizen who has been resident in Kuwait since birth,
aged 10–18 years, nulliparous, preferably Caucasian, clinical-
ly healthy without serious medical conditions or use of med-
ication known to affect vitamin D status and bone metabolism
and finally not taking any type of vitamin or mineral supple-
ments for the past 6 months.

Data collection

The eligible students were recalled later on to visit the paedi-
atric department in Al-Sabah hospital with at least one of their
parents. Written consensus was given after fully understand-
ing the student’s role in the study. Accordingly, anthropomet-
ric measurements, skin colour assessment, fasting blood col-
lection and bone densitometry of the lumbar spine were all
carried out.

Interviewer-administered questionnaires, by a single inves-
tigator, were performed to collect data on puberty, dress type,
sun exposure, residence, habitual food consumption and phys-
ical activity level.

Anthropometric measurements: this was determined by
weight measured to the nearest 0.1 kg and height measured
to the nearest centimetre using a stadiometer. Both weight and
height were recorded with light clothing and without shoes.
Body mass index (BMI) was calculated. Waist, hip and wrist
circumferences were measured by a measuring tape and were
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recorded in centimetres. Waist to hip ratio was calculated. All
measurements were taken by a single investigator. Chrono-
logical age was calculated as the years since birth on the
examination date.

Skin colour: this was measured using the Fitzpatrick clas-
sification of skin photo-type [20] which classifies the skin
according to its susceptibility to sunburn and tanning. People
who frequently tan and rarely sunburn are more likely to have
darker skin colour. Skin colour type is classified into (I) very
fair tone skin that always burns and never tans, (II) fair tone
skin that usually burns easily and tans with difficulty, (III) fair
to medium skin tone that burns moderately and tans gradually,
(IV) medium skin tone that rarely burns and always tans well,
(V) olive or dark skin tone that very rarely burns and tans very
easily, and (VI) very dark skin tone that never burns and is
deeply pigmented. Assessment was performed by a single
investigator. Skin colour types were grouped into the follow-
ing: type II and III which represented a fair skin colour and
type V and IV which represented a dark skin colour. Skin
colour type I and VI did not occur in this data set.

Puberty assessment: this was performed by determining the
time in months since menarche (MSM) on the day of exam-
ination. Tanner stage assessment was not applicable due to
cultural reasons.

Dress type: this was used as a marker of the area exposed to
direct sun light. This marker has been used extensively in the
literature. Dress type was determined by the area of skin
exposed, and female students were classified as either: (1)
unveiled: exposing face, hands, feet, arms and legs, (2) par-
tially veiled: exposing the face, hands and feet and (3) fully
veiled: exposing only the hands. The student would be con-
sidered veiled if she was veiled for at least the past 6 months.
Prior to regression analysis, dress type groups were
recombined into two groups, unveiled and veiled.

Sun exposure time: this was measured by asking the stu-
dent to record the frequency, duration and time of day she was
exposed to direct sunlight during the last 2 weeks. This
variable was categorized into spending less than 3 min/day,
up to 10 min/day and more than 10 min/day of direct sun
exposure. Prior to regression analysis, these groups were
recombined into: up to 3 min/day and more than 3 min/day.
Sunscreen application was reported to be negligible.

Socioeconomic status (SE): this was determined by asking
whether the participant has her own room or if she shared her
room with others. This question was found more reliable than
asking about family income which was inaccurate in many
cases. In addition, area of living (defined by the governorate)
was reported. The six governorates were further grouped
based on their geographical location into three groups
(Table 1).

Food frequency questionnaire (FFQ): this was used to
assess the habitual dietary intake and was set to determine
food intake relative to vitamin D and bone health. Frequency

Table 1 Description of the Kuwaiti adolescent female sample presented
in frequency (n=232)

Characteristic Categories (n) Percent

Nationality Kuwaiti 197 85.0

Other 35 15.0

Governoratea Asma, Hawali, Farwania 118 51.0

Mubarak Al-Kabir, Ahmedi 50 21.6

Jahara 64 27.5

SE marker Have a private room 88 37.9

Share room with one member 88 37.9

Share room with>one 56 24.0

Sun exposure time ≤3 min/day 104 44.8

≤10 min/day 66 28.4

>10 min/day 62 26.7

Skin colour typeb II and III 82 35.2

IV 112 48.3

V 38 16.3

Dress typec Fully veiled 47 20.2

Partially veiled 133 57.3

Unveiled 52 22.4

Physical activity Inactive 197 84.9

Low activity 13 5.6

Moderately active 22 9.5

Milk intake Occasionallyd 72 31.0

Weeklye 108 46.6

Daily 56 22.4

Fish intake Never 76 32.8

Occasionallyd 84 36.2

Weeklye 72 31.0

Egg intake Occasionallyd 125 53.9

Weeklye 82 35.3

Daily 25 10.8

Meat intakef Weeklye 113 48.7

Daily 89 38.4

Twice a day 30 12.9

Carbonated drinks Occasionallyd 36 15.5

Weeklye 92 39.7

Daily 104 44.8

a Asma, Hawali and Farwania are governorates located in the centre of
Kuwait, Mubarak Al-Kabir andAhmedi are located South Kuwait, Jahara
is in the West
b Based on Fitzpatrick classification for skin colour-type [20]: II and III:
fair to medium skin tone that usually/moderately burns and difficultly/
gradually tans. IV: medium skin tone that rarely burns and always tans
well. V:olive to dark skin tone that very rarely or never burns and easily/
deeply tans
c Dress type; Fully veiled: clothing covering the whole body including
face, but may expose hands. Partially veiled: clothing covering the whole
body, except face, hands, and sometimes feet. Unveiled: clothing expos-
ing face, hands, feet, arms, legs
d Occasionally: ≤once a week
eWeekly: three times a week
fMeat intake includes lamb, beef, chicken and fish
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of consumption of good vitamin D sources such as milk and
fish was reported. Frequency of consumption of other food
items with special importance to bone health was also reported
such as milk, sour-milk, yoghurt, cheese, cream, dairy ice-
cream, fruits, vegetables, meat, eggs and carbonated drinks.
Frequency of consumption was reported in this study as never,
occasionally (<1/week), weekly (3/week), daily and twice a
day. Selection of items in the questionnaire was based on
common consumable items in Kuwait, frequency of consump-
tion and relative importance as a vitamin D source and for
bone health. The detailed results of this part will be reported in
a separate article. In the multiple regression models, only
associated food items with bone mineral content (BMC)
and/or bone mineral density (BMD) were used as independent
variables and these were milk, meat, eggs and carbonated
drinks.

Physical activity (PA): all students were asked to report the
frequency of their physical activity in minutes per week, and
whether they participated in any sports at school or gym. The
type of sport was reported to classify whether or not the
activity was considered of weight-bearing type. Weight-
bearing sports included walking, jogging, football, volleyball,
basketball, karate and aerobics.

Biochemical analyses: fasting blood samples were drawn
to measure serum 25OHD, parathyroid hormone (PTH) and
adjusted serum calcium (adCa). The analysis of 25OHD was
performed using a RIA kit (IDS Inc, USA), PTH was mea-
sured using the Immulite kit with the Immulite 1000 analyzer
(Siemens Medical Solutions Diagnostics, USA), and adCa
was measured using an automated chemistry analyzer (Dade
Dimension RXL, Diamond Diagnostics, USA). Inter-assay
and intra-assay CV% were 3.43 and 5.44 % for 25OHD,
respectively, 3.43 and 2.59 % for PTH, respectively and
0.6 % for adCa. Biochemical analyses were carried out in
Al-Sabah hospital. To verify our 25OHD results, 79 serum
samples from the summer group were measured using the
gold standard HPLC at the Supra-Regional Assay Services
Centre (SAS), Manchester, UK, which is well known for their
standardization protocol in measuring vitamin D metabolites
in the UK.

Bone measurements: all students underwent bone mineral
measurement at the lumbar spine (L1–L4) using dual-energy
x-ray absorptiometry (DXA) (Hologic Delphi I, QDR 4500,
USA) with Paediatric software (version 11.2:7). Bone area
(BA, cm2), BMC (g), BMD (g/cm2) and BMD z score for the
lumbar spine were measured. Precision CV% values for DXA
were 1.0 % for BMD.

Statistics

The variables were reported in mean±SD and median and
inter-quartile ranges (IQR). Non-parametric tests were used
intensively in this dataset because most of the variables were

not normally distributed (only bone variables and height were
normally distributed). Spearman’s correlation was used to
detect associations between variables and between possible
continuous predictors and serum 25OHD. Whereas Kruskal-
Wallis test was used to assess the differences in serum 25OHD
across groups of possible categorical predictors, Bland-
Altman test [21], Cohen’s kappa and Wilcoxon signed rank
test were used to compare immunodiagnostic systems (IDS)
and HPLC assays.

Binary logistic regression was used to identify the signifi-
cant predictors of 25OHD with a 25 nmol/L cutoff. This
divided serum 25OHD levels into <25 and ≥25 nmol/L. The
cutoff was set so low because only 27 % of the samples had
levels above 25 nmol/L, and three samples had levels above
50 nmol/L.

Parametric tests were applied to the bone variables as they
were normally distributed. Partial correlation was used to
assess various associations with BMC and BMD controlling
for the following confounders: MSM, height and weight. One
way analysis of variance (ANOVA) was performed to com-
pare BMC and BMD across the categories of variables. When
a significant difference was detected, Bonferroni test was used
to detect which categories were significantly different. The
potential predictors were log transformed to obtain approxi-
mate normal distribution and then entered as independent
variables in the multiple linear regression models. Only height
was normally distributed and thus was not log transformed.
Data was analyzed using SPSS software, version 17.0 (SPSS
Inc, Chicago, USA).

Results

Characteristics of the sample

Mean age was 15.37±1.67 years and puberty had occurred
among 96 % of the girls. Mean age at menarche was 12.11±
1.25 years, while height was 159±6.3 cm and weight was
60.6±15.5 kg (Table 2).

Compared to the 2000 CDC values [22], our girls were
found slightly shorter occurring in the 25th–50th percentile of
height. The exception was in age group 10, 11 to 12 (50th–
75th) and 18 (10th–25th). However, the percentage of girls
falling in these age groups was 8 % all together. Further, our
girls were found heavier in all age groups occurring mostly in
the 50th–75th percentile. Girls in age groups 10 to 12, 16 and
18 (29 % of the total) had a higher BMI percentile (75th–
97th).

Around 58.4 % had normal weight, while 20.2 % were
overweight and 18 % were obese based on the BMI classifi-
cation byMust [23]. The highest prevalence of normal weight
was found among the 13.00–14.49 age group, while the
highest percentage of overweight and obesity was found in
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the 17.50–18.99 age group. A positive correlation was found
between age and BMI (r=0.2, p=0.002).

Associations between 25OHD

The winter group obtained a lower median 25OHD than the
summer group (Table 2). Significant associations were found
between serum 25OHD and PTH (r=−0.476, p<0.001) and
between 25OHD and adCa (r=0.22, p<0.001). However,
partial correlation, controlling for the confounders PTH, dress
type, SE marker, w/h ratio, season and milk intake, revealed a
smaller association between serum 25OHD and PTH (r=
−0.244, p<0.001) and adCa (r=0.133, p<0.05). There was
no significant association between 25OHD and BMI, age,
MSM or BMC before and after controlling for the
confounders.

Serum 25OHD levels did not differ significantly between
those who were exposed to the sun for up to 3 min/day and
those who were exposed for a longer period (Table 3). Signif-
icant differences were not found in 25OHD levels between
Kuwaiti and non-Kuwaiti girls, or between girls living in

different governorates. Further, no significant difference in
serum 25OHD levels between different skin colour types
was evident.

On the other hand, serum 25OHD was significantly higher
in the unveiled girls compared to the partially veiled girls, but
not to the fully veiled, and was also significantly higher in the
females who consumed milk on a daily basis compared to
those who rarely consumed milk. Fish consumption did not
show a clear association with 25OHD levels.

There was a significant difference in serum 25OHD be-
tween the summer and winter groups only among the unveiled
girls (p<0.05) as the summer group obtained a mean of 25.9±
9.2 nmol/L and the winter group obtained a mean of 20±
6.6 nmol/L. The veiled girls in both the summer and winter
groups were not significantly different in their 25OHD levels.

Binary logistic regression analysis showed that PTH, SE
marker, dress type and w/h ratio were significant risk factors
of serum 25OHD, whereas season and milk intake showed a
trend in significance (Table 3). The significant risk factors and
those that showed a trend were entered as confounders and
covariates in partial correlations and ANCOVA, respectively.

Table 2 Clinical characteristics of the Kuwaiti adolescent females in each group and in total

Variables Summer groupa (n=122) Winter groupb (n=110) Total (n=232)

Mean±SD Median 25th 75th Mean±SD Median 25th 75th Mean±SD Median 25th 75th

Age (yrs) 14.99±1.83 14.83 13.67 16.44 15.80±1.37 15.88 15.00 16.54 15.37±1.67 15.58 14.19 16.48

Month since
menarche
(MSM)

2.77±2.10 2.38 1.17 4.19 3.83±1.79 3.75 2.58 5.08 3.27±2.03 3.42 1.77 4.83

Height (cm) 159.24±6.70 158.50 154.50 164.50 158.97±5.84 159.00 154.25 163.30 159.11±6.29 159.00 154.50 164.00

Weight (kg) 60.65±15.82 56.50 49.00 72.00 60.52±15.13 57.50 49.75 67.55 60.59±15.46 56.50 49.05 69.88

Body mass index
(BMI) (kg/m2)

23.78±5.55 21.85 20.02 27.24 23.81±5.05 22.98 20.02 27.11 23.80±5.31 22.47 20.02 27.17

Waist/hip (w/h)
ratio

0.77±0.06 0.76 0.73 0.81 0.76±0.05 0.76 0.73 0.79 0.77±0.05 0.76 0.73 0.81

Vitamin D
(25OHD)
(nmol/L)

22.69±8.40 20.04 16.88 26.15 20.11±5.76 18.95 16.03 22.33 21.47±7.37 19.40 16.40 23.68

Parathyroid
hormone (PTH)
(pmol/L)

9.32±10.24 6.80 4.88 9.54 9.11±10.84 6.15 4.28 8.93 9.22±10.51 6.60 4.70 9.20

Adjusted calcium
(adCa)
(mmol/L)

2.26±0.09 2.26 2.21 2.31 2.34±0.11 2.37 2.30 2.41 2.30±0.11 2.30 2.24 2.38

Bone area (BA)
(cm2)

51.88±5.32 51.76 48.23 55.65 53.78±5.08 54.29 50.57 57.37 52.78±5.29 52.78 49.02 56.34

Bone mineral
content (BMC)
(g)

46.75±9.34 47.1 40 53.2 48.41±9.77 48.13 41.94 53.38 47.54±9.67 47.69 41.32 53.28

Bone mineral
density (BMD)
(g/cm2)

0.89±0.81 0.91 0.81 0.99 0.89±0.12 0.9 0.81 0.96 0.89±0.12 0.90 0.81 0.98

Z score bone
mineral density

−0.125±1.11 0.05 −0.9 0.7 −0.464±1.157 −0.5 −1.3 −0.3 −0.29±1.15 −0.30 −1.00 0.50

a Summer group recruited between June–August in year 2005 and 2006
bWinter group recruited between January–February in 2007
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Vitamin D assay verification

Mean 25OHD of 79 serum samples measured by HPLC was
20.7±9.8 nmol/L compared to 22.03±7.22 nmol/L using our
IDS kit. Serum 25OHD2 was measured separately using
HPLC and was found to be negligible (mean±SD 1.06±
1.32 nmol/L).

Cohen’s kappa test showed that there was up to 0.31
agreement between the assays and Wilcoxon signed rank test

revealed a significant difference between the two (p<0.05).
The Bland and Altman plot (Fig. 1) showed that values
<20 nmol/L were likely to be overestimated by IDS, while
values >20 nmol/L were likely to be underestimated. IDS was
constantly underestimating 25OHD with values >28 nmol/L.
In total, IDS overestimated 65 % of the values. Only 3.8 % of
the values by IDS fell below 14 nmol/L compared to 29 % of
those by HPLC. Also, 30.4 % of the values in the lowest
quartile of HPLC were not recognized as being among the

Table 3 Risk factors of low vi-
tamin D status (25OHD
<25 nmol/L) in Kuwaiti adoles-
cent females (n=232)

Bold indicates significance at p<
0.05
a Binary logistic regression model
applied

Risk factora Odds ratio 95 % CI: p value

Lower Upper

SE marker 0.013

(Private room vs. sharing room with one) 3.727 1.418 9.796 0.008

(Private room vs. sharing with more than one) 0.999 0.365 2.730 0.998

Governorate: 0.522

(Asma, Hawalli, Farwania vs. Mubarak Al-kabir and Ahmedi) 1.788 0.595 5.369 0.300

(Asma, Hawalli, Farwania vs. Jahara) 0.920 0.346 2.445 0.868

Summer vs. winter 1.984 0.884 4.455 0.097

Waist/hip ratio (≤0.75 vs. >0.75) 2.097 1.002 4.387 0.049

Skin colour type (fair vs. dark) 0.650 0.294 1.438 0.288

Sun exposure time (>3 min/day vs. less) 0.944 0.444 2.009 0.881

Dress type (unveiled vs. veiled) 2.401 1.056 5.459 0.037

PTH (<7 pmol/L vs. more) 4.259 1.781 10.189 0.001

Milk intake: 0.093

(Daily vs. occasionally) 3.302 1.100 9.908 0.033

(Daily vs. weekly) 1.503 0.617 3.660 0.370

Fish intake: 0.439

(Weekly vs. never) 1.680 0.669 4.221 0.270

(Weekly vs. occasionally) 1.662 0.684 4.038 0.262
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Fig. 1 Bland and Altman plot
showing the level of agreement
between 25OHD values using
HPLC and IDS RIA (n=79). The
limits of agreement are shown by
the +2SD and −2SD. The mean
difference was below zero
(−1.3 nmol/L). This indicates that
IDS RIA tends to overestimate
25OHD with lower values
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lowest quartile of IDS. In 95 % of the cases, overestimation
occurred by up to 10 nmol/L and underestimation occurred by
up to 7.4 nmol/L.

BMC and BMD associations and potential predictors

Mean BMC was 47.54±9.67 g, whereas, mean BMD was
0.89±0.12 g/c2 (Table 2). After controlling for height, weight
and MSM, significant associations were found between BMC
and serum 25OHD, PTH and adCa (r=0.136, p<0.05, r=
−0.266, p<0.001 and r=0.134, p<0.05, respectively), and
between BMC and weight, wrist, waist and hip circumfer-
ences (r=0.315, p<0.001, r=0.272, p<0.001, r=0.212, p<
0.001, and r=0.272, p<0.001, respectively). No association
was found with age (p>0.05). No significant difference in
meanBMC between the summer and winter groups was found
(p>0.05). Associations between BMD and serum 25OHD,
PTH and adCa were (r=0.178, p<0.01, r=−0.29, p<0.001
and r=0.113, p=0.083, respectively) controlling for height,
weight and MSM.

Further, 85 % were physically inactive, having no partici-
pation in weight-bearing activity or any type of exercise
(Table 1). Mean BMC of this group was 46.78±9.73 g com-
pared to 54.1±6.74 g obtained by the moderately active group
(9.5 %) showing a significant difference (p<0.01).

Using a multiple linear regression model with the indepen-
dent variables height, weight, w/h ratio, wrist circumference,
MSM, 25OHD, PTH, adCa, milk intake, meat intake, egg
intake, carbonated drinks intake and PA, only height, weight,
MSM, PTH, meat intake and PA were significant predictors
for BMC. They contributed to 49.7 % of its variation
(Table 4).

Discussion

Extremely low vitamin D status

Despite ample sunshine year-round, the highest serum
25OHD level obtained was 61 nmol/L. The females were
recruited from all around the country, and thus, it is likely to
expect that the low 25OHD levels are common among the
adolescent female population in Kuwait.

Low 25OHD levels have been reported frommany parts of
the Middle East such as Lebanon, Jordan and Iran, with much
lower levels found in populations of the Arabian Peninsula
[1]. In a recent study, 81 % of Saudi adolescent females had
levels <25 nmol/L [24], and 51.4 % of Qatari adolescent
females were reported to be vitamin D deficient [25].

Earlier studies in Kuwait have shown similar results in
women in which mean 25OHD levels were reported to be
<16 nmol/L [2] and 86 % of the women in an early study
obtained levels <25 nmol/L [7].

Although 25OHD levels ≥50 nmol/L has been set for the
general population to support good bone health [18], further
studies are needed to determine whether children and adoles-
cents need a different cutoff.

Risk factors of low vitamin D status

The reported time of sun exposure was subject to inaccuracy
and overestimation. It was found common among the females
to have a sun-avoiding attitude for cosmetic reasons. Howev-
er, none had reported the use of sunscreen. Whereas, it was
shown in a previous study that the use of sunscreen among
adults in Kuwait is prevalent [26].

Temperatures are extremely high during the months of
June–August, and are tolerable during the rest of the year.
However, most of the daily activities are preferred to be
carried out indoors to avoid the hot breeze, direct sunlight
and dust. It is mainly in spring when people tend to increase
outdoor activities such as camping in the desert. Private cars
are the main transportation for families in Kuwait. Walking is
seldom practiced as a method of transportation.

The literature shows that fair coloured skin produces more
serum 25OHD levels when exposed to direct sunlight [27].
However, Kruskall-Wallis test revealed a significantly higher
serum 25OHDmean in the darker group (type V) compared to
the fairer groups (type II, III and IV), which disagrees with the
general finding.

A logical explanation would be that dark skin might indi-
cate prolonged sun exposure, and this might partly explain
why girls of type Vobtained significantly higher levels. Sixty
one percent of them spent up to 20 min/day under direct sun
exposure compared to 54 % of the girls with fairer types (II,
III, IV). Also, 40 % of them were unveiled compared to only
19 % of types II, III, IV.

Fewer residences, nowadays, have an open area exposed to
direct sunlight. This is because small and young families are
living in apartments, whereas wealthy families can afford big
houses with open areas and manymay afford a beach house as
well to spend the weekends and holidays.

Thus, a simple way of determining SE status was by asking
whether the participant had a private room, which would
likely indicate a higher SE status, and perhaps, owning a
bigger house and/or a beach house. We have found that the
girls who had a private room had significantly higher 25OHD
levels probably due to more frequent exposure time under
direct sunlight.

Schools, therefore, might be one of the few places where
the majority of female students, especially veiled females, can
spend enough time under sunlight. It is unfortunate, however,
that although schools are designed to have an open ground for
daily assembly, most tend to cover it.

Obesity is another risk factor for a low vitamin D status and
has been associated in many studies with lower 25OHD levels
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[5, 28]. We have found that females who had a waist/hip ratio
of more than 0.75 were twice as likely to have 25OHD levels
<25 nmol/L. With the rise in obesity in the population [29],
low vitamin D status in Kuwait would be very common.

Veiling as a risk factor of low vitamin D status has been
reported previously in Kuwait [7] and in other regions [8]. The
veiled females, in this data set, had a relatively lower 25OHD
level compared to the unveiled females and they were twice as
likely to obtain 25OHD levels <25 nmol/L compared to the
unveiled females.

Further, we have found that the partially veiled females had
lower 25OHD levels compared to the fully veiled females.
This was unexpected because the fully veiled females gener-
ally exposed less skin area, they did not report spending more
time under the sun and did not report consuming more milk or
fish. However, their skin was relatively fairer. Only 8.5 % of
themwere dark (Vand VI) compared to 14.3% of the partially
veiled group and 29 % of the unveiled group.

Milk consumption has been previously associated with
higher levels of serum 25OHD [4]. We have found that rare
consumption of milk increases the risk of 25OHD levels
<25 nmol/L three times higher than those who consume milk
on a daily basis. The vast majority of milk brands available in
Kuwait claim to be fortified with 400 IU/L vitamin D, and this
perhaps has contributed to the variation in serum 25OHD
levels.

Serum 25OHD levels have shown to fall dramatically in
winter [30], due to the decrease in UV-B. In Kuwait, however,
the decrease in UV-B from sun rays is not significant and sun
light continues to shine all year round [31].

Interestingly, the fluctuation in 25OHD levels between the
seasonal groups was mostly found among the unveiled girls,
perhaps because those girls wear lighter clothing in summer
and heavy clothing in winter, resembling their veiled peers.

IDS RIA verification

We found that the IDS RIA method overestimated 25OHD
levels <28 nmol/L. This finding would suggest that the per-
centage of females in our study with low serum 25OHD levels
is greater than that found. RIA has previously shown a similar
trend [32]. With very low 25OHD values being common in
Kuwait, IDS assay would, therefore, frequently overestimate
the values. Further, IDS is unable to detect 25OHD2 with the
same efficiency as 25OHD3 [33]. This test, thus, would be
unreliable if the population depends on vitamin D supplemen-
tation from plant sources. In Kuwait, cholecalciferol (vitamin
D3) remains the main source for vitamin D fortification and
supplementation, and our results showed negligible serum
25OHD2 levels.

However, despite its tendency to overestimate 25OHD
levels, the IDS method agrees overall with HPLC when clas-
sifying values <25, 25–50 or ≥50 nmol/L. Using HPLC

methodology, 74.4 % were <25 nmol/L and 97.6 % were
between 25 and 50 nmol/L, whereas using the IDS method,
72.5 % were <26 nmol/L and 97.6 % were between 25 and
50 nmol/L, respectively. Only nine samples were misplaced.

Bone status among the Kuwaiti adolescent girls

Compared to the Canadian normative data for paediatrics,
mean z score for BMD were found to be low. The values are
also lower than their Lebanese counterparts [34]. An earlier
study had shown that the spinal and femoral BMD values of
623 healthy Kuwaiti women were not significantly different
from the normative Caucasian (US/North European) female
reference data used, and that the values were higher than the
Arab female reference data (Lebanese/Saudi) [35].

However, a more recent study found that the spinal and
femoral BMD of 805 Kuwaiti women were significantly
lower than their US counterparts, except for the femoral
BMD at ages 40 through 55 years where the Kuwaiti values
significantly exceeded [36]. The Kuwaiti BMD values were
found significantly higher than their Lebanese counterparts
and comparative to their Saudi and Qatari counterparts [37].

Given that most of the bone mass of the proximal femur
and vertebral body is accumulated by late adolescence [13],
the relatively low values found in the females might increase
their risk of developing osteoporosis even earlier than their
mothers.

Dietary and physical impact on BMC

Generally, bone mass has been associated with certain foods,
such as dairy, protein, carbonated drinks, vegetables and fruit
consumption. However, studies have shown controversial and
inconsistent results. For example, some studies have shown
that the risk of hip fracture is reduced by an increased con-
sumption of animal protein [38]; others have found that high
animal protein intake is associated with lower BMD [39].
Animal protein intake, in our results, was negatively associ-
ated with BMC and had predicted 11 % of its variation. Meat
consumption is very common among the population, and
teenagers frequently depend on fast food restaurants for their
meat-dense meals. Thus, it is worth assessing the meat intake-
bone mass relation further to determine the possible effect of
meat intake on PBM.

Milk, vegetable and fruit consumption have been positively
associated with BMC and BMD. In this study, however, we
found no significant association.

Physical activity has shown to be a promising way to
increase bone mass in children [40]. Adolescent female ath-
letes and gymnasts have shown a significant increase in BMC
and BMD values in various skeletal sites and, accordingly,
greater peak bone mass attainment [41]. In our study, physical
activity was positively associated with BMC and predicted

Arch Osteoporos (2014) 9:178 Page 9 of 11, 178



10.2 % of its variation. The fact that 85 % of the girls had not
participated in any form of sports or regular exercise was
likely to contribute to their low BMC values.

The PTH, 25OHD and bone connection

Adolescent females who had serum PTH ≥7 pmol/L were four
times more likely to have 25OHD <25 nmol/L. The signifi-
cant inverse association between PTH and 25OHD is in
concordance with the current literature [42]. The association
between PTH and bone indices, however, is not consistent.
Whereas some studies have shown that elevated serum PTH
levels result in significantly lower BMD values [43], others
have found no association [44]. In a study on elderly men and
women from the UK and China, a significant association
between PTH and hip BMC was found in the UK group, but
not in the Chinese group despite the latter having significantly
lower 25OHD and higher PTH values [44]. No significant
difference in rates of bone loss was found between African
American women who had 25OHD levels below and above
40 nmol/L [45].

Thus, the relation between PTH and bone mass is more
likely influenced by a number of factors including ethnicity.
Similarly, the relation between 25OHD and bone indices may
be subject to confounders and is not consistently demonstrated
in studies. In our study, serum 25OHD had no direct associ-
ation with BMC or any of the bone indices, whereas PTH was
an independent predictor of BMC. This demonstrates the
impact of PTH on bone mass, and thus, the impact of
25OHD on bone health. The fundamental, well recognized,
role of vitamin D is to increase intestinal calcium absorption,
which, in turn, increases serum calcium for its physiological
functions including depositing in the bone matrix. PTH works
synergistically with 25OHD and calcium in the body and
plays an important role in the regulation of both serum levels
of calcium and phosphate, in addition to its role in activating
25OHD into 1,25OHD in the kidneys.When either calcium or
25OHD is insufficient, PTH acts by stimulating the process of
dissolving the bonematrix to liberate minerals, hence, increas-
ing serum calcium as needed. Thus, insufficient 25OHD and/
or calcium levels are associated with an increase in PTH.

Conclusion

Low vitamin D status is prevalent in Kuwaiti adolescent girls
in whom 78.4 % obtained levels <25 nmol/L. Risk factors for
low vitamin D status were serum PTH level >7 pmol/L, not
having a private room, rarely consuming milk, being veiled
and having a waist/hip ratio of >0.75.

Maintaining a normal serum PTH level, an adequate
25OHD level, regular exercise, in addition to a healthy diet
are essential factors to increase PBM.
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