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Abstract: Vitamin D deficiency is a global health threat that has been associated with several chronic diseases. 
Selenium is an essential trace element because of role in major metabolic processes, immune function, thyroid 
hormone metabolism, male infertility, neoplasms and cardiovascular disease. We aimed to investigate for the first 
time in the Saudi population the association between vitamin D and selenium status with various dietary products 
consumption. A total of 259 children and 95 adults were included in this cross-sectional study. We estimated the 
consumption frequencies of various dietary food products using a qualitative food frequency questionnaire (FFQ) 
and also measured serum levels of 25-hydroxyvitamin D and selenium. Associations between variables of interest 
were assessed.  Vitamin D deficiency and insufficiency were observed in 80% of the boys, 90% of the girls, 64% 
of men and 50% of women. Modest associations were found between mean serum 25 (OH) D concentration and 
consumption frequencies of fresh milk in children (r=0.11; P<0.05), more specifically in girls (r=0.12; P<0.05), and 
to the overall consumption of dairy products in women (r=0.12; P<0.05). Vitamin D status was also inversely associ-
ated with selenium in adults (r=-0.43; P<0.05). There was a significant correlation between delta changes of serum 
selenium, triglycerides and HDL levels (P-values <0.05). Vitamin D and selenium levels are modestly associated 
with dietary products consumption. Changes in selenium levels were associated with increased serum triglyceride 
levels, indicating a potential biomarker for cardiovascular risk and dyslipidemia. The widespread vitamin D defi-
ciency observed in the present study highlight the need for adequate fortification of dairy products.
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Introduction 

Both vitamin D and selenium are essential 
micro-nutrients for the human body. Their defi-
ciencies are significantly linked to skeletal and 
immune system disorders. Vitamin D aids bone 
growth by increasing calcium absorption [1] 
and its deficiency is associated with numerous 
calcium deficiency-related conditions such as 
rickets, osteomalacia, secondary hyperpara-
thyroidism and fracture risk [2, 3]. Vitamin D 
has recently been found to functions beyond 
bone formation. Vitamin D plays an important 

role in the immune system’s battle against 
infection and control of inflammation. Receptors 
for active Vitamin D 1, 25 (OH)2 D3 (VDRs) are 
found in almost all immune cells. In umbilical 
cord blood samples, low levels of 25 OHD have 
been associated with low levels of the anti-
inflammatory cytokine, Interleukin-10. Both the 
innate and adaptive arms of immunity are 
affected by Vitamin D. In adaptive immunity, 1, 
25 (OH)2 D3 both enhances the release of IL-10 
and inhibits the expression of inflammatory 
cytokines in monocytes, including IL-1, IL-6, TNF 
alpha, IL-8, and IL-12. Furthermore, vitamin D is 
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Table 1. General characteristic of subjects

Parameters
Adults Children

Males Females P-Value Boys Girls P-Value
N 24 71 113 146

Age (years) 28.33 ± 12.91 33.08 ± 10.79 0.08 14.39 ± 1.54 14.43 ± 1.57 0.20

BMI (kg/m2) 30.66 ± 6.04 29.75 ± 7.35 0.59 23.38 ± 6.23 22.95 ± 4.97 0.56

Systolic Blood Pressure (mmHg) 114.61 ± 56.3 125.52 ± 19.85 0.16 119.8 ± 26.0 116.8 ± 14.4 0.25

Diastolic Blood Pressure (mmHg) 62.87 ± 31.56 77.17 ± 13.50 0.04 69.65 ± 18.23 73.14 ± 12.33 0.07

Glucose (mmol/l) 5.57 ± 1.07 5.87 ± 2.57 0.58 5.34 ± 0.95 5.16 ± 0.99 0.13

Triglycerides (mmol/l)# 1.3 ± 0.48 1.46 ± 0.83 0.97 1.19 ± 0.59 1.21 ± 0.59 0.81

Total Cholesterol (mmol/l) 3.85 ± 1.05 4.45 ± 1.21 0.03 3.66 ± 0.84 3.56 ± 1.19 0.45

HDL-Cholesterol (mmol/l) 0.86 ± 0.18 1.0 ± 0.21 0.007 0.93 ± 0.24 0.97 ± 0.23 0.15

Vitamin D (nmol/l)# 33.25 ± 16.36 32.99 ± 20.37 0.46 34.54 ± 13.57 27.58 ± 15.75 < 0.001

Selenium (µg/L)# 128.69 ± 33.23 91.63 ± 54.38 < 0.001 114.93 ± 61.04 101.09 ± 54.73 0.013
Note: Data presented as mean ± standard deviation; #Denotes non-Gaussian distribution; p-value significant at P<0.05. 

a regulator of several physiological functions as 
observed from the expression of VDR, in sever-
al human tissues [4, 5], and vitamin D insuffi-
ciency has also been implicated as a risk factor 
for type 1 diabetes mellitus, multiple sclerosis, 
autoimmune conditions, CVD and cancer [6, 7].  

Sunlight is an indispensable source of endoge-
nous vitamin D. However, inadequate exposure 
to sunlight or dark skin color can significantly 
affect the synthesis and necessitate additional 
dietary sources or supplements of vitamin D 
[8]. Various factors such as ethnicity, geograph-
ical location, cultural practices and food habits 
can influence vitamin D levels necessitating 
population specific approach to dietary require-
ments and related studies.  

High levels of vitamin D deficiency have been 
reported in many parts of the world [9, 10]. 
Even though Saudi Arabia gets ample sunlight 
throughout the year, high prevelance of vitamin 
D insufficiency has been recorded in the popu-
lation, which has been mainly attributed to 
reduced outdoor activity and lack of vitamin 
D-fortification of common foods [11-13]. 

Selenium is a trace element considered essen-
tial because of  its participation in major meta-
bolic functions, immune system, thyroid hor-
mone metabolism [14, 15], male infertility, neo-
plasms and cardiovascular disease [15]. It also 
has antioxidant properties [14]. Selenium is an 
active-site component of glutathione peroxi-
dase (GPx) [16]. This enzyme contains four 

Table 2. Bivariate associations between serum selenium, dietary intake of selenium-rich foods, and 
measured variables

All Subjects All Adults Males Females All Children Boys Girls
Intake of Sardines 0.04 0.07 0.01 0.02 0.05 0.13 0.006
Intake of Salmon 0.08 -0.02 0.05 -0.10 0.12* 0.14 0.14
Intake of Tuna 0.03 0.007 -0.14 0.01 0.03 0.14 -0.02
Intake of Egg -0.04 -0.02 0.34 -0.03 -0.04 0.12 -0.11
Intake of Yoghurt 0.08 0.10 -0.34 0.14 0.09 0.11 0.06
Intake of Cheese -0.10 -0.16 0.009 -0.16 -0.08 -0.08 -0.08
Age (years) 0.04 -0.16 0.11 -0.09 0.13* 0.19* 0.12
BMI (kg/m2) -0.02 -0.02 0.21 -0.08 -0.002 0.04 -0.06
Systolic Blood Pressure (mmHg) 0.05 0.01 0.05 -0.08 0.09 -0.13 0.20*
Diastolic Blood Pressure (mmHg) -0.02 -0.10 0.03 -0.03 0.03 -0.11 0.14
Glucose (mmol/l) 0.02 0.02 0.002 0.02 -0.001 -0.08 0.02
Triglycerides (mmol/l)# -0.10* -0.12 -0.08 -0.15 -0.10 -0.02 -0.16*
Total Cholesterol (mmol/l) -0.08 -0.29** -0.41* -0.21 0.009 -0.10 0.06
HDL-Cholesterol (mmol/l) -0.13* -0.32** -0.25 -0.24* -0.07 -0.11 0.04
Vitamin D (nmol/l)# 0.09 0.05 -0.43* 0.02 0.12* 0.07 0.10
Note: Data presented as coefficient (R); *Denotes significance at 0.05 level; **Denotes nificance at 0.01 level.
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quencies of different dairy products consump-
tion and vitamin d and selenium concentration 
in young and adult populations of Saudi Arabia.

Materials and methods

Study population

The study subjects were randomly selected 
from different primary health care centers with-
in Riyadh, Saudi Arabia, and. consisted of 327 
boys (mean age, 14.9 ± 1.6 years), 493 girls 
(14.8 ± 1.6), 249 men (27.9 ± 0.8), and 316 
women (32.2 ± 0.6), who were apparently 
healthy. Written informed consents from adults 
as well as from parents of children and adoles-
cents were obtained prior to inclusion. Subjects 
with chronic conditions, such as asthma, type 
1 diabetes mellitus, hypertension, history of 
cardiac, kidney or liver disease, use a medica-
tions known to affect body weight (such as ste-
roids), afflicted by psychiatric conditions, and 
those taking calcium, vitamin D, or multivita-
min supplements were excluded from the 
study. Ethical approval was obtained from the 
Ethics Committee of the College of Science 
Research Center, King Saud University, Riyadh, 
Saudi Arabia. A pre-designed and approved 
questionnaire, which included questions on 
socio-demographic data, medical history, and 
food frequency, was administered to all partici-
pants. Physical examination was carried out by 
the attending physician to determine whether 
the participants met the inclusion criteria.

Table 3. Bivariate associations between serum vitamin D, dietary intake of vitamin D-rich foods, and 
measured variables

All Subjects All Adults Males Females All Children Boys Girls
Intake of Fresh Milk -0.17** -0.10 -0.02 -0.14 -0.18** -0.05 -0.24**
Intake of Powdered Milk -0.05 0.04 0.26 -0.02 -0.06 -0.07 -0.003
Intake of Laban -0.08 -0.08 0.20 -0.18 -0.07 -0.03 -0.06
Intake of Yoghurt -0.045 -0.05 0.41 -0.20 -0.03 -0.03 -0.09
Intake of Cheese -0.11* -0.14 -0.17 -0.15 -0.09 -0.06 -0.14
Age (years) 0.002 0.22* 0.39 0.16 -0.05 -0.20* 0.06
BMI (kg/m2) -0.07 -0.008 0.11 -0.06 -0.11 -0.16 -0.09
Systolic Blood Pressure (mmHg) 0.004 0.06 -0.21 0.15 -0.03 -0.28** 0.02
Diastolic Blood Pressure (mmHg) -0.08 -0.03 -0.26 0.07 -0.14* -0.16 -0.09
Glucose (mmol/l) 0.02 0.14 0.13 0.16 -0.012 -0.10 -0.01
Triglycerides (mmol/l)# 0.03 0.18 0.14 0.20 -0.04 -0.19 0.05
Total Cholesterol (mmol/l) -0.05 -0.007 0.34 -0.06 -0.09 -0.11 -0.08
HDL-Cholesterol (mmol/l) 0.01 -0.01 0.25 -0.04 0.01 0.10 0.05
Selenium (µg/L)# 0.09 0.05 -0.43* 0.02 0.12* 0.07 0.10
Note: Data presented as coefficient (R); *Denotes significance at 0.05 level; **Denotes significance at 0.01 level.

atoms of selenium and is responsible for nearly 
30% of plasma selenium levels [14]. GPx has 
antioxidant function, thereby protecting body 
cells from oxidation and reducing toxic sub-
stances caused by oxidative stress. Furth- 
ermore, selenium has known roles in thyroid 
and immune function [17], while its serum level 
has been associated with cardiovascular risk 
[18] and hypertension [19]. Mykkanen and col-
leagues have demonstrated an increase in sel-
enite (inorganic form of selenium) uptake by 
cholicalciferol treatment [20].

Very few of the common food items contain 
vitamin D. Some fish (such as salmon, tuna, 
and mackerel) and fish liver oils are among the 
best sources, while small amounts of vitamin D 
are found in beef liver and egg yolks [14, 21]. 
Some mushrooms contain vitamin D2 in vari-
able amounts [22]. The common dietary food 
sources of vitamin D are fortified milk and dairy 
products [14, 21]. Likewise variety food contain 
selenium, like nuts (0.53 mg/kg), offal (0.44 
mg/kg), fish (0.3 mg/kg) eggs (0.19 mg/kg) 
and poultry (0.14 mg/kg) [23]. 

Complete data on the dietary vitamin D and 
selenium intake and their serum status are 
needed to device future dietary fortification 
plans to overcome their deficiency situation. 
Therefore, the aim of the present study was to 
assess the vitamin D and selenium status and 
to further define the association between fre-
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Anthropometry 

All anthropometric parameters were obtained 
while the subject was standing erect and bare-
foot. Anthropometrics included height (rounded 
off to the nearest 0.5 cm); weight (rounded off 
to the nearest 0.1 kg) using an appropriate 

international standard scale (Digital Pearson 
Scale, ADAM Equipment Inc., USA). Waist cir-
cumferences were measured using non-
stretchable tape. Body mass index (BMI) was 
calculated using the formula: weight in kilo-
grams (kg) divided by height in squared meters 
(m²). Definition of BMI was based on the cutoffs 

Table 4. Intake of selenium-rich food comparison between adults and children 
Parameter Adults Children P-Value
N 95 259
How many times do you eat Sardines? NS
     One to three times per day 1.1 1.2
     One to two times per week 10.9 7.2
     Three to five times per week 2.2 4.4
     Three to five times per month 21.7 18.5
     Chose not to answer 62.1 68.7
How many times do you eat Salmon? NS
     One to three times per day 2.2 1.2
     One to two times per week 3.3 4.5
     Three to five times per week 3.3 5.8
     Three to five times per month 23.1 20.6
     Chose not to answer 68.1 67.9
How many times do you eat Tuna? NS
     One to three times per day 7.8 8.0
     One to two times per week 24.4 28.0
     Three to five times per week 20.0 21.6
     Three to five times per month 28.9 24.8
     Chose not to answer 18.9 17.6
How many times do you eat Egg? 0.004
     One to three times per day 16.7 29.0
     One to two times per week 32.2 32.1
     Three to five times per week 30.0 19.0
     Three to five times per month 16.7 9.5
     Chose not to answer 4.4 9.9
How many times do you consume yoghurt (≈ 170ml)? 0.051
     One to three times per day 20.7 20.8
     One to two times per week 23.9 30.8
     Three to five times per week 18.5 17.6
     Three to five times per month 29.3 15.6
     Chose not to answer 7.6 15.2
How many times do you consume cheese? NS
     One to three times per day 40.2 42.9
     One to two times per week 30.4 28.2
     Three to five times per week 15.2 16.3
     Three to five times per month 9.8 6.3
     Chose not to answer 4.3 6.3
Note: Data presented as percentage (%) for frequencies; mean ± standard deviation for continuous variables. P-value signifi-
cant at <0.05.
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proposed by Cole and colleagues [17]. 
Standardized mercury sphygmomanometer 
was used to take the blood pressure of each 
participant 30 min after complete rest.

Lipid profile measurement in serum samples 

Fasting blood glucose, lipid profile, concentra-
tions were measured routinely using a chemi-
cal analyzer (Konelab, Espoo, Finland). 

Vitamin D measurement in serum samples

25 (OH) D was measured using COBAS e-411 
automated analyzer (Roche Diagnostics, 
Indianapolis, IN, USA). The various states of 
vitamin D status were defined as following: defi-

cient (<25 nmol/L); insufficient (25-50 nmol/L); 
sufficient (50-75 nmol/L) and desirable (>75 
nmol/L).

Selenium measurement in serum samples

Serum Se level was determined by Shimadzu 
graphite furnace atomic absorption spectrom-
etry, Shimadzu, Model: AA- 7000 Series 
equipped with auto sampler. Pyrolytically coat-
ed tubes were used as atomizers. The condi-
tions for selenium were: A Shimadzu selenium 
hollow cathode lamp with wavelength of 196.0 
nm, lamp current: 290 mA, slit width: 2.0 nm, 
matrix modifier was Paladium modificator. The 
detection limit of the method was less than 5 

Table 5. Intake of vitamin D-rich food comparison between adults and children
Parameter Adults Children P-Value
N 95 259
How many times do you consume fresh milk (≈ 240 ml)? 0.047
     One to three times per day 25.0 38.7
     One to two times per week 27.4 20.6
     Three to five times per week 12.6 14.5
     Three to five times per month 11.6 12.5
     Chose not to answer 21.1 13.7
How many times do you consume powdered milk (≈ 240 ml)? 0.161
     One to three times per day 8.9 22.3
     One to two times per week 18.9 12.1
     Three to five times per week 16.7 16.6
     Three to five times per month 22.2 15.0
     Chose not to answer 33.3 34.0
How many times do you consume laban (≈ 240 ml)? 0.033
     One to three times per day 20.0 30.3
     One to two times per week 24.2 26.5
     Three to five times per week 11.6 16.3
     Three to five times per month 17.9 11.8
     Chose not to answer 21.1 15.5
How many times do you consume yoghurt (≈ 170 ml)? 0.707
     One to three times per day 20.7 20.8
     One to two times per week 23.9 30.8
     Three to five times per week 18.5 17.6
     Three to five times per month 29.3 15.6
     Chose not to answer 7.6 15.2
How many times do you consume cheese? 0.96
     One to three times per day 40.2 42.9
     One to two times per week 30.4 28.2
     Three to five times per week 15.2 16.3
     Three to five times per month 9.8 6.3
     Chose not to answer 4.3 6.3
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ug/L, precision (<11%) and inaccuracy (<1%). 
Samples were diluted in proportion 1:10 with a 
special reducing reagent containing Ascorbic 
acid, Triton X-100 and Antifoam B Emulsion in 
deionized water to improve the sample viscosi-
ty and reproducibility of the results. Stock stan-
dard solutions for selenium were prepared from 
the commercial Se standard (1000 mg/L) 
Solution Acros Organics (USA). The working 
standard solutions were prepared weekly by 
appropriate dilution and kept refrigerated at 4 
oC. Argon was applied as protective gas and 10 
μL samples were injected into the graphite fur-
nace (GF). All samples were analyzed in dupli-
cate. Human reference serum (Seronorm™ 
Trace Elements in Serum) from Sero AS 
(Billingstad, Norway) was used to check the 
entire proposed analytical method reliability. 
This reference material was supplied in lyophi-
lized form and reconstituted by dissolving the 
vial total content using high purity de-ionized 
water. The results for the reference sample 
agreed with the certified acceptable range of 
selenium concentration.

Statistical analysis

The Statistical Package for the Social Sciences 
(SSPS) for Windows version 16.0 (Chicago, 
Illinois) was used for statistical evaluation of 
the data. Frequencies were presented as per-
centages (%) and continuous variables were 
presented as mean ± standard deviation. Chi-
Square test was done to compare frequencies 
and independent T-test for normally distributed 
continuous variables. Pearson correlation was 
done to assess associations between variables 
of interest. Significance was set at P-value < 
0.05.

Results

General characteristics of children

General characteristics of participating chil-
dren are presented in Table 1. Overall, boys 
had a significantly higher level of mean vitamin 
D and selenium than girls (P<0.05), the sub-
jects of the two groups being similar in mean 
age and BMI. This was also reflected in higher 
(49.5) percentage of girls having vitamin D defi-
ciency. Approximately 80% of the boys and 90% 
of the girls of our study population had defi-

cient/insufficient levels of vitamin D. consump-
tion frequencies of specific products, such as 
fresh milk, powdered milk, laban (butter milk) 
and yoghurt but not cheese (Table 2), gave sig-
nificant boys and girls. There are significant dif-
ferences in the salmon intake by children and 
their selenium level (Table 3).

General characteristics of adults

Results of general characteristics of participat-
ing adults are presented in Table 1. 
Approximately 64% of men and 50% of women 
participants of our study had deficient/insuffi-
cient levels of vitamin D. The vitamin D status-
es of men and women were different with men 
having slightly higher vitamin D levels than 
women. However, men and women differed in 
their respective mean ages and BMI and hence, 
do not allow a direct comparison between the 
genders. Overall, men had higher percentage of 
individuals with deficient and insufficient vita-
min D levels than women, and women had high-
er percentage of women with sufficient and 
desirable levels of vitamin D. Significant differ-
ences between men and women were observed 
only with regard to the consumption frequen-
cies of powdered milk and cheese. Significant 
differences between males and females were 
also observed with regard of selenium level. 
Girls and females always have lower selenium 
than boys and males, respectively. In males 
there was a significant correlation between 
delta changes of serum selenium and triglycer-
ide and HDL levels (r=0.32, P=0.04) (Table 3). 
Moreover, a significant correlation between 
delta changes of vitamin D and PTH (r=-0.28, 
P=0.03 and r=-0.26, P=0.03) were observed 
both in males and females, respectively.

Association between type and frequency of 
consumption dietary products and vitamin D 
and selenium status

Results of bivariate analysis of association 
between selenium status and frequency and 
type of selenium-rich Food are shown in Table 
4. Frequency of overall egg and Yoghurt con-
sumption was significantly in children (P<0.05). 
Also, frequency of overall vitamin D dairy prod-
uct consumption was significant in women 
(r=0.12, P<0.05). Frequency of fresh milk con-
sumption affected the vitamin D levels in the 
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overall population and more specifically in chil-
dren including girls (Table 5). 

Discussion

This study aimed to explore the association 
between the type and frequency of dietary 
products consumption on the vitamin D and 
selenium status in children and adults of Saudi 
Arabia. We found that frequency of intake of 
fresh milk was significantly associated with 
vitamin D status in the overall population and 
this was more pronounced in children especial-
ly among girls; in addition, overall dairy prod-
ucts consumption was associated with vitamin 
D status in women. Approximately 80% of the 
boys and 90% of the girls of our study popula-
tion had deficient/insufficient levels of vitamin 
D suggesting, overwhelming prevalence of vita-
min D deficiencies in Riyadh, Saudi Arabia. In 
our previous study in 2010, on a Saudi popula-
tion consisting of boys and girls (n=300) of sim-
ilar ages and from the same region of Riyadh, 
approximately 10% had severe 25-hydroxyvita-
min D deficiency (<12.5 nmol/L) while 50% of 
the boys and 40% of the girls had mild vitamin 
D deficiency (12.5-24.9 nmol/L) [24]. In anoth-
er study involving 331 Saudi boys and girls, 
aged 6-17 years, we showed that almost all the 
subjects had mild, moderate or severe vitamin 
D deficiencies [11]. A high prevalence of vita-
min D deficiency in Saudi Arabia was also 
reported by Al-Elq in a study involving 198 sub-
jects (mean age of 19.4 yrs) in which he showed 
low vitamin D levels in 100% of the students 
[25]. Approximately 64% of men and 50% of 
women participants of our study had deficient/
insufficient levels of vitamin D, which suggests 
an improvement in vitamin D status with age. In 
this respect, it is relevant to note that in a previ-
ous study, age was identified as an indepen-
dent predictor of vitamin D status in Saudi 
adults [26]. Our results are similar to those of 
Elsammak et al., who reported high prevalence 
of vitamin D deficiency in a population living in 
the Eastern region of Saudi Arabia despite 
>65% of participants having adequate expo-
sure to sunlight and >90% reporting adequate 
intake of dairy products [27]. Natural milk and 
various dairy products contain only negligible 
amounts of vitamin D and hence are fortified 
voluntarily by manufacturers in Western coun-
tries, following FAO guidelines [28]. However, 
completely absent or deficient vitamin D fortifi-

cation of dairy and other products in Saudi 
Arabia, as reported by Sadat-Ali et al., [29] may 
be one of the major reasons for widespread 
deficient levels of vitamin D as compared to 
that in US and other Western countries. 
Inadequate fortification has been identified as 
the reason behind low vitamin D status even in 
developed nations, while the determination of 
appropriate level of vitamin D required for 
healthy living and, hence, the required level of 
fortification  are still under active research [28].

In males, a significant increase in the serum 
selenium level was observed and there is sig-
nificant relation between vitamin D and seleni-
um level. This relation has not been well stud-
ied, but low selenium intake has been associ-
ated with an increased risk for bone diseases 
[30]. Moreover, it has been shown that a single 
intravenous doses of 100 IU cholecalciferol, 
100 IU ergocalciferoi, or 0.1 µg 1,25 dihydroxy-
cholecalciferol could increase selenite uptake, 
exhibiting an important association with differ-
ent vitamin D compounds [31]. Recently this 
issue was solved by new science of epigenetics, 
which studies the relationship between lifestyle 
choices and genetic expression. New research 
in human volunteers has shown that certain 
molecular changes to our genes-referred to as 
epigenetic marks-can be affected by nutrition. 
For the study, researchers examined DNA 
methylation in volunteers free from any intesti-
nal disorders or disease and consumed their 
usual diet without any supplements. Results 
indicated that volunteers with higher vitamin D 
levels tended to show lower levels of methyla-
tion, and a similar observation was made in 
relation to selenium. The results of this study 
support the hypothesis that the epigenetic sta-
tus of some genes can be effectively modulat-
ed by dietary factors. 

There are contradictory results regarding serum 
selenium levels in males and females. Several 
studies shows that the serum selenium levels 
do not differ in T2DM patients based on sex dif-
ferences [32]. Study performed by Lee et al. 
demonstrated a decreasing tendency of sele-
nium levels with age (>40 y) and concluded that 
the association of selenium status with blood 
lipid levels are applicable only in young-adult 
females [33]. On the other hand, the analysis of 
males and females in NHANES III studies exhib-
ited significantly higher mean serum selenium 
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concentration in males with age (31-50 y 124 
µg/L) than in the same age group of females. 
(122 µg/L) [34]. Apart from gender differences, 
the level of selenium intake is also influenced 
by several confounding factors like health-relat-
ed behaviors and dietary intake of other nutri-
ents. For instance, alcohol consumption was in 
direct association with serum selenium in 
women, but not in the men of NHANES III [34], 
while, an inverse relation was demonstrated 
between toenail selenium concentration and 
smoking which was stronger in men than in 
women [35]. The present study supports the 
NHANES III results showing significant increase 
in serum selenium concentration in males, but 
the gender difference regarding selenium 
increase after vitamin D supplementation is 
still not clear and needs to be studied further. 
Observational studies show positive associa-
tion of serum selenium level with triglycerides 
concentration in different populations [36]. 
Yang and colleagues [37] showed a significant 
increase in the levels of triglycerides with 
increased serum selenium concentrations in 
Taiwanese elderly. Gender-specific analysis of 
the same study demonstrated that triglycerides 
increased significantly across the highest sele-
nium quartiles in men, while total HDL- and 
LDL-cholesterol concentrations increased sig-
nificantly across the highest selenium quartiles 
in women [37]. Our results support the study 
performed by Yang et al. showing a positive cor-
relation of triglycerides with the level of serum 
selenium in males.

Conclusion 

In summary, vitamin D deficiency/insufficiency 
was highly prevalent in both young adult popu-
lations of Saudi Arabia, and had not improved 
much from previous estimates of 2010 and 
2012. Vitamin D and selenium levels correlated 
only modestly to consumption frequency of 
overall dietary products. Vitamin D the serum 
level positively correlate with selenium in a gen-
der-dimorphic manner. Change of selenium lev-
els were associated with increased triglyceride 
levels. The absence or only modest correlations 
found between dairy products consumption 
and vitamin D levels in the Saudi population 
may be due to their low vitamin D content. 
Adequate vitamin D fortification of dairy prod-
ucts, in future, could improve the vitamin D lev-
els in the Saudi population.

Acknowledgements

This study was financially supported by the 
Vice-Deanship of Research Chairs, King Saud 
University, Riyadh, Saudi Arabia.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Nasser M Al-Daghri, 
Department of Biochemistry, Prince Mutaib Bin 
Chair for Biomarkers of Osteoporosis, College of 
Science, King Saud University, PO Box, 2455, Riyadh 
11451, Saudi Arabia. Tel: 0096614675939; Fax: 
0096614675931; E-mail: aldaghri2011@gmail.com

References

[1] Gropper SASJ, Groff JL. Advanced nutrition and 
human metabolism. Canada: Wadsworth/Cen-
gage Learning; 2009.

[2] Mithal A, Wahl DA, Bonjour JP, Burckhardt P, 
Dawson-Hughes B, Eisman JA, El-Hajj Fuleihan 
G, Josse RG, Lips P and Morales-Torres J. Glob-
al vitamin D status and determinants of hypo-
vitaminosis D. Osteoporos Int 2009; 20: 1807-
1820.

[3] Holick MF and Chen TC. Vitamin D deficiency: a 
worldwide problem with health consequences. 
Am J Clin Nutr 2008; 87: 1080S-1086S.

[4] Rosen CJ, Adams JS, Bikle DD, Black DM, De-
may MB, Manson JE, Murad MH and Kovacs 
CS. The nonskeletal effects of vitamin D: an 
Endocrine Society scientific statement. Endocr 
Rev 2012; 33: 456-492.

[5] Fleet JC, DeSmet M, Johnson R and Li Y. Vita-
min D and cancer: a review of molecular mech-
anisms. Biochem J 2012; 441: 61-76.

[6] Holick MF. Sunlight and vitamin D for bone 
health and prevention of autoimmune diseas-
es, cancers, and cardiovascular disease. Am J 
Clin Nutr 2004; 80: 1678S-1688S.

[7] Bouillon R, Bischoff-Ferrari H and Willett W. Vi-
tamin D and health: perspectives from mice 
and man. J Bone Miner Res 2008; 23: 974-
979.

[8] Norman AW. Sunlight, season, skin pigmenta-
tion, vitamin D, and 25-hydroxyvitamin D: inte-
gral components of the vitamin D endocrine 
system. Am J Clin Nutr 1998; 67: 1108-1110.

[9] Brito A, Cori H, Olivares M, Fernanda Mujica M, 
Cediel G and Lopez de Romana D. Less than 
adequate vitamin D status and intake in Latin 
America and the Caribbean:a problem of un-
known magnitude. Food Nutr Bull 2013; 34: 
52-64.

[10] Ben-Shoshan M. Vitamin D deficiency/insuffi-
ciency and challenges in developing global vi-

mailto:aldaghri2011@gmail.com


Vitamin D and selenium in Saudi diet

1313 Int J Clin Exp Med 2015;8(1):1305-1314

tamin D fortification and supplementation pol-
icy in adults. Int J Vitam Nutr Res 2012; 82: 
237-259.

[11] Al-Othman A, Al-Musharaf S, Al-Daghri NM, 
Krishnaswamy S, Yusuf DS, Alkharfy KM, Al-
Saleh Y, Al-Attas OS, Alokail MS, Moharram O, 
Sabico S and Chrousos GP. Effect of physical 
activity and sun exposure on vitamin D status 
of Saudi children and adolescents. BMC Pedi-
atr 2012; 12: 92.

[12] Ardawi MS, Qari MH, Rouzi AA, Maimani AA 
and Raddadi RM. Vitamin D status in relation 
to obesity, bone mineral density, bone turnover 
markers and vitamin D receptor genotypes in 
healthy Saudi pre- and postmenopausal wom-
en. Osteoporos Int 2011; 22: 463-475.

[13] Sadat-Ali M, AlElq A, Al-Turki H, Al-Mulhim F 
and Al-Ali A. Vitamin D levels in healthy men in 
eastern Saudi Arabia. Ann Saudi Med 2009; 
29: 378-382.

[14] Caba Porras I, Cabello Muriel A, Oya Alvarez de 
Morales B, Marin Pozo JF, Garcia Aranda J and 
Llacer Perez C. [Assessment of standard par-
enteral nutrition in children]. Nutr Hosp 2010; 
25: 449-455.

[15] Uslu N, Saltik-Temizel IN, Demir H, Gurakan F, 
Ozen H and Yuce A. Serum selenium concen-
trations in cirrhotic children. Turk J Gastroen-
terol 2010; 21: 153-155.

[16] Ashton K, Hooper L, Harvey LJ, Hurst R, Cas-
grain A and Fairweather-Tait SJ. Methods of as-
sessment of selenium status in humans: a 
systematic review. Am J Clin Nutr 2009; 89: 
2025S-2039S.

[17] Thomson CD. Assessment of requirements for 
selenium and adequacy of selenium status: a 
review. Eur J Clin Nutr 2004; 58: 391-402.

[18] Wei W, Abnet C, Qiao Y, Dawsey S, Dong Z, Sun 
X, Fan JH, Gunter E, Taylor P and Mark S. Pro-
spective study of serum selenium concentra-
tions and esophageal and gastric cardia can-
cer, heart disease, stroke, and total death. Am 
J Clin Nutr 2004; 9: 80-85.

[19] Laclaustra M, Navas-Acien A, Stranges S, Ordo-
vas JM and Guallar E. Serum selenium concen-
trations and hypertension in the US Popula-
tion. Circ Cardiovasc Qual Outcomes 2009; 2: 
369-376.

[20] Mykkanen H and Wasserman R. Relationship 
of membrane-bound sulfhydryl groups to vita-
min D-stimulated uptake of [75Se] Selenite by 
the brush border membrane vesicles from 
chick duodenum. J Nutr 1990; 120: 882-888.

[21] Nutrient Data Laboratory (NDL), Agricultural 
Research Service (ARS), U.S. Department of 
Agriculture (USDA). 2011. National Nutrient 
Database for Standard Reference, Release 24. 
http://www.ars.usda.gov/SP2UserFiles/Place 
/80400525/Data/SR24/sr24_doc.pdf.

[22] Calvo MS, Whiting SJ and Barton CN. Vitamin D 
fortification in the United States and Canada: 
current status and data needs. Am J Clin Nutr 
2004; 80: 1710S-1716S.

[23] Sneddo A. Selenium nutrition and its impact 
on health: Nutrition and Health Foresighting 
Performance and Ageing Functional Ingredi-
ents. 2012. https://www.abdn.ac.uk/rowett/
documents/selenium_and_health_august_ 
2012.pdf.

[24] Nasser M. Al-Daghri OSA-A, Majed S. Alokail, 
Khalid M Alkharfy, Mansour Yousef, Hesham 
M. Nadhrah, Abdulaziz Al-Othman, Yousef Al-
Saleh, Shaun Sabico, George P. Chrousos. Hy-
povitaminosis D and cardiometabolic risk fac-
tors among non-obese youth. Central European 
Journal of Medicine 2010; 5: 752-757.

[25] Al-Elq AH. The status of Vitamin D in medical 
students in the preclerkship years of a Saudi 
medical school. J Family Community Med 
2012; 19: 100-104.

[26] Al-Daghri NM, Al-Attas OS, Al-Okail MS, Alkharfy 
KM, Al-Yousef MA, Nadhrah HM, Sabico SB 
and Chrousos GP. Severe hypovitaminosis D is 
widespread and more common in non-diabet-
ics than diabetics in Saudi adults. Saudi Med J 
2010; 31: 775-780.

[27] Elsammak MY, Al-Wossaibi AA, Al-Howeish A 
and Alsaeed J. High prevalence of vitamin D 
deficiency in the sunny Eastern region of Saudi 
Arabia: a hospital-based study. East Mediterr 
Health J 2011; 17: 317-322.

[28] de Lourdes Samaniego-Vaesken M, Alonso-
Aperte E and Varela-Moreiras G. Vitamin food 
fortification today. Food Nutr Res 2012; 56. 

[29] Sadat-Ali M, Al Elq A, Al-Farhan M and Sadat 
NA. Fortification with vitamin D: Comparative 
study in the Saudi Arabian and US markets. J 
Family Community Med 2013; 20: 49-52.

[30] Johnson CC, Fordyce FM and Rayman MP. 
Symposium on ‘Geographical and geological 
influences on nutrition’: Factors controlling the 
distribution of selenium in the environment 
and their impact on health and nutrition. Proc 
Nutr Soc 2010; 69: 119-132.

[31] Mykkanen HM and Wasserman RH. Relation-
ship of membrane-bound sulfhydryl groups to 
vitamin D-stimulated uptake of [75Se] Sele-
nite by the brush border membrane vesicles 
from chick duodenum. J Nutr 1990; 120: 882-
888.

[32] Huang JH, Lu YF, Cheng FC, Lee JN and Tsai LC. 
Correlation of magnesium intake with meta-
bolic parameters, depression and physical ac-
tivity in elderly type 2 diabetes patients: a 
cross-sectional study. Nutr J 2012; 11: 41.

[33] Lee O, Moon J and Chung Y. The relationship 
between serum selenium levels and lipid pro-



Vitamin D and selenium in Saudi diet

1314 Int J Clin Exp Med 2015;8(1):1305-1314

files in adult women. J Nutr Sci Vitaminol (To-
kyo) 2003; 49: 397-404.

[34] Kafai MR and Ganji V. Sex, age, geographical 
location, smoking, and alcohol consumption 
influence serum selenium concentrations in 
the USA: third National Health and Nutrition 
Examination Survey, 1988-1994. J Trace Elem 
Med Biol 2003; 17: 13-18.

[35] van den Brandt PA, Goldbohm RA, van’t Veer P, 
Bode P, Hermus RJ and Sturmans F. Predictors 
of toenail selenium levels in men and women. 
Cancer Epidemiol Biomarkers Prev 1993; 2: 
107-112.

[36] Obeid O, Elfakhani M, Hlais S, Iskandar M, 
Batal M, Mouneimne Y, Adra N and Hwalla N. 
Plasma copper, zinc, and selenium levels and 
correlates with metabolic syndrome compo-
nents of lebanese adults. Biol Trace Elem Res 
2008; 123: 58-65.

[37] Yang KC, Lee LT, Lee YS, Huang HY, Chen CY 
and Huang KC. Serum selenium concentration 
is associated with metabolic factors in the el-
derly: a cross-sectional study. Nutr Metab 
(Lond) 2010; 7: 38.


