
Abstract. – Objectives: To determine al-
terations of vitamin D and parathyroid hormone
levels and their relationship to insulin resistance
among a sample of healthy young adult obese
Saudis and to identify factors that might predict
these alterations.

Methods: Age and gender matched obese
young (aged 18-25 years) adult Saudis (N=76)
with body mass index of ≥ 30 and their lean con-
trols (N=84) were recruited after fulfilling exclu-
sion and inclusion criteria from attendees of
health facility at King Faisal University, Saudi
Arabia. Selected participants were invited to a
personal interview to gather information regard-
ing socio-demographics. Fasting blood samples
were assessed for the following essays: serum
calcium, 25 OH vitamin D, inorganic phospho-
rus, intact parathyroid hormone (iPTH), serum
insulin, fasting glucose, renal and liver function
tests.

Results: Vitamin D levels were significantly
higher in lean controls, and showed significant
decline in relation to obesity classes, hypovita-
minosis D was found in 30% (38.2% obese vs.
22.7% in lean) and deficiency in 17.5% of sub-
jects; (19% vs. obese 15.8%). iPTH was signifi-
cantly higher in obese subjects. Secondary hy-
perparathyroidism was found in 48.1% (60.5%
obese vs. 36.9% controls). Regression analysis
showed that body mass index, serum calcium
and creatinine levels were the main predictors
for vitamin D level. Vitamin D is positively asso-
ciated with fasting blood sugar (r=-.133, P=0.09)
and ββ cell function index (r=.192, P=0.08), nega-
tively associated with HOMA-IR (r=-.122, P=.34)
but without statistical significance after control-
ling of possible confounders. 

Conclusion: Vitamin D level among young
adult Saudi obese is negatively associated by
body mass index and classes of obesity. Nega-
tive associations between vitamin D, iPTH levels
and HOMA-IR exist but without statistical signifi-
cance.
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Introduction

Vitamin D and parathyroid hormone (PTH)
are well known for their essential role in bone
metabolism and calcium homeostasis 1. It has be-
come increasingly clear that the vitamin D en-
docrine system is related to obesity in adults.
Obesity has been found to be associated with
lower levels of serum 25 OH Vitamin D2-4 and
higher levels of serum PTH2-5. Low vitamin D in-
take was associated with increased body mass in-
dex (BMI)6. Furthermore, PTH has been postu-
lated as an independent predictor for obesity 7. 

PTH may stimulate renal hydroxylation of 25-
OH vitamin D to its active form, 1, 25-OH vita-
min D, which in turn elevates calcium influx into
adipocytes with consequent enhancement of in-
tracellular lipogenesis and inhibition of lipolysis
with resultant lipid storage in the fat tissue 8-10, or
through the direct role of PTH in suppressing
lipid oxidation in the muscle11. However, these
hypotheses were discussed controversially since
in obese adults with weight loss increased and
decreased 25-OH vitamin D12-14 and PTH con-
centrations have been reported. The question of
whether the alterations of these hormones are a
consequence or cause of overweight remains
open. Vitamin D also acts as a necessary cofactor
for insulin secretion15-17. Vitamin D repletion im-
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Controls
Age and gender matched Saudis with desirable

BMI. Both groups were selected by non-proba-
bility sampling method from those attending the
Medical Health center at King Faisal University
through personal approach. 

Ethical Considerations

Study protocol was approved from authorities
at King Faisal University. Eligible subjects signed
a written consent following detailed orientation
regarding objectives, procedures implied and pos-
sible outcome of study. Data confidentiality was
maintained all through the study according to
Helsinki Declaration of Medical Bioethics. Those
with abnormal biochemical results were informed
and referred to KFUs’ health facility for manage-
ment.

Inclusion Criteria and
Precautionary Measures 

1. Cases and controls were screened for the pos-
sibility of diabetes through estimation of fast-
ing blood glucose level; those with abnormal
results were excluded at the outset.

2. Non smokers were included to overcome pos-
sible confounding effect of smoking.

3. Blood sampling were withdrawn during
spring season to overcome possible seasonal
variation of vitamin D levels (March 20th to
May 3st 2009).

Exclusion Criteria
Data were obtained through the revision of

personal health records.
• Negative history of any chronic illness (espe-

cially liver and renal diseases).
• No previous use of medications known to af-

fect calcium metabolism “e.g., antiepileptic”.
• No known metabolic bone diseases and mal-

absorption syndrome.
• History of immobility for more than one

month and vitamin D supplement. 

Data Collection 

Anthropometry
Measured at the outset of the study; weight

was measured using commercial scale ‘‘Seca,

proves insulin sensitivity and insulin secretion in
animal studies18. 

Hypovitaminosis D has been proposed as a risk
factor for reduced insulin secretion, impaired glu-
cose tolerance, and type 2 diabetes mellitus in
adults18-20. However, studies in obese adults
demonstrated no relationship between vitamin D,
PTH, and insulin sensitivity 21,22. Data from Saudi
Arabia reported a high prevalence of hypovita-
minosis D among healthy adolescents and
adults23-25 and also increasing prevalence of obesi-
ty and type 2 diabetes mellitus 26-28 while those
addressing the pattern of vitamin D alterations
and its interrelation with obesity and development
of insulin resistance are scarce. We hypothesized
that vitamin D level is altered in healthy obese
adults (aged 18-25 yrs) which may predispose
them to the development of secondary hyper-
parathyroidism and alteration of insulin resis-
tance. The objectives of this study were to deter-
mine alterations of vitamin D and parathyroid
hormone levels and their relationship to insulin
resistance among a sample of healthy young adult
obese Saudis versus their controls and to identify
factors that might predict these alterations.

Subjects and Methods

A case-control design in which both cases and
controls were selected conveniently from volun-
teers including University’s students, and atten-
dees of the Medical Center at King Faisal Uni-
versity in Al-Ahsa, Saudi Arabia.

Sampling Size and Power

With inclusion of 61 subjects in each group we
had more than 80.0% power to detect 8.0 stan-
dard26,27 deviations difference with precision of
±2.0 between the obese and lean groups regard-
ing vitamin D blood level at an alpha level of
0.05 (two sided). Considering a potential non-re-
sponse rate of 30%, the total sample size of 160
(80 for each group) was estimated for inclusion. 

Subjects’ Selection

Cases
Age ranged from 18 to 25 years, Saudis, with

BMI of ≥30.
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Germany’’ with an accuracy of ±100 g. Subjects
was weighed barefooted and with minimal
clothes. Standing body height was measured
with the use of commercial stadiometer with the
shoulder in relaxed position and arms hanging
freely and without shoes to the nearest 0.5 cm.
Measurements were taken by single technician
to overcome inter-rater error. Scales were re-cal-
ibrated after each measurement. BMI was calcu-
lated as: ‘‘Body weight in kg/Height in meters2”. 

Laboratory Measurements
After 12 hours of fasting, blood samples were

collected under standardized conditions for the
following biochemical assays:

• Serum calcium and phosphorus. 
• 25 (OH) vitamin D and intact parathyroid hor-

mone (iPTH).
• Lipid profile, liver function and renal function

tests.
• Fasting glucose and insulin hormone level.

HOMA-IR (Homeostasis Model Assessment
of Insulin Resistance) was calculated accord-
ing to standardized formula29, for the calcula-
tion of insulin secretory capacity (HOMA-B)
using the formula: (fasting insulin in µU/ml)
X 3.33/(fasting glucose in mg/dl-3.5). All kits
were supplied by Roche Diagnostics GmbH,
Mannheim, Germany and estimated using Hi-
tachi 902 Auto-Analyzer, Roche Diagnostics
GmbH, Mannheim, Germany. 

Fasting blood sugar: estimated automatically
in serum by Gluco-quant Glucose/HK, results
expressed in mg/dl.

Lipid profiles: total cholesterol and triglycerides
were estimated by using CHOD-PAP, GPO-PAP,
enzymatic test kits (Boehringer Mannheim GmbH,
Mannheim, Germany) respectively. High density
lipoprotein cholesterol was estimated without
pretreatment by homogeneous enzymatic colori-
metric test kit (Boehringer Mannheim GmbH,
Mannheim, Germany). Low density lipoprotein
cholesterol level was calculated according to
Friedewald formula30 . 

Liver function tests: activities of aspartate
aminotransferase (AST) and alanine aminotrans-
ferase (ALT) were estimated in serum, results
were expressed in U/serum protein. Serum albu-
min and total bilirubin were quantified using col-
orimetric albumin BCG, total bilirubin liquid and
total protein kit.

Renal function tests: concentrations of blood
urea (BUN) and serum creatinine were deter-
mined by kinetic UV assay and creatinine Jaffe’
kits respectively.

Serum calcium: estimated in serum using col-
orimetric assay kit.

25 (OH) vitamin D: determined by using
HPLC (Waters 2695 Alliance HPLC System with
996 photodiode Array Detector and Column
Heater, American Laboratory Trading LLC, Gro-
ton, CT, U.S.A), using the available kit supplied
by Chromsystems Diagnostic by HPLC (Instru-
ments and Chemicals GmbH, Muenchen, Ger-
many). Results were expressed as µg/L.

Insulin: estimated using Auto-Analyzer Elec-
sys 2010 (Roche Diagnostics, Indianapolis, IN,
USA).

Data Analysis

Data analysis and processing was carried out
using SPSS version 16.0 (SPSS Inc, Chicago, IL,
USA). Out of 95 obese subjects approached; 19
were excluded from the final data analysis (14
refused blood sampling, 5 with insufficient sam-
ples), in the lean group out of the 112 volun-
teered, 28 were excluded (20 refused blood sam-
pling and 8 subjects with insufficient samples).
Data displayed non normality using Shapiro-
Wilk test, were log transformed for the purpose
of analysis. Categorical data were expressed us-
ing frequency and percentage. Chi-square test,
Odd’s ratio with 95% confidence intervals was
used as appropriate.

Statistics

Continuous data were reported as mean and
standard deviation, employing t-test, Mann Whit-
ney and Kruskall Wallis tests of significance. Ef-
fect sizes in the form of Cohen’s d were calculat-
ed according to Cohen31 who defined d as the
difference between the means, divided by stan-
dard deviation of either group when the vari-
ances of the two groups are homogeneous, in our
case we employed the pooled standard deviation
to calculate the effect size (equals to the root
mean square of the two standard deviations for
obese and controls). 

The interpretation based on the average per-
centile standing of the average of obese adults
relative to the average of lean controls31. 
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Glycemic Indices and Calcitropic Hormones
Table II demonstrates that fasting blood sugar,

serum insulin, insulin resistance (HOMA-IR) and
β cell function were significantly higher among
obese subjects compared to controls. Fasting
blood sugar showed an average among obese
above the 90th percentiles of the controls, serum
insulin above 79th percentiles, HOMA-IR above
the 84th and β cell function above the 66th per-
centiles of the lean subjects. 

Serum vitamin D level was significantly lower
among obese compared to lean subjects, the av-
erage of vitamin D was below the 66th percentiles
of the those with desirable body weight
(P=0.004), the level of vitamin D showed signifi-
cant decline in relation to obesity classes and
body mass index; from 33.3±12.4 µg/L for class
I (N=67) to 33.9±9.9 for class II (N=7) and
28.0±3.3 in class III (N=2) (Kruskal Wallis,
P=0.034). Among both groups vitamin D level
was higher in males compared to females; among
obese males, vitamin D level was below the 79th

percentiles of the lean subjects, while among fe-
males the difference was small as obese females
have an average level of vitamin D below 54th

percentiles of the lean females. Figure 1 depicts
the correlation between vitamin D and BMI of
the included subjects.

Applying the cut-off for vitamin D deficiency
and hypovitaminosis D: 48/160 (30.0%, C.I=
23.4-37.5) were classified as having hypovita-
minosis, more among obese (38.2% C.I=28.1-
49.4 vs. 22.7% in lean subjects C.I=9.3-25.6).
Vitamin D deficiency was found among 28/160
(17.5%, C.I=12.4-24.1) more in lean subjects
(19.0%, C.I=12.1-28.7 vs. 15.8%, C.I=9.3-25.6
in obese, OR=2.1, P=0.023). 

iPTH level was significantly higher among
obese. iPTH average level among obese was
above the 66th percentiles for those of the lean
subjects and with proportionate increment in re-
lation to obesity classes and BMI (Figure 2),
from 45.2± 19.7 pg/ml for class I, 50.3±23.8
pg/ml for class II (P=0.005).

Secondary hyperparathyroidism was found in
77/160 subjects (48.1%, C.I= 40.5-55.8), more
among obese 46/76 (60.5% C.I=49.3-70.8) com-
pared to controls 31/84 (36.9% C.I= 27.4-47.6)
(OR=2.6, C.I=1.3-5.2, P=0.001), and more
among obese females compared to obese males.
Serum calcium levels were slightly higher among
obese subjects, and it was significantly lower
among obese subjects with secondary hyper-
parathyroidism.

Partial correlation coefficient was employed
after controlling for possible confounders in as-
sessing the relationship between vitamin D and
parathyroid hormone levels and body mass in-
dex, insulin resistance and β cell function. Mul-
tivariate regression analyses were generated to
assess the relationship between 25(OH) vitamin
D and insulin sensitivity indices. P value of
<0.05 was applied as the level of significance.

Cut-off Values: 
Hypovitaminosis D: conservative definition of

25(OH) D of <37.5 nmol/L in accordance with
data showing that iPTH begins to rise at this
level32. 
• Hyperparathyroidim (high parathormone lev-

el) was defined as serum iPTH >40 pg/ml.
• Obesity was subdivided according to BMI33

into class I (BMI 30-34.99 kg/m2), class II
(BMI 35-39.99 kg/m2), and class III (BMI ≥40
kg/m2).

Results

Basic Characteristics

A total of 160 subjects (obese = 76, lean=84)
with age ranged from 18-25 years; obese aged
22.8±1.9 years (40 males and 36 females) and
their lean controls aged 22.5±1.2 years (42 males
and 42 females). Table I demonstrates the base-
line data including anthropometric measurements
and biochemical tests results.

Lipid Profile, Liver, Renal Function Tests
And Blood Sugar Serum Insulin Levels

With the exception of high density lipopro-
teins levels, all components of lipid profile
were significantly higher in obese subjects
(Table I). Total proteins, serum albumin were
significantly higher in controls compared to
obese subjects (P=0.001), while alkaline phos-
phatase and hepatic enzymes including (alanine
aminotransferase: ALT; aspartate aminotrans-
ferase: AST) were significantly higher among
obese as revealed by the effect size where the
averages for these parameters were above the
33rd percentile for those of the controls. The
same notion went for uric acid level and serum
creatinine.
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Obese subjects Lean controls Cohen’s d
Variables (N = 76) (N = 84) Effect size P valuea

Anthropometry:
Height (cm) 164.7 ± 7.5 163.9 ± 9.4 0.094 0.585 
Weight (Kg) 87.7 ± 12.4 61.4 ± 11.2 2.230 0.001
BMI 32.5 ± 2.6 22.6 ± 2.6 3.808 0.001

Lipid profile:
Total cholesterol (mmol/L) 4.4 ± 0.5 3.9 ± 0.6 0.843 0.001
Triglycerides (mmol/L) 1.3 ± 0.5 0.9 ± 0.4 0.922 0.001
Low density lipoproteins (mmol/L) 2.5 ± 0.6 2.1 ± 0.8 0.573 0.001
High density lipoproteins (mmol/L) 1.3 ± 0.3 1.5 ± 0.4 -0.377 0.017

Liver functions:
Total proteins (g/L) 75.4 ± 3.8 77.8 ± 4.6 -0.582 0.001
Albumin (g/L) 44.7 ± 3.5 47.2 ± 4.2 -0.063 0.001
Total bilirubin (µ mol/L) 5.9 ± 2.3 7.9 ± 4.9 -0.488 0.002
Alkaline phosphatase (U/L) 89.9 ± 22.0 74.8 ± 25.2 -0.644 0.001
Alanine transferase (U/L) 25.2 ± 9.8 20.4 ± 10.2 0.482 0.003
Aspartate transferase (U/L) 22.9 ± 8.9 20.9 ± 4.6 0.279 0.094

Renal functions:
Uric acid (µmol/L) 305.9 ± 37.3 285.1 ± 22.2 0.678 0.001
BUN (mmol/L) 4.9 ± 1.1 4.65 ± 1.1 0.187 0.231
Creatinine (µmol/L) 72.4 ± 11.5 66.9 ± 15.5 0.407 0.010

Table I. Baseline anthropometric and biochemical data of the included subjects.

at-test “Levene’s test for unequal variances”. bChi-square for independent samples. All values are presented in means ± SD un-
less otherwise indicated.

Obese subjects Lean controls Cohen’s d
Variables (N = 76) (N = 84) Effect size P valued

Glycemic indices:
Fasting blood sugar (mmol/L) 5.54 ± 0.95 4.46 ± 0.57 1.378 0.0001
Serum insulin level (µU/ml) 15.92 ± 9.69 8.99 ± 5.74 0.870 0.0001
HOMA-IR 3.98 ± 2.71 1.78 ± 1.12 1.061 0.001
HOMA-B% 205.0 ± 129.0 143.1 ± 97.4 0.542 0.001

Vitamin D status:
25 (OH) vitamin D (µg/L) 35.0 (33.0 ± 12.0) 41.9 (40.4 ± 19.3) -0.460 0.004

Gender: Males 36.2 (34.4 ± 10.3) 47.7 (46.8 ± 18.3) -0.835 0.001
Females 33.4 (31.3 ± 13.6) 35.2 (34.0 ± 18.3) -0.167 0.595

Hypovitaminosis Da: No. (%) 29 (38.2) 19 (22.7) 2.11 (1.01-4.46)†*
Vitamin D deficiencyb No. (%) 12 (15.8) 16 (19.0) 0.80 (0.32-1.95)†

Normal: No. (%) 35 (46.0) 49 (58.3) Reference

Parathyroid hormone status: 
Intact parathormone level (pg/ml) 45.2 (49.6 ± 23.2) 34.3 (39.4 ± 20.1) 0.469 0.003
Gender: Males 43.9 (50.5 ± 24.2) 31.1 (35.6 ± 17.8) 0.701 0.001

Females 7.3 (48.6 ± 22.3) 41.6 (43.2 ± 21.8) 0.245 0.196
Hyperparathyroidismc: No. (%) 46 (60.5) 31 (36.9) 2.62 (1.32-5.23)†*
Eu status: No. (%) 30 (39.5) 53 (63.1) Reference

Serum Calcium and phosphorus:
Serum phosphorus (mmol/L) 1.30 (1.29 ± 0.17) 1.30 (1.28 ± 0.13) 0.066 0.830d

Serum calcium (mmol/L) total: 2.50 (2.47 ± 0.22) 2.46 (2.38 ± 0.25) 0.382 0.035*d

Hyperparathyroidism: Yes 2.19 (2.29 ± 0.23) 2.42 (2.46 ± 0.23) -0.739 0.004*e

No 2.40 (2.44 ± 0.24) 2.45 (2.46 ± 0.23) -0.085 0.591e

Table II. Glycemic indices, serum calcium, phosphorus and calcitropic hormones status in obese subjects compared to their controls.

All values are given in median (means ± SD) unless otherwise stated. HOMA-IR = [serum insulin *fasting blood sugar]/22.5.
HOMA-B% = [20*Fasting insulin]/[fasting glucose/3.5]. 25 (OH) D) cParathormone of > 40 pg/ml. dt-test “Levene’s”. *Statis-
tically significant. †Odd’s ratio (95% Confidence intervals).

139

Vitamin D, parathyroid hormone levels and insulin sensitivity among obese young adult Saudis



140

Vitamin D, iPTH and Subject’s Clinical
and Biochemical Characteristics 

Table III displays results of bivariate correla-
tion analysis for the interaction between vitamin
D, clinical and biochemical characteristics. Vita-

min D was negatively associated with BMI and
gender (low among females) and positively cor-
related with class of obesity, serum calcium, cre-
atinine, BUN and alanine transferase levels. Re-
gression analysis model showed that: BMI,
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Figure 1. 25 (OH) vitamin D in relation to body mass index among obese subjects and lean controls.
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Figure 2. Parathyroid hormone level in realtion to body mass index in obese subjects and lean controls.
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serum calcium and serum creatinine were the
main predictors for vitamin D level among the
included subjects. BMI was the major negative
predictor for vitamin D level. 

Table IV demonstrates bivariate correlation
coefficient and final model of multiple regression
analysis of iPTH and clinical and biochemical
characteristics. BMI was the single positive pre-
dictor for iPTH level among the included sub-
jects.

Vitamin D and iPTH in Relation to Insulin
Resistance and ββ Cell Function Indices

Table V and Figures 3 and 4 demonstrate the
relationship between vitamin D and parathyroid
hormone levels in relation to insulin sensitivity
as referred to HOMA-IR and β cell function

(HOMA-B%). Low vitamin D level was associ-
ated with increase in fasting blood sugar level
(r=-.133, P=0.093) and HOMA-IR (r=-.122,
P=.341) but without statistical significant. 

Results of partial correlation coefficient (Table
V) between vitamin D and insulin resistance in-
dex (HOMA-IR) after controlling for other possi-
ble confounders including clinical and biochemi-
cal variables revealed no significant relationship
between vitamin D level and HOMA-IR. Also, a
positive association was found between β cell
function and vitamin D level but without statisti-
cal significance (r=0.192, P=0.08). 

A negative association was found between
iPTH level and insulin resistance (HOMA-IR)
and β cell function but without statistical signifi-
cance.
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Bivariate correlation Multivariate backward regression analysis
Clinical and
biochemical P ββ ββ P Partial
characteristics Coefficient value (SE) standardized value correlation

BMI -.166 0.004* -.882 (.218) -.298 0.001** -.308
Obesity class .255 0.036* – – – –
Serum calcium .359 0.001** 19.1 (7.51) .237 0.012* .200
Gender -.242 0.002* – – – –
Serum creatinine .344 0.001** .261 (.128) .220 0.043* .161
Blood urea .263 0.001** – – – –
Alanine transferase .175 0.027* – – – –

Table III. Bivariate correlation and regression analysis of the effect of 25(OH) vitamin D on clinical and biochemical charac-
teristics of obese subjects. 

Statistically significant at P< *0.05, ** P < 0.001. β (SE) = Unstandardized coefficient (Standard error). Multivariate back-
ward stepwise regression analysis final model, constant = -3.44, P=0.796. R=.472, R2=.223, F=14.93, percent predicted=75.9.
Obesity class as ordinal: 0 (lean), obesity class I=1, class II=2, class III=3, Gender: 0=female, 1=male.

Bivariate correlation Multivariate backward regression analysis
Clinical and
biochemical P ββ ββ P
characteristics Coefficient value (SE) standardized value

BMI .187 0.009** .739 (.309) .187 0.018*
Obesity class .175 0.013* – – –
Triglycerides .159 0.023* – – –
Serum bilirubin -.164 0.019* – – –
Alkaline phosphatase .158 0.023* – – –

Table IV. Bivariate correlation and regression analysis of effect of intact parathyroid hormone on clinical and biochemical
characteristics of obese subjects.

Statistically significant at *0.05, ** P < 0.001. β (SE) = Unstandardized coefficient (Standard error). Multivariate stepwise re-
gression analysis final model, constant = 24.07. R=.187, R2=.035, F=5.714, percent predicted= 67.3. Obesity class as ordinal:
0 (lean), obesity class I=1, class II=2, class III=3. 
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Discussion

Our study is the first in Saudi Arabia that ad-
dress vitamin D status in young healthy adults
and its relationship to obesity and insulin resis-
tance. Our findings revealed that hypovita-
minosis D was prevalent in 30% of the included
healthy adults Saudi irrespective of their BMI
with secondary hyperparathyroidism in 48.1%
and both parameters were altered more in obese
subjects and the degree of these alterations was

proportionate to the class of obesity. Previous re-
search had eluded that adult Saudis intake of vit-
amin D is about the fifth of those with similar
age range in the United States but without men-
tioning the method used for such finding25.

Our results in regard the association of hy-
povitaminosis D and obesity are in accordance to
others who found that BMI was an independent
factor predicting vitamin deficiency status1,2,34,35.
Furthermore, we found a significant decline of
vitamin D level in relation to classes of obesity
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HOMA-IR HOMA-B%

Variables ββ Coefficient P value ββ Coefficient P value

Gender -.262 0.001 -.227 0.004
BMI .517 0.001 .373 0.001
Serum calcium .307 0.001 .285 0.001
Parathyroid hormone -.031 0.704 -.014 0.863
25 (OH) vitamin D -.066 0.408 .103 0.207
Triglycerides .393 0.001 .217 0.001
Alkaline phosphatase .295 0.001 .199 0.011

Table V. Partial correlation coefficient’ of the effect of 25 (HO) vitamin D on insulin sensitivity and β cell function among the
obese subjects.

!Covariates considered: age, body mass index, vitamin D level, gender, HOMA-B%, total proteins, liver and renal function
tests results. !!Covariates considered: age, gender, insulin sensitivity, body mass index, vitamin D level, HOMA-IR, liver and
renal function tests results

Figure 3. Insulin resistance index (HOMA-IR) in relation to 25 (HO) vitamin D level in obese and lean subjects.
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which is consistent to similar finding obtained
from U.S. African-American obese population26.
Yanoff et al26 have found that the effect of adi-
posity on vitamin D status was independent of
dietary intake, socio-economic, sex, age and sea-
son and that low vitamin D as the Odd’s of sec-
ondary hyperparathyroidism were significantly
greater in obese subjects. 

Consequences of vitamin D deficiency include
a broad range of health problems. Some reports
suggest the potential importance of vitamin D in
prevention of certain cancers, autoimmune dis-
eases, heart disease and hypertension16,36. It has
been proposed because of the association be-
tween low sun exposure and the development of
many internal malignancies, the incidence and
mortality form these cancer could be prevented if
adequate vitamin D blood level is maintained37,38.
Hence, the importance of screening of those at
risk especially obese adults with BMI of ≥35
provided that cost effective analysis is consid-
ered26. The relationship between iPTH and BMI
is consistent with previous studies4,39,40. 

In addition, our finding regarding the relation-
ship between alkaline phosphatase level and
iPTH is also consistent with other studies 26, 34, 39. 

Alkaline phosphatase is marker of bone
turnover, and while considering that our subjects

were free from renal damage, hepatic or signifi-
cantly elevated transaminases but we can not role
out the presence of fatty liver. Our finding may
point out to the possibility of metabolic bone dis-
ease among our obese adults although we did not
measure the bone-specific enzymes. Lower ion-
ized calcium level among our obese subjects may
reflect their lower vitamin D level and be the
proximal cause of their greater iPTH level. The
mechanism underlying the lower levels of vita-
min D in relation to obesity is less clear. Greater
storage of vitamin D as a result of a larger fat
mass has been suggested42, as adipose tissue has
been shown to be the major storage site for vita-
min D in rats 43 and humans44. Compston et al 34

have proposed that obese individuals may spend
less time outdoors and, therefore, be less exposed
to ultraviolet radiation. 

Our data showed that in glucose tolerant
obese subjects there has been a negative corre-
lation between vitamin D and insulin resistance
and a positive correlation between vitamin D
level and β cell function but without statistical
significance. These findings are conflicting with
previous studies17,45,46, which reported that hy-
povitaminosis D is a risk factor for type 2 dia-
betes mellitus and metabolic syndrome. Several
explanations could be provided for this discrep-
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Figure 4. Relationship between parathyroid hormone, insulin resistance (HOMA-IR) and Beta cell function (HOMA-B).
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ancy. First, serum vitamin D concentrations and
its relationship with attitude are well known.
Therefore, regional differences in vitamin D are
well recognized phenomenon47. As a result, the
reference range defined with the use of the re-
gional population samples lead to different
range of lower limits among various regions. In
Saudi Arabia, the regional population reference
range is unknown. Therefore, we employed the
Western range of hypovitaminosis D which may
be different and does not reflect the true popula-
tion threshold for hypovitaminosis D. Second,
the gold standard for the measurement of in-
sulin sensitivity is the use the euglycemic
clamp48, instead with the used single blood sam-
pling to estimate the fasting blood sugar and
calculate insulin resistance that imposed a dif-
ferent results about the relationship. 

Insulin sensitivity may not be influenced by
circulating 25(OH) vitamin D in some popula-
tions. Manco et al 15 investigated the associations
of 25(OH) D with insulin sensitivity (determined
with a euglycemic-hyperinsulinemic clamp) in
morbidly obese Caucasian women. Serum
25(OH) D was not associated with insulin sensi-
tivity in these subjects either before bariatric
surgery or 5 and 10 years post-surgery suggest-
ing that the found low serum 25(OH) D concen-
trations before and after bariatric surgery do not
negatively affect insulin sensitivity. 

Other anthropometric factors, such as the ex-
treme adiposity prior to surgery and the im-
proved metabolic and lipid profile post-surgery,
likely had a greater impact than 25(OH) D on
insulin sensitivity. NHANES III data did not
show significant relationships between 25(OH)
D and HOMA-IR in African Americans despite
there are significant results in Caucasian and
Mexican Americans 49. Alemzadeh et al 50 re-
ported a significant relationship between serum
25(OH) D and Hb A1c in Caucasian but not in
African Americans. 

It is unclear whether diverse ethnicities have
different optimal serum concentrations of 25(OH)
D, and the relationships of serum 25(OH) D with
glucose homeostasis should be examined in dif-
ferent ethnicities using direct measures of insulin
sensitivity and secretion to confirm the effect of
25(OH) D with insulin sensitivity 51. 

Published data strongly supported the associ-
ation between hypovitaminosis D and β cell
dysfunction 52. There is ample evidence in ani-
mal studies that vitamin D is essential for nor-
mal insulin secretion. Insulin secretion was im-

paired in the vitamin D-deficient pancreas, and
it was improved by dietary vitamin D reple-
tion53,54. 

Vitamin D repletion improved glucose clear-
ance and insulin secretion in vivo, independent
of nutritional factors and the prevailing plasma
calcium and phosphorus concentrations55. Vita-
min D supplementation has been reported to im-
prove insulin secretion in vitamin D-deficient
and non-diabetic subjects 56 and in patients with
type 2 diabetes mellitus55,56. Our study unlike
those conducted on vitamin D deprived animals
or with human with profound cell dysfunction
(glucose impaired intolerance or diabetics),
where a profound β cell dysfunction is obvious.
We found a positive association between vitamin
D and β cell function. Further studies are needed
to address the clinical implications of this asso-
ciation. 

Limitations
This study has several limitations including

using a proxy measures to estimate insulin sensi-
tivity and β cell function in the form of fasting
blood glucose and serum insulin to calculate the
HOMA-IR and HOMA-B instead of the gold
standard hyper/euglycemic clamp. The accuracy
of proxy measures of insulin sensitivity may
vary depending on obesity status or ethnicity. In
addition, we utilized the BMI rather than a direct
measure of adiposity as a covariate in analyses.
The accuracy of BMI in reflecting adiposity has
been questioned. Studies have used total body
fat and BMI in models to predict 25(OH) D,
found that only total body fat emerged as an in-
dependent predictor. Our study did not consider
other confounders that may be mediating associ-
ations between 25(OH) D and insulin sensitivity,
such as physical activity and calcium intake,
each of which has been shown to be significant-
ly associated with insulin sensitivity.

Conclusion

Vitamin D level among young adult Saudi
obese is predicted by body mass index and class-
es of obesity. There are negative associations be-
tween vitamin D and parathyroid hormone and
insulin sensitivity among young adult subjects
but without statistical significance after control-
ling of the possible confounders.

A.I. Al-Sultan, T.T. Amin, M.A. Abou-Seif, M.R. Al Naboli



References

1) BELL NH, EPSTEIN S, GREENE A, OEXMANN MJ, SHAW S,
SHARY J. Evidence for alteration of the vitamin D
endocrine system in obese subjects. J Clin Invest
1985; 76: 370-373.

2) ARUNABH S, POLLACK S, CHEN T, YEH J, ALOIA JF. Body
fat contents and 25-hydroxyvitamin D levels in
healthy women. J Clin Endocrinol Metab 2003;
88: 157-161.

3) WORSTMAN J, MASTOUKA LY, HOLICK MF. Decreased
bio-availability of vitamin D in obesity. Am J Clin
Nutr 2000; 72: 690-693.

4) PARIKH SJ, ELELMAN M, UWAIFLO GI, FREEDMAN RJ,
SEMEGA-JANNEH M, REYNOLDS J, YANOVSKI JA. The
relationship between obesity and serum 1, 25-
dihydroxyvitamin D concentrations in healthy
adults. J Clin Endocrinol Metab 2004; 89: 1196-
1199.

5) GUNTHER CW, LEGOWSKI PA, LYLE RM, WEAVER CM,
MCCABE LD, MCCABE GP, PEACOCK M, TEEGARDEN D.
Parathyroid hormone is associated with de-
creased fat mass in young healthy women. Int J
Obesity 2006; 30: 94-99.

6) KAMYCHEVA E, JOAKISMEN RM, JORDE D. Intakes of
calcium and vitamin D predict body mass index in
young healthy women. Nutrition J 2002; 132:102-
106.

7) KAMYCHEVA E, SUNDFJORD I, JORDE D. Serum
parathyroid hormone level is associated with
body mass index. 5th Tromso study. Eur J En-
docrinol 2004; 151: 167-172. 

8) ZEMEL MB, SHI H, GREER B, DIRIENZO D, ZEMEL PC.
Regulation of adiposity by dietary calcium.
FASEB J 2000; 14: 1132-1138. 

9) MCCARTY MF, THOMAS CA. PTH excess may pro-
mote weight gain by impeding cathecholamine-in-
duced lipolysis- implications for the impact of cal-
cium, vitamin D, and alcohol on body weight. Med
Hypotheses 2003; 61: 535-542.

10) SHI H, DIRIENZO D, ZEMBEL MB. Effects of dietary
calcium on adipocyte lipid metabolism and body
weight regulation in energy-restricted aP2-agouti
transgenic mice. FASEB J 2001; 15: 291-293.

11) SMOGORZEWSKI M, PERNA AF, BOURM PR, MASSRY SG.
Fatty acid oxidation in the myocardium: effects of
parathyroid hormone and CRF. Kidney Int 1988;
34: 797-803.

12) NEWBURY L, DOLAN K, HATZIPTIS M, LOW N, FIELDING

G. Calcium and vitamin D depletion and elevated
parathyroid hormone following biliopancreatic di-
version. Obesity Surg 2003; 13: 893-895.

13) SLATER GH, REN CJ, SIEGEL N, WILLIAMS T, BARR D,
WOLFE B, DOLAN K, FIELDING GA. Serum fat-soluble
vitamin deficiency and abnormal calcium after
malabsorptive bariatric surgery. J Gastroentrol
Surg 2004; 8: 48-55.

14) JENSEN LB, KOLLERUP G, QUAADE F, SORENSEN OH.
Bone minerals changes in obese women during a
moderate weight loss with and without calcium
supplementation. J Bone Miner Res 2001; 16:
141-147.

15) MANCO M, CALVANI M, NANNI G, GRECO AV, IACONELLI

A, GASBARRINI G, CASTAGNETO M, MINGRONE G. Low
25-hydroxyvitamin D does not affect insulin sensi-
tivity in obesity after bariatric surgery. Obesity
Res 2005; 13: 1692-1700.

16) HOLICK MF. Vitamin D: importance in the preven-
tion of cancers, type I diabetes, heart disease,
and osteoporosis. Am J Clin Nutr 2004; 79: 362-
371.

17) CHIU KC, CHU A GO VL, SAAD MF. Hypovitaminosis
D is associated with insulin resistance and beta
cell dysfunction. Am J Clin Nutr 2004; 79:820-
825.

18) BOUCHER BJ, MANNAN N, NOONAN K, HALES CN,
EVANS SJ. Glucose intolerance and impairment of
insulin secretion in relation to vitamin D deficien-
cy in east London Asians. Diabetologia 1995; 38:
1239-1496. 

19) ISAIA G, GIORGINO R, ADAMI S. High prevalence of
hypovitaminosis D in female type 2 diabetic popu-
lation. Diabetes Care 2001; 24: 1496.

20) Scragg R, Sowers M, Bell C. Serum 25-hydrox-
yvitamin D, diabetes, and ethnicity in the Third
National Health and Nutrition Examination Sur-
vey. Diabetes Care 2004; 27: 2813-2818.

21) FLISER D, STEFANSKI A, FRANEK E, FODE P, GUDARZI A,
RITZ E. No effect of calcitriol on insulin-mediated
glucose uptake in healthy subjects. J Clin Endocr
Metab 1997; 27: 629-633.

22) PANIDIS D, BALARIS C, FARMAKIOTIS D, ROUSSO D,
KOURTIS A, BALARIS V, KATSIKIS I, ZOURNATZI V, DIA-
MANTI-KANDAREKIS E. Serum parathyroid hormone
concentrations are increased in women with
polycystic ovary syndrome. Clin Chem 2005; 51:
1691-1697.

23) SEDRANI SH. Low 25-hyroxyvitamin D and normal
serum calcium concentrations in Saudi Arabia:
Riyadh region. Ann Nutr Metab 1984; 28: 181-
185.

24) TAHA S, DOST S, SEDRANI S. 25-hydroxyvitamin D
and total calcium extra ordinary low plasma con-
centrations in Saudi mothers and their neonates.
Pediatr Res 1984; 18: 739-741.

25) AL-MUSTAFA ZH, AL-MADAN M, AL-MAJID HJ, AL-
MUSLEM S, AL-ATEEQ S, AL-ALI AK. Vitamin D defi-
ciency rickets in the Eastern Province of Saudi
Arabia. Ann Trop Paediatr 2007; 17: 63-67. 

26) MOHSEN AF EL-HAZMI, WARSY AS, AL-SWAILEM AR, AL-
SWAILEM AM, SULAIMANI R. Diabetes mellitus as a
health problem in Saudi Arabia. East Mediter-
ranean Health J 1998; 4: 58-67.

27) YNAOFF LB, PARIKH SJ, SPITALNIK A, DENKINGER B, SER-
BRING NC, SLAUGHTER P, MCHUGH T, REMALEY AT,

145

Vitamin D, parathyroid hormone levels and insulin sensitivity among obese young adult Saudis



146

YANOVSKI JA. The prevalence of hypovitaminosis D
and secondary hyperparathyroidism in obese
black Americans. Clin Endocrinol 2006; 64: 523-
529. 

28) LUBIN JH, GAIL MH, ERSHOW AG. Sample size and
power for case-control studies when exposures
are continuous. Stat Med 1988; 7: 363-376.

29) COHEN J. Statistical power analysis for the behav-
ioral sciences (2nd Ed.). Hillsdale, NJ: Lawrence
Earlbaum Associates, 1988.

30) MATTHEWS DR, HOSKER JP, RUDENSKI AS, NAYLOR BA,
TREACHER DF, TURNER RC. Homeostasis model as-
sessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concen-
trations in man. Diabetologia 1985; 28: 412-419.

31) WARNICK GR, KNOPP RH, FITZPATRICK V, BRANSON L.
Estimating low-density lipoprotein cholesterol by
the Friedewald equation is adequate for classify-
ing patients on the basis of nationally recom-
mended cut points. Clin Chem 1990; 36: 15-19.

32) NESBY-O’DELL S, SCANLON KS, COGSWELL ME, GILLESPIE

G, HOLLIS BW, LOOKER AC ALLEN C, DOUGHERTLY C,
GUNTER EW,  BOWMAN BA. Hypovitaminosis D
prevalence and determinants among African
American and white women of reproductive age:
third National Health and Nutrition Examination
Survey, 1988-94. Am J Clin Nutr 2002; 76: 187-
192. 

33) WHO, PHYSICAL STATUS. The use and interpretation
of anthropometry, Report of a WHO Expert Com-
mittee, WHO Technical Series 854, Geneva:
World Health Organization, 1995.

34) COMPSTON JE, VEDI S, LEDGER JE, WEBB A, GAZET JC,
PILKINGTON TR. Vitamin D status and bone histo-
morphometry in gross obesity. Am J Clin Nutr
1981; 34: 2359-2363.

35) SNIJDER MB, VAN DAM RM, DEEG DJ, DEKKER JM,
BOUTER LM, SEIDELL JC, LIPS P. Adiposity in relation
to vitamin D status and parathyroid hormone lev-
els: a population-based study in older men and
women. J Clin Endocr Metab 2005; 90: 4119-
4123.

36) HEANEY RP. Long-latency deficiency disease: in-
sights from calcium and vitamin D. Am J Clin Nutr
2003; 78: 912-919.

37) JEMAL A, CLEGG LX, WARD E, RIES LA, WU X, JAMISON

PM, WINGO PA, HOWE HL, ANDERSON RN, EDWARDS

BK. Annual report to the nation on status of can-
cer, 1975-2001, with a special feature regarding
survival. Cancer 2004; 101: 3-27.

38) WARD E, JEMAL A, COKKINIDES V, SINGH GK, CARDINEZ

C, GHAFOOR A, THUN M. Cancer disparities by
race/ethnicity and socio-economic status. CA-
Cancer J Clin 2004; 54: 78-93.

39) ZAMBONI G, SOFFIATI M, GIVARAINA D, TATO L. Mineral
metabolism in obese children. Acta Pediatr
Scand 1988; 77: 741-746.

40) HARKNESS L, CROMER B. Low levels of 25-hydroxy vi-
tamin D are associated with elevated parathyroid
hormone in healthy adolescent females. Osteo-
porosis Int 2005; 16: 109-113.

41) STEIN MS, FLICKER L, SCHERER SC, PATON LM, O’BRIEN
ML, WALTON SC, CHICK P, CARLANTONIO M, ZAJAC JD,
WARK JD. Relationship with serum parathyroid
hormone in old institutionalized subjects. Clin En-
docrinol 2001; 54: 583-592. 

42) WORTSMAN J, MATSOUKA LY, CHEN TC, LU Z, HOLICK

MF. Decreased bioavailability of vitamin D in obe-
sity. Am J Clin Nutr 2000; 72: 690-693.

43) ROSENSTREICH SJ, RICH C, VOLWILMER W. Deposition
in and release of vitamin D 3 from body fat: evi-
dence for a storage site in the rat. J Clin Invest
1971; 50: 679-687.

44) MAWER EB, BACKHOUSE J, HOLMAN CA, LUMB GA,
STANBURY SW. The distribution and storage of vita-
min D and its metabolities in human tissues. Clin
Sci 1972; 43: 423-431.

45) BOUCHER BJ, MANNAN N, NOONAN K, HALES CN,
EVANS SJ. Glucose intolerance and impairment of
insulin secretion in relation to vitamin D deficien-
cy in east London Asians. Diabetologia 1995; 38:
1239-1245.

46) LIND L, HEANNI A, LITHELL H, HVARFNER A, SEORENSEN

OH, LJUNGHALL S. Vitamin D is related to blood
pressure and other cardiovascular risk factors in
middle-aged men. Am J Hypertens 1995; 8: 894-
901.

47) MCKENNA MJ. Differences in vitamin D status be-
tween countries in young adults and the elderly.
Am J Med 1992; 93: 69-77.

48) DEFRONZO RA, TOBIN JD, ANDRES R. Glucose clamp
technique: a method for quantifying insulin secre-
tion and resistance. Am J Physiol 1979; 237:
E214-223. 

49) SCRAGG R, SOWER M, BELL C. Serum 25-hydroxyvita-
min D, diabetes, and ethnicity in the Third Nation-
al Health and Nutrition Survey. Diabetes Care
2004; 27: 2813-2818.

50) ALEMZADEH R, KICHLER J, BABAR G, CALHOUN M. Hy-
povitaminosis D in obese children and adoles-
cents: relationship with adiposity, insulin sensitivi-
ty, ethnicity and season. Metabolism 2008; 57:
183-191.

51) ALVAREZ JA, ASHRAF A. Role of vitamin D in insulin
secretion and insulin sensitivity for glucose home-
ostasis. Int J Endocrinol 2009; 2010, ID: 351385,
DOI:10.1155/2010/351385. 

52) CHERTOW BS, SIVITZ WI, BARANETSKY NG, CLARK SA,
WAITE A, DELUCA HF. Cellular mechanisms of in-
sulin release: the effect of vitamin D deficiency
and repletion on rat insulin secretion. Endocrinol-
ogy 1983; 113: 1511-1518.

53) TANAKA Y, SEINO Y, ISHIDA M, YAMAOKA K, YABUUCHI H,
ISHIDA H, SEINO S, SEINO Y. IMURA H. Effect of vitamin

A.I. Al-Sultan, T.T. Amin, M.A. Abou-Seif, M.R. Al Naboli



D on the pancreatic secretion of insulin and so-
matostatin. Acta Endocrinol (Copenh) 1984; 105:
528-533.

54) CADE C, NORMAN AW. Vitamin D3 improves im-
paired glucose tolerance and insulin secretion in
the vitamin D deficient rat in vivo. Endocrinology
1986; 119: 84-90.

55) GEDIK O, AKALIN S. Effects of vitamin D deficiency
and repletion on insulin and glucagon secretion in
man. Diabetologia 1986; 29: 142-145.

56) INOMATA S, KADOWAKI S, YAMATANI T, FUKASE M, FUJITA
T. Effect of 1 alpha (OH)-vitamin D3 on insulin se-
cretion in diabetes mellitus. Bone Miner 1986; 1:
187-192.  

––––––––––––––––––––
Acknowledgements

The authors would like to thank the Deanship of Sci-
entific Research, King Faisal University and Mr. Ab-
dul-Razzak Al Wibarry, Head of Lab. Technicians at
College of Medicine, King Faisal University for their
generous and sincere efforts to accomplish this re-
search.

147

Vitamin D, parathyroid hormone levels and insulin sensitivity among obese young adult Saudis


