
Saudi Journal of Biological Sciences 27 (2020) 2452–2456
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Vitamin D level and its relation to muscle and fat mass in adult male
Arabs
https://doi.org/10.1016/j.sjbs.2020.07.002
1319-562X/� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Biochemistry Department, College of Science, King
Saud University, PO Box 2455, Riyadh 11451, Saudi Arabia.

E-mail address: omrattas@ksu.edu.sa (O.S. Al-Attas).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Sobhy M. Yakout a, Nasser M. Al-Daghri a, Ihtisham Bukhari a,b, Malak N.K. Khattak a, Shaun Sabico a,
Majed S. Alokail a,b, Omar S. Al-Attas a,⇑
aChair for Biomarkers of Chronic Diseases, Biochemistry Department, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
b Translational Research Institute, Henan Provincial People’s Hospital, Henan University, Zhengzhou, China
a r t i c l e i n f o

Article history:
Received 12 June 2020
Revised 15 June 2020
Accepted 2 July 2020
Available online 9 July 2020

Keywords:
Vitamin D deficiency
Muscle fats
Obesity
Vitamin D sufficiency
a b s t r a c t

Low levels of vitamin D have been linked with increased adiposity and diminished muscle strength.
Whether it is also related to fat deposition in muscle tissues is not studied well. This study explored
the associations between circulating 25-hydroxyvitamin D (25(OH)D) and fat deposition in muscle tis-
sues of adult Arab males. A total 465 adult Saudi males were included in this cross-sectional study.
Anthropometrics, body composition and muscle strength were assessed. Serum 25(OH)D was determined
and quantified enzymatically. They were grouped according to vitamin D status: deficient (25(OH)
D < 50 nmol/l) N = 325 (69.9%) and sufficient (25(OH)D > 50 nmol/l)140 (30.1%). Mean level of lean/
height2, lean-arm-legs and lean-arms-legs/height2 were significantly higher in 25(OH)D deficient partic-
ipants (p-values 0.03; 0.05 and 0.01 respectively). Thigh strength was significantly higher in 25(OH)D suf-
ficient participants than their deficient counterparts (p = 0.02). In all participants, a significant correlation
between 25(OH)D was observed with age and thigh-strength (p-values < 0.05), while a significant inverse
correlation between 25(OH)D and lean/height2, lean-arms-legs, lean-arms-legs/height2, fat (%) region, fat
arms, fat legs, fat trunk, lean legs were noted. In conclusion, low circulating 25(OH)D is associated with
enhanced fat infiltration in muscle tissues of adult Arab males.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vitamin D (secosteroid) is one of the lipid soluble vitamins
mainly present in various food products such as oily fish, cod liver
oil, chicken eggs and mushrooms, respectively, as well as direct
sun light sources. Different types of vitamin D such as cholecalcif-
erol (animal source) and ergocalciferol (plant source) are biologi-
cally inactive and it can be effectively charged by list of
enzymatic degradation activities. In general, the inactive vitamin
D moieties were enzymatically treated in the liver cells and pro-
duced the bi products such as calcidiol and further absorbed in
the cells various hormones namely hypophosphatemia and growth
hormones, respectively. The deficiency of vitamin D in the human
causes rickets in infants and osteomalacia in old people. The defi-
ciency vitamin D is associated with the amount of calcium exists in
the human bone and cells. world Health organization suggested
that the consumption of 200 mg/day (0–6 months), 260 mg/day
(6–12 months), 300 mg/day (1–3 years), 700 mg/day (4–8 years),
1000 mg/day (4–8 years), 1300 mg/day (9–18 years), 1000 mg/day
(9–18 years), 1000 mg/day (19–51 years), 1000 mg/day (51–
70 years males), 1200 mg/day (51–71 years females), 1200 mg/day
(>70 years) and 1300 mg/day (pregnant/lactating) respectively
(Pilz et al., 2019).

Vitamin D plays a major in the regulation of bone metabolism
and is associated with muscles strength (Ward et al., 2009). Vita-
min D deficiency may cause bone disorders as well as muscles
weakness (Crocombe et al., 2004), especially proximal muscles
(Ladhani et al., 2004). In the elderly, the vitamin D deficiency has
been associated with muscle weakness, decrease body control,
increased body sway and higher risk for fall and fracture, all of
which can be modestly reversed by vitamin D and calcium supple-
mentation (Al-Said et al., 2009; Bischoff et al., 2003). Vitamin D
status has also been associated with muscle strength in healthy
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girls, suggesting that vitamin D is necessary for efficient muscle
contractility (Ward et al., 2009). How vitamin D affects muscle
strength is not fully understood but could be due to its direct influ-
ence in calcium homeostasis, which greatly influences muscle
strength. Furthermore, vitamin D receptors are widely available
in various tissues including skeletal muscles (Bischoff et al.,
2001). The higher fat content in muscles are associated with lower
levels of muscle strength and physical activity, independent of
muscle mass (Manini et al., 2007). In the present cross-sectional
study, we aim to assess whether fat deposition in muscles are asso-
ciated with levels of 25-hydroxyvitamin D (25(OH)D) independent
of muscle mass in a cohort of Saudi adult males.
Fig. 1. Correlation of 25(OH)D(nmol/l) Deficient Subjects and Thigh Strength.
2. Material and methods

2.1. Subjects

In this cross-sectional study, 465 healthy males from Saudi Ara-
bian native (22–45 years) were recruited from the Department of
Exercise Physiology, College of Sport Sciences and Physical Activity,
King Saud University (KSU), Riyadh, Saudi Arabia. Subjects taking
medications or having severe clinical conditions such as renal, hep-
atic diseases and cardiovascular diseases as well as neurological
issues excluded. All Saudi males were questioned to complete a
general questionnaire containing questions on demographics and
past medical history and the role of the participatory males were
orally described thereby informed written consents were obtained
from all individuals. The study protocol was approved by the ethics
committee of the College of Medicine, KSU, Riyadh, Kingdom of
Saudi Arabia (IRB No. E-16-1785).

Anthropometrics were also recorded as described previously
(Al-Daghri et al., 2015) and included height (nearest 0.5 cm),
weight (nearest 0.1 kg), waist and hip circumference (nearest
0.5 cm), and mean blood pressure (mmHg). Body mass index
(BMI) was computed accordingly (kg/m2) and subjects with
BMI � 25.00 kg/m2 and/or �30.00 kg/m2 were noted as the
extreme body weight and denoted as obese, respectively.

2.2. Sample collection

About 10CC of fasting blood donor samples were carefully
obtained from all subjects and transferred to the Chair for
Biomarkers of Chronic Diseases in KSU for serum separation while
the remaining was treated with freshly prepared EDTA tubes for
routine laboratory analysis. It is carefully noted that blood samples
collected from the individuals and serum samples obtained from
the individuals were immediately stored at �80 �C for routine lab-
oratory analysis.

2.3. Biochemical analyses

The automated analyzer was used to measure serum 25(OH) D
(nmol/l) (Cobas e411, Roche Diagnostics, Mannheim, Germany).
The inter- and intra-assay variations (CV) were 8.0 and 5.6%,
respectively, with a lower detection limit (LOD) of 50 nmol/l. Vita-
min D status was based on the national and regional recommenda-
tions, which considers 25(OH)D level <50 nmol/l as deficient (Al-
Daghri et al., 2017; Al-Saleh et al, 2020).

2.4. Muscle and fat measurements

Body composition was determined and included total and
appendicular muscle mass, fat mass and bone mineral density
(BMD) using DXA (Lunar iDXA, GE Healthcare, General Electric
Company, USA). Appendicular lean mass (ALM) was calculated by
dividing appendicular skeletal muscle mass (kg) to height (m2).
Subjects with �1SD and �2SD were determined following the
gender-specific means for Saudi adults. Fat mass index (FMI) was
recorded as the quotient of total body fat mass (kg) to height
(m2). Handgrip dynamometer was used to measure grip strength
while standing, while rotational dynamometer was used to mea-
sure thigh strength. The average of two trials were recorded. Paper
version of long IPAQ was completed by all subjects under the
supervision of a trained research assistant who was on standby
for queries.

2.5. Statistical analysis

All statistical analysis was done using SPSS (version 21.0, IBM).
The obtained results were represented as mean ± standard devia-
tion (SD) for Gaussian variables and median (1st and 3rd) per-
centiles for non-Gaussian variables. Categorical variables were
denoted as frequencies (%). All the continuous samples variables
were assessed using Kolmogorov-Smirnov testfor normality. Non
Gaussian variables were normalized before analysis. Pearson’s cor-
relation analysis was used to determine correlations between vari-
ables of interest. Student T-test was used to match variations in
mean. Area under the curve (AUC) was done using MedCalc soft-
ware. P value <0.05 was effectively considered as statistically sig-
nificant data.
3. Results

A total of 465 Saudi male adults were included in this cross-
sectional vitamin D study, 325 (69.9%) of whom were vitamin D
deficient (25(OH)D < 50 nmol/l) and 140 (30.1%) were vitamin D
sufficient (25(OH)D > 50 nmol/l). Mean BMI was comparatively
better in the vitamin D deficient group before and after adjusting
for age (p-values 0.02 and 0.005, respectively). Waist to Hip ratio
(WHR) adjusted for age was also significantly more in the vitamin
D depleted subjects (p < 0.01). Mean value of lean/height2, lean-
arm-legs and lean-arms-legs/height2 were significantly more in
vitamin D depleted samples (p-values 0.034, 0.046 and 0.012,
respectively). Thigh strength was significantly higher in 25(OH)D
sufficient participants than their 25(OH)D deficient counterparts
(p = 0.017) (Fig. 1). Mean value of fat arms, fat legs, fat trunk, fat
android, lean legs and fat gynoid were effectively higher in the
25(OH)D deficient group before and after adjusting for age, while
fat region, fat/height2,fat-trunk/total, visceral-volume(cm3) and
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visceral mass (g) were significantly higher only after adjusting for
age (P < 0.05) (Table 1).

The bivariate relationships of 25(OH)D with various anthropo-
metric, biochemical, muscle strength and muscle fats in all subjects
as well as in deficient and sufficient vitamin D level are shown in
Table 2. A significant direct correlation between vitamin D were
observed with age, thigh- strength (P < 0.05 for all) for all subjects,
while a significant inverse correlation between vitamin D and lean/
height2, lean-arms-legs, lean-arms-legs/height2, fat (%) region, fat
arms, fat legs, fat trunk, lean legs were observed. In vitamin D defi-
cient subjects, a significant correlation between 25(OH)D, lipids
(total and LDL-cholesterol) and handgrip-strength (Fig. 2) were
observed (P < 0.05).

Table 3 shows the significant predictors of 25(OH)D in all par-
ticipants. Using 25(OH)D as dependent variable and the various
body composition measures as well as the hand and grip strength
as independent variables, it was found that age is the single most
significant predictor for 25(OH)D in adult Arab males, predicting
22% of the variance in 25(OH)D levels (p < 0.001) (model 1). Age
and thigh strength on the other hand predicted a combined 25%
of the variance perceived in 25(OH)D levels, with thigh strength
alone contributing as much as 15% (p < 0.001) (model 2). Lean arms
and legs/height2, while inversely associated with 25(OH)D, cumu-
latively predicts 26% of the variance in 25(OH)D levels together
with thigh strength and age (p < 0.001). Furthermore, AUC revealed
that a thigh strength 63 kg and above corresponds to 25(OH)D
levels � 50 nmol (AUC 0.566 (P = 0.02). The sensitivity, specificity,
negative predictive and positive predictive values were 75.36%,
36.65%, 0.67 and 1.19, respectively.

4. Discussion

In this study, associations between muscle mass, strength and
muscle adiposity with vitamin D status in apparently healthy Saudi
adult males were determined. Data revealed that serum 25(OH)D
was significantly associated with age and thigh strength for all sub-
jects, while a significant inverse correlation was found between 25
Table 1
General characteristics of subjects according to vitamin D status.

Parameters All Vitamin D Deficient

N 465 325 (69.9)
Age 32.6 ± 11.0 31.1 ± 10.4
BMI 28.1 ± 5.3 28.5 ± 5.5
WHR 0.89 ± 0.07 0.89 ± 0.07
25(OH)D (nmol/l) 38.4 (27.4–54.3) 31.0 (23.2–39.6)
Lean/Height2 (FFMI) 18.2 ± 2.1 18.3 ± 2.1
Lean Arms & Legs 26.2 ± 4.5 26.4 ± 4.5
Lean Arms & Legs/BMI 0.94 ± 0.14 0.94 ± 0.14
Lean Arms & Legs/Height2 8.8 ± 1.3 8.9 ± 1.3
Handgrip strength 42.6 ± 7.7 42.6 ± 7.7
Thigh Strength 74.7 ± 24.0 72.7 ± 24.0
BMD (g/cm2) 1.2 ± 0.1 1.2 ± 0.1
%Fat Region 31.4 ± 8.0 31.8 ± 8.3
Lean (g) 53.6 ± 8.0 53.9 ± 8.2
Fat Arms 2.7 ± 1.1 2.8 ± 1.2
Fat Legs 9.1 ± 3.8 9.5 ± 4.0
Fat Trunk 14.2 ± 6.9 14.7 ± 7.3
Fat Android 2.5 ± 1.4 2.6 ± 1.5
Fat Gynoid 4.3 ± 1.9 4.5 ± 2.0
Lean Arms 6.5 ± 1.2 6.6 ± 1.2
Lean Legs 19.6 ± 3.6 19.9 ± 3.6
Fat/Height2 (FMI) 10.7 ± 2.8 10.8 ± 2.8
Fat Trunk/total 0.51 ± 0.07 0.51 ± 0.07
Fat Legs/total 0.34 ± 0.05 0.35 ± 0.05
Fat Arms & Legs/trunk 0.91 ± 0.24 0.91 ± 0.24
Visceral volume(cm3)# 900 (429–1521) 936 (432–1533)
Visceral mass(g)# 850 (405–1429) 882 (407–1447)

Note: Data Presented as Mean ± SD and Median (1st�3rd) percentiles for Gaussian and No
(OH)D and lean/height2, lean-arms-legs, lean-arms-legs/height2,
fat arms, fat legs and fat trunk even after adjusting for age. It is well
known that muscle strength is strongly influenced by the amount
of fat present in muscle tissues, and it has been proven that
reduced physical activity and less exercise increase intramuscular
fats (Berggren et al., 2008; Goodpaster et al., 2008; Manini et al.,
2007). It has been documented that fats in skeletal muscles can
be oxidized through extensive workout and exercise (Berggren
et al., 2008; Durheim et al., 2008). In the present study, we found
that a thigh strength corresponding to 63 kg was sensitive enough
to detect 25(OH)D deficiency at 50 nmol/l. Consequently, in our
recent study, we observed that adult Arab men who had pre-
sarcopenia also had mean thigh strength of 63 kg (Yakout et al.,
2019). Previous reports demonstrated that 25(OH)D status is pos-
itively related to muscular strength, force, velocity, and jump
height (Al-Eisa et al., 2016; Ward et al., 2009). Most individuals
in the current study were overweight, so we could say that vitamin
D also correlated with overall body adiposity and level of muscle
strength. Vitamin D supplementation is helpful to gain muscular
strength without any apparent changes in muscle mass (Verhaar
et al., 2000). Muscular mass and strength are correlated but the
association is modest (Goodpaster et al., 2006), and strength of
the muscles can significantly increase without having a significant
change in muscle mass (Goodpaster et al., 2008). Unfortunately, we
did not study the effect of activity level on muscular strength and
mass. It is apparent that due to the hot environment, daylight out-
door activity is very less, partially explaining why obesity level in
Saudi population is very high. Due to less exposure to sunlight,
many individuals have vitamin D deficiency (Farhat et al., 2019).
In the current study, vitamin D deficient subjects, 25(OH) D was
inversely correlated with BMI, fat arms, fat legs and fat trunk. It
has been reported that inactivity positively correlated with weight,
vitamin D status, sluggishness and spending time on TV or com-
puter etc., and were not associated with muscular adiposity
(Gilsanz et al., 2010). A comprehensive in-vivo or in-vitro studies
are required to explain the underlying mechanisms of vitamin D
deficiency and its association with muscular fats. It has been stud-
Vitamin D Sufficient P-Value Age Adjusted P-Value

140 (30.1)
34.9 ± 11.0 <0.001
27.2 ± 4.8 0.02 0.005
0.88 ± 0.07 0.35 0.01
64.1 (56.1–84.6) <0.001 <0.001
17.8 ± 2.0 0.03 0.02
25.6 ± 4.3 0.05 0.11
0.95 ± 0.15 0.71 0.12
8.6 ± 1.2 0.01 0.02
42.6 ± 7.7 0.97 0.71
78.5 ± 23.7 0.02 0.001
1.2 ± 0.12 0.56 0.65
30.5 ± 7.8 0.10 0.02
52.8 ± 7.5 0.18 0.21
2.5 ± 0.9 0.006 0.002
8.5 ± 3.3 0.02 0.03
13.2 ± 6.2 0.03 0.003
2.2 ± 1.3 0.04 0.004
4.0 ± 1.7 0.02 0.019
6.4 ± 1.2 0.36 0.49
19.1 ± 3.3 0.04 0.09
10.4 ± 2.9 0.13 0.018
0.49 ± 0.07 0.55 0.006
0.36 ± 0.05 0.68 0.006
0.92 ± 0.25 0.57 0.007
839 (400–1479) 0.30 0.005
806 (381–1367) 0.40 0.006

n Gaussian variables. P-value and adjusted p-value significant at 0.05 and 0.01 level.



Table 2
Significant 25(OH)D associations with measured parameters.

Parameters All Vitamin D Deficient Vitamin D Sufficient

N 465 325 (69.9) 140 (30.1)

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Age 0.21** – 0.13* – – –
BMI �0.16** �0.16** �0.18** �0.16** – –
Lean/Height2 (FFMI) �0.11* �0.11* – – – –
Lean Arms&Legs �0.12* �0.10* –– – – –
Lean Arms&Legs/Height2 �0.13** �0.12* – – – –
Handgrip strength 0.13* – – ––
Thigh Strength 0.12* 0.16** – 0.17** – –
%Fat Region �0.11* �0.11* �0.13* �0.12* – –
Fat Arms �0.16** �0.14** �0.15** �0.14* – –
Fat Legs �0.19** �0.16** �0.23** �0.20** – –
Fat Trunk �0.14** �0.17** �0.15** �0.16** – –
Fat Android �0.14** �0.16** �0.15** �0.16** – –
Fat Gynoid �0.18** �0.16** �0.22** �0.18** – –
Lean Legs �0.14** �0.12* �0.13* – –
Visceral volume (cm3)# – �0.14** – �0.12* – –
Visceral mass (g)# – �0.13* – �0.13* – –

Note: Only parameters with significant correlations were presented. Data presented as coefficient (R).
* Denotes significance at 0.05 level.
** Denotes significance at 0.01 level also adjusted for age.

Fig. 2. Correlation of 25(OH)D(nmol/l) Deficient Subjects and Handgrip strength.
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ied that vitamin D mediates the protein synthesis at acellular level
and also accumulation of the cellular ATPs, elevate the troponin C,
and the up-regulation of the actin and sarcoplasmic proteins in
Table 3
Significant Predictors of 25(OH) D status.

Model Unstandardized C

B

Model 1 (Constant) 27.17
Age 0.51

Model 2 (Constant) 13.22
Age 0.58
Thigh Strength 0.15

Model 3 (Constant) 38.41
Age 0.60
Thigh Strength 0.20
Lean Arms & Legs/Height2 �3.27
striated muscles (de Boland et al., 1983). It is unknown that these
cellular pathways induce the accumulation of muscular fats. Mus-
cular fats are very essential for the various biological mechanisms
like; lipids regulate myocytes, infiltration of the muscle fat weak-
ens muscle mitochondrial function and also alters oxidative phos-
phorylation (Morino et al., 2006). High triglyceride level reduces
the insulin depend glucose uptake in muscles; therefore, muscular
fats were closely related with the insulin secretion and diabetes
(Albu et al., 2005; Hulver and Dohm, 2004; Miljkovic-Gacic et al.,
2008). Low circulating vitamin D level have also been interlinked
with glucose level in the blood serum (Hypponen and Power,
2006) suggesting cross-talk between glucose homeostasis, vitamin
D status and muscle fat content.

About 70% of the current Saudi male adults are vitamin D defi-
cient and this is consistent with other studies conducted in the
warmest regions of the world such as South Asia, Middle East,
South America and Australia, showing that 30–50% of individuals
have 25(OH)D levels less than 20 ng/ml (Holick, 2007; Peters
et al., 2009).

The author acknowledges some caveats. The cross-sectional
design of the study limits its findings as it is unable to determine
causality. Interventional studies are needed to see whether vitamin
D correction can influence muscle fat mass as well as strength.
Since vitamin D receptors are present in skeletal muscle tissues,
causation is possible and functional studies may further shed light
in the inferential findings of the present study.
oefficients Standardized Coefficients P-Value

Std. Error Beta

3.80 <0.001
0.11 0.22 <0.001

5.99 0.028
0.12 0.25 <0.001
0.05 0.15 0.003

9.71 <0.001
0.11 0.26 <0.001
0.05 0.19 <0.001
1.00 �0.16 0.001
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5. Conclusion

In conclusion, vitamin D status is inversely associated with
levels of fat deposition in muscle tissues independent of body mass
and is modestly but significantly associated with thigh muscle
strength among Saudi male adults. Functional studies are needed
to illustrate the physiology and cross-talk between muscle fat
and vitamin D.
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