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Introduction
Type 2 diabetes mellitus (T2DM) is a common health problem 

affects about 285million and expected to reach 438million by 2030 
worldwide,1‒3 Stroke and cardiovascular disorders may be induced by 
T2DM.3‒4 In addition, vitamin D deficiency is a worldwide epidemic 
health related problem5,6 which play an important role in T2DM 
development7 cardiovascular disease (CVD) and mortality.8‒10 Vitamin 
D deficiency may have a role in T2DM pathogenesis.11‒15

Deficiency of vitamin D level is usually associated with abdominal 
obesity, hypertension, and dyslipidemia.16 Body fat is a repository 
for vitamin D, a fat-soluble vitamin.17 Vitamin D that is deposited 
in adipose tissue is biologically inactive; thus, individuals with an 
increased body mass index are often vitamin D deficient, in addition 
aging, dark skin and limited exposure to sun light and heavy clothes 
are additional risk factors for deficiency of vitamin D.18 However, 
about 40% of adults have vitamin D deficiency.19

 Type 2 DM is a multifactorial disease characterized by chronic 
hyperglycemia, altered insulin secretion, and insulin resistance. It can 
be also defined by impaired glucose tolerance (IGT) that results from 
islet β cell dysfunction, followed by insulin deficiency in skeletal 
muscle, liver and adipose tissues.18 Evidence suggests a link between 
vitamin D deficiency and T2DM.19 It has been postulated that vitamin 

D has an influence on glycemic control.20 Pancreatic beta cell function 
may be affected by the existence of specific vitamin D receptors in the 
beta cells.21 Additionally, vitamin D is essential for pancreatic β cells 
insulin secretion regulation and calcium absorption.22 It is thought 
that vitamin D stimulates glucose transport and preventing systemic 
inflammation.23,24

Although there are evidences support role of vitamin D on glucose 
metabolism,25‒30 there is contradicted finding in other studies as the 
Sadiya and colleagues reported that six months of supplemental 
intake of vitamin D3 did not associated with improvement in glycemic 
control in T2DM patients.31 Therefore, the aim of this study was to 
investigate the possible relationship between vitamin D status and 
glucose hemostasis among Saudi type 2 diabetic patients.

Material and methods
Subjects

One hundred sixty nine Saudi obese T2DM patients (116 females 
and 53 males) with body mass index (BMI) ranged from 30 to 36Kg/m2 
and the mean of diabetes chronicity was 12.47±3.16years treated with 
oral hypoglycemic agents e.g. metformin and/or pioglitazone were 
selected from the out-patient diabetic clinic of the King Abdulaziz 
Teaching Hospital, Jeddah, Saudi Arabia. Initially, a physician at 
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Abstract

Background: Type 2 diabetes mellitus (T2DM) and vitamin D deficiency are now consi-
dered a health problem worldwide that is strongly associated with cardiovascular mortality. 

Objective: This study was to investigate the possible relationship between vitamin D status 
and glucose hemostasis among Saudi type 2 diabetic patients. 

Material and Methods: One hundred sixty nine Saudi obese T2DM patients (116 females 
and 53 males) with body mass index (BMI) ranged from 30 to 36Kg/m2 and the mean of 
diabetes chronicity was 12.47±3.16years treated with oral hypoglycemic agents e.g. met-
formin and/or pioglitazone were selected from the out-patient diabetic clinic of the King 
Abdulaziz Teaching Hospital, Jeddah, Saudi Arabia. Initially, a physician at King Abdulaziz 
University Hospital examined all participants; their medical history was taken to collect 
information about general condition, physical activity and current medications. Exclusion 
criteria included smokers, kidney insufficiency, congestive heart failure, pregnant female 
patients, hepatitis and respiratory failure. All participants were enrolled in three groups 
according to 25-OHD levels: vitamin D deficiency group (A) 25-OHD level <20ng/ml, vi-
tamin D deficiency group (B) 25-OHD level=20–30ng/ml and normal vitamin D group(C) 
25-OHD level >30ng/ml. 

Results: Regarding glucose hemostasis, results revealed significantly higher values of 
QUICKI in group (C) compared to subgroup (A) and group (B) in addition to lower values 
of serum insulin, HOM-IR and HBA1c in subgroup (C) compared to group (A) and group 
(B). While there was significant difference between groups. Moreover, the 25-OHD showed 
a strong direct relationship with QUICKI and a strong inverse relationship with serum insu-
lin, HOM-IR and HBA1c in the three groups (P<0.05). 

Conclusion: There is an association between glucose hemostasis and vitamin D among 
Saudi type 2 diabetic patients.

Keywords: glucose hemostasis, insulin resistance, type 2 diabetes, obesity, vitamin d 
deficiency
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King Abdulaziz University Hospital examined all participants; 
their medical history was taken to collect information about 
general condition, physical activity and current medications. Only 
participants have fasting blood sugar levels more than 5.6mmol/L 
or random blood sugar level more than 7.8mmol/L (impaired blood 
sugar) were included in this study and were further checked for type 2 
diabetes mellitus as per recent American Diabetes Association criteria 
i.e. fasting blood sugar ≥7.0mmol/L or post-prandial blood sugar 
≥11.1mmol/L [2h plasma glucose 11.1mmol/L during an oral glucose 
tolerance test] and glycosylated hemoglobin (HbA1c%)>6.5%.32 
Exclusion criteria included smokers, kidney insufficiency, congestive 
heart failure, pregnant female patients, hepatitis and respiratory 
failure. All participants were enrolled in three groups according to 
25-OHD levels: vitamin D deficiency group (A) 25-OHD level <20 
ng/ml, vitamin D deficiency group (B) 25-OHD level=20–30ng/
ml and normal vitamin D group(C) 25-OHD level >30ng/ml. The 
Ethical Committee of the Faculty of Applied Medical Sciences, King 
Abdulaziz University, approved this study. All participants signed a 
written informed consent.

Measurements

In all subjects, clinical and anthropometric data were collected 
at the time of enrollment. Independent assessors who were blinded 
to group assignment and not involved in the routine treatment of the 
patients performed clinical evaluations and laboratory analysis. Body 
mass index (BMI) was calculated on the basis of weight (kilograms) 
and height (meters), and subjects were classified as normal weight 
(BMI 18.5–24.9kg/m2), overweight (BMI 25–29.9kg/m2), and obese 
(BMI ≥30kg/m2). In addition, between 07:30 and 09:00, after an 
overnight fast of 12h fasting blood sample was drawn.

Serum concentrations of 25-hydroxyvitamin D (25-
OHD): Measurement of 25(OH) vitamin D for all patients and 
controls were done by the commercial kit RIA (Elisa Kit; DiaSorin, 
Stillwater, MN, USA). Vitamin D deficiency was defined as a 25-
OHD level of less than 20ng/ml. Vitamin D levels between 20 and 
30ng/ml are termed ‘insufficient’. Vitamin D levels greater than 30ng/
ml are termed ‘optimal’.33,34 

Serum glucose, insulin and insulin resistance tests: Plasma glucose 
concentration and insulin were determined (Roche Diagnostics 
GmbH, Mannheim, Germany) using commercially available assay 
kits. Insulin resistance was assessed by homeostasis model assessment 
(HOMA-IR). HOMA-IR=[fasting blood glucose (mmol/l)-fasting 

insulin(mIU/ml)]/22.5.35 

However, insulin sensitivity was assessed by The quantitative 
insulin-sensitivity check index (QUICKI) using the formula: QUI-
CKI=1/[log(insulin)+log(glucose)].36 All serum samples were analy-
zed in duplicates. 

Statistical analysis

Statistical analysis of data was performed using SPSS (Chicago, 
IL, USA) version 17. Quantitative variables were described as 
mean±SD. qualitative variables were described as number and 
percentage. The Fisher’s exact test used in the compression of non-
parametric qualitative data and Mann–Whitney test was used to 
compare nonparametric qualitative data. While the one way ANOVA 
(analysis of variance) was used to compare more than two groups 
as regard a quantitative variable, P<0.05 was considered significant. 
However, the degree of correlation between serum insulin, HBA1c, 
HOM-IR, QUICKI and 25-OHD was calculated with Pearson’s 
correlation coefficients (r).

Results
Participants were divided into three groups; group (A) included 82 

female and 39 male patients has vitamin D deficiency (25-OHD<20ng/
ml), group (B) included 19 female and 8 male has vitamin D 
deficiency (25-OHD=20-30ng/ml) and group (C) included 15 female 
and 6 male patients has normal vitamin D (25-OHD level >30ng/ml). 
Comparison between patients’ groups regarding baseline variables 
showed that: there was no statistically significant difference between 
the three groups as regards all variables except uric acid the study 
groups showed significant differences (P=0.017). Regards the fasting 
blood sugar, it was found to be more in group (A) alone than in group 
(B) and group (C) (p=0.013). In addition, the raised postprandial 
blood sugar level was found to be more in group (A) than in the group 
(B) and group (C) with statistically significant difference between 
the three groups (p=0.008) (Table 1). Regarding glucose hemostasis, 
results revealed significantly higher values of QUICKI in group (C) 
compared to subgroup (A) and group (B) in addition to lower values 
of serum insulin, HOM-IR and HBA1c in subgroup (C) compared 
to group (A) and group (B). While there was significant difference 
between groups (Table 2). Moreover, the 25-OHD showed a strong 
direct relationship with QUICKI and a strong inverse relationship 
with serum insulin, HOM-IR and HBA1c in the three groups (Table 
3) (P<0.05).

Table 1 Comparison between Patients’ groups regarding baseline variables

Variable Group (A) 
(25-OHD<20Ng/Ml) Group (B) (25-OHD=20-30ng/Ml) Group (C) (25-OHD Level >30Ng/Ml) P Value

Age 54.56±6.27 56.18±5.93 52.72±7.11 0.83

Sex(Male: Female) 39(32%):82(68%) 8(29%):19(71%) 6(28%):15(72%) 0.076

BMI(kg/m2) 32.14±4.18 30.95±3.13 31.28±2.67 0.125

Diabetes duration 12.15±3.17 11.43±3.62 11.12±4.16 0.084

Uric acid 5.37±1.21 4.25±1.32 3.89±1.15 0.017*

HDL-c(mg/dl) 41.26±7.18 43.14±8.13 47.24±10.22 0.145

LDL-c(mg/dl) 121.31±14.19 110.57±12.26 102.18±11.27 0.316

FBS(mg/dl) 188.16±32.42 142.29±25.12 121.74±19.23 0.013*

PPS (mg/dl) 273.24±46.35 208.14±37.21 167.48±24.66 0.008*

BMI, body mass index; HDL-c, high-density lipoprotein cholesterol; LDL-c, low--density lipoprotein cholesterol; FBS, fasting blood sugar: PPS, postprandial blood 
sugar; (*) indicates a significant difference between groups, P<0.05
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Table 2 Comparison between Patients’ groups regarding serum insulin, HBA1c, HOM-IR and QUICKI

Variable Group (A) (25-OHD<20Ng/Ml) Group (B)(25-OHD = 20-30Ng/
Ml) Group(C)(25-OHD Level >30Ng/Ml) P Value

Insulin(mU/L) 15.74±3.68 13.65±3.14 12.31±2.94* 0.013*

HBA1c(%) 9.26±2.45 8.52±1.81 7.18±1.75* 0.024*

HOMA-IR 5.97±1.62 5.13±1.46 4.12±1.17* 0.016*

QUICKI 0.127±0.05 0.152±0.07 0.189±0.08* 0.032*

HBA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment-insulin resistance (HOMA-IR) index, QUICKI, the quantitative insulin-sensitivity 
check index; (*) indicates a significant difference between groups, P<0.05

Table 3 Correlation coefficient (r) of 25-OHD, serum insulin, HBA1c, HOM-IR and QUICKI in the three groups

  Group (A) (25-OHD<20Ng/
Ml) Group (B) (25-OHD =20-30Ng/Ml) Group (C) (25-OHD Level >30Ng/Ml)

Insulin(mU/L) -0.512* -0.733** -0.716**

HBA1c(%) -0.726 ** -0.528* -0.583*

HOMA-IR -0.642 ** -0.641** -0.525*

QUICKI 0.635 * 0.715** 0.611**

Discussion
Vitamin D deficiency plays an important role in development 

of T2DM37 and its cardiovascular complications.38 We detected a 
significant negative correlation between plasma vitamin D and each of 
insulin levels, FPG, HOMA-IR and HbA1c levels in all studied groups. 
Our results were in harmony with Schuch et al.,39 Mukhopadhyaya 
et al.,40 Bid et al.41 However, National Health and Nutrition Survey 
2001-2006 was conducted to examine the combined impact of vitamin 
D insufficiency and obesity on insulin sensitivity and T2DM.42 It was 
found that obese subjects with low level of vitamin D had a 32.13-fold 
increase in insulin resistance versus the 19.9-fold increase in insulin 
resistance noted in obese individuals with adequate vitamin D levels. 
However, there was not a statistically significant relationship between 
the 2 factors and diabetes. The investigators concluded that the weaker 
association with T2DM than insulin resistance might be because 
insulin resistance is the mechanism in which vitamin D impacts 
diabetes.48 Our results revealed that both fasting blood sugar and 
postprandial blood sugar were statistically significant higher among 
obese T2DM patients with deficiency in vitamin D than obese T2DM 
patients with optimal vitamin D levels. Moreover, glucose hemostasis 
parameters correlated with the 25-OHD in the three groups (P<0.05). 
Several previous studies demonstrated a direct relationship between 
insulin sensitivity and circulating vitamin D level.44‒46 While, Pirgon 
et al.47 reported that level of 25(OH)D was decreased among 87 obese 
adolescent with or without nonalcoholic fatty liver disease that was 
negatively correlated with HOMA-IR and also with and with alanine 
aminotransferase that indicates low insulin sensitivity associated with 
insufficient vitamin D status.47 Also, Jung et al.48 enrolled 257 T2DM 
patients with microvascular complication included retinopathy, 
nephropathy and diabetic peripheral neuropathy and categorized 
them into 3 groups according to the vitamin D status and proved that 
low level of 25-OHD was associated with increased risk of diabetic 
peripheral neuropathy in male T2DM patients and increased risk of 
diabetic nephropathy in female T2DM patients.48 However, Alissa 
et al.49 enrolled 300 postmenpausal Saudi women in a cohort study 
for possible association between metabolic syndrome and 25-OHD 
deficiency, they found an inverse relationship between 25-OHD and 
triglycerides and fasting blood glucose and diastolic blood pressure, 
which indicate an association between decreased level of 25-OHD and 
metabolic syndrome.49 Similarly, Mackawy and Badawi50 investigated 

the possible role of Vitamin D in insulin resistance and systemic 
inflammation in 130 patients with T2DM; they conducted genetic 
analysis for vitamin D receptors gene polymorphisms in addition to 
biochemical analysis and suggested an interaction between vitamin 
D receptors gene polymorphisms and HOMA-IR, insulin, vitamin D, 
interleukin-6, body mass index and waist circumference.50 

In the other hand previous studies proved that supplementation 
of vitamin D improves insulin sensitivity as Elseweidy et al.51 
reported that Vitamin D supplementation alleviated insulin resistance 
and hyperinsulinemia as result of activation of insulin receptor 
phosphorylation in diabetic rat model received 20% fructose in 
drinking water for 45 days to induce diabetes.51 However, Osati et 
al.52 enrolled 210 subjects with vitamin D deficiency who were 
assigned into two group where the first group received supplemental 
vitamin D and the second group received placebo treatment for two 
months, they found that corrected deficiency of vitamin D improved 
insulin sensitivity and maintained serum glucose at the normal level 
along with low serum insulin level.52 While, Calvo-Romero and 
Ramiro-Lozano53 stated that vitamin D supplementation of 16,000 
IU for 48days improved indices of insulin resistance (HOMA-IR and 
QUICKI) in 28 T2DM patients.53 Moreover, Jamka et al.54 conducted 
a meta-analysis on 11 clinical trials that had 1181 subjects received 
vitamin D supplementation, 7 studies reported reduction in blood 
glucose level, serum insulin and HOMA-IR; whereas, 2 studies 
reported no significant changes.54

The possible mechanisms of improved insulin sensitivity a result 
of vitamin D supplement may include inhibition of inflammatory 
cytokines release and improved insulin receptor expression and/or 
proteins of the insulin-signaling cascade.55 Moreover, vitamin D may 
directly enhance binding of 1,25(OH)2vitD to the vitamin D receptor 
that expressed in the β cells of the pancreas56,57 or indirectly through 
its regulation of calcium as secretion of insulin from the β cells is 
a calcium dependent process.58 Moreover, the major limitations of 
the present study is only Saudi obese T2DM patients enrolled in the 
study, so the value of this study only related only to Saudi subjects, 
also small sample size in the three groups may limit the possibility of 
generalization of the findings in the present study. Finally, within the 
limit of this study, there is an association between glucose hemostasis 
and vitamin D among Saudi type 2 diabetic patients.

https://doi.org/10.15406/jdmdc.2017.04.00117



Vitamin d status and glucose hemostasis among Saudi type 2 diabetic patients 113
Copyright:

©2017 Jiffri et al.

Citation: Jiffri EH, Al-Dahr MH. Vitamin d status and glucose hemostasis among Saudi type 2 diabetic patients. J Diabetes Metab Disord Control. 
2017;4(4):110‒114. DOI: 10.15406/jdmdc.2017.04.00117

Acknowledgments 

The author thanks Prof. Mohammed Tayeb for his skillful 
assistance in selection of participants, laboratory analysis and during 
clamp procedures of this study. In addition, author is grateful for the 
cooperation and support of all patients who participated in this study.

Conflict of interest
Author declares that there is no conflict of interest.

References
1.	 Rathmann W, Giani G. Global prevalence of diabetes: estima-

tes for the year 2000 and projection for 2030. Diabetes Care. 
2004;27(10):2568‒2569. 

2.	 Hu FB. Globalization of diabetes: the role of diet, lifestyle, and genes. 
Diabetes Care. 2011;34(6):1249‒1257.

3.	 Zhang Nana, Yang X, Zhu X, et al. Type 2 diabetes mellitus unaware-
ness, prevalence, trends and risk factors: National Health and Nutri-
tion Examination Survey (NHANES) 1999-2010. J Int Med Res. 
2017;45(2):594‒609. 

4.	 Wild S, Roglic G, Green A, et al. Global prevalence of diabetes: es-
timates for the year 2000 and projections for 2030. Diabetes Care. 
2004;27(5):1047‒1053.

5.	 Comeau P. New diabetes treatment and prevention strategies needed. 
CMAJ. 2007;176(10):1401‒1402. 

6.	 Moore AF, Florez JC. Genetic susceptibility to type 2 diabetes and im-
plications for antidiabetic therapy. Annu Rev Med. 2008;59:95‒111.

7.	 Schering D, Kasten S. The link between diabetes and cardiovascular 
disease. J Pharm Prac. 2004;17(1):61‒65.

8.	 Hossein-nezhad A, Holick MF. Vitamin D for health: a global perspec-
tive. Mayo Clin Proc. 2013;88:720‒755.

9.	 Thacher TD, Clarke BL. Vitamin D insufficiency. Mayo Clin Proc. 
2011;86(1):50‒60.

10.	 Song Y, Wang L, Pittas AG, et al. Blood 25- hydroxy vitamin D levels 
and incident type 2 diabetes: a meta-analysis of prospective studies. 
Diabetes Care. 2013;36(5):1422‒1428.

11.	 Al Mheid I, Patel RS, Tangpricha V, et al. Vitamin D and cardiovascular 
disease: is the evidence solid? Eur Heart J. 2013;34(48):3691‒3698.

12.	 Tomson J, Emberson J, Hill M, et al. Vitamin D and risk of death from 
vascular and non-vascular causes in the Whitehall study and meta-a-
nalyses of 12,000 deaths. Eur Heart J. 2013;34(18):1365‒1374.

13.	 Knekt P, Laaksonen M, Mattila C, et al. Serum vitamin D and subsequent 
occurrence of type 2 diabetes. Epidemiology. 2008;19(5):666‒671.

14.	 Thorand B, Zierer A, Huth C, et al. Effect of serum 25-hydroxyvitamin 
D on risk for type 2 diabetes may be partially mediated by subclinical 
inflammation: results from the MONICA/KORA Augsburg study. Dia-
betes Care. 2011;34(10):2320‒2322. 

15.	 Dalgård C, Petersen MS, Weihe P, et al. Vitamin D status in relation to 
glucose metabolism and type 2 diabetes in septuagenarians. Diabetes 
Care. 2011;34(6):1284‒1288. 

16.	 Zehra O, Chowdhury TA. Vitamin D deficiency and type 2 diabetes. 
Postgrad Med J. 2010;86(1011):18‒25.

17.	 Baz-Hecht M, Goldfine AB. The impact of vitamin D deficiency on 
diabetes and cardiovascular risk. Curr Opin Endocrinol Diabetes Obes. 
2010;17(2):113‒119.

18.	 Osei K. 25-OH Vitamin D: it is the universal panacea for meta-
bolic syndrome and type 2 diabetes? J Clin Endocrinol Metab. 
2010;95(9):4220‒4222.

19.	 Ozfirat Z, Chowdhury TA. Vitamin D deficiency and type 2 diabetes. 
Postgrad Med J. 2010;86(1011):18‒25.

20.	 Parker J, Hashmi O, Dutton D. Levels of vitamin D and cardiomet-
abolic disorders; systematic review and meta-analysis. Maturitas. 
2009;65(3):225‒236.

21.	 Satin LS, Butler PC, Ha J, et al. Pulsatile insulin secretion, impaired glu-
cose tolerance and type 2 diabetes. Mol Aspects Med. 2015;42:61‒77.

22.	 Pittas AG, Lau J, Hu FB, et al. Review: the role of vitamin D and cal-
cium in type 2 diabetes. A systematic review and meta-analysis. J Clin 
Endocrinol Metab. 2007;92(6):2017‒2029.

23.	 Johnson JA, Grande JP, Roche PC, et al. Immunohistochemical locali-
zation of the 1,25(OH)2D3 receptor and calbindin D28k in human and 
rat pancreas. Am J Physiol. 1994;267(3 Pt 1):E356‒E360.

24.	 Kitaguchi T, Oya M, Wada Y, et al. Extracellular calcium influx activa-
tes adenylate cyclase 1 and potentiates insulin secretion in MIN6 cells. 
Biochem J. 2013;450(2):365‒373.

25.	 Wolden-Kirk H, Overbergh L, Christesen HT, et al. Vitamin D and 
diabetes: it’s importance for beta cell and immune function. Mol Cell 
Endocrinol. 2011;347(1‒2):106‒120.

26.	 Eduardo C Chagas A, Borges MC, et al. Focus on vitamin D, inflamma-
tion and type 2 diabetes. Nutrients. 2012;4(1):52‒67.

27.	 Grimnes G, Figenschau Y, Almås B, et al. Vitamin D, insulin secretion, 
sensitivity, and lipids. Diabetes. 2011;60(11):2748‒2757.

28.	 Mitri J, Dawson-Hughes B, Hu F. Am J Clin Nutr. 2011;94:486‒494.

29.	 Al-Daghri NM, Alkharfy KM, Al-Saleh Y, et al. Modest reversal 
of metabolic syndrome manifestations with vitamin D correction: a 
12-month prospective study. Metabolism. 2012;61(5):661‒666.

30.	 Pittas AG, Chung M, Trikalinos T, et al. Vitamin D and cardiometabolic 
outcomes: a systematic review. Ann Intern Med. 2010;152(5):307‒314.

31.	 Parker J, Hashmi O, Mavrodaris A, et al. Levels of vitamin D and car-
diometabolic disorders: systematic review and metaanalysis. Maturi-
tas. 2010;65(3):225‒236.

32.	 El-Hajj Fuleihan G. Can the sunshine vitamin melt the fat? Metabolism. 
2012;61:603‒610.

33.	 Sadiya Amena, Ahmed Solafa M, Carlsson Martin, et al. Vitamin D 
supplementation in obese type 2 diabetes subjects in Ajman, UAE: a 
randomized controlled double blinded clinical trial. Eur J Clin Nutr. 
2014;1‒5.

34.	 American Diabetes Association: Diagnosis and classification of diabe-
tes mellitus. Diabetes Care. 2010;33(Suppl 1):S62‒S69.

35.	 Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):266‒281.

36.	 Effraimidis G, Badenhoop K, Tijssen JG, et al. Vitamin D deficiency is 
not associated with early stages of thyroid autoimmunity. Eur J Endo-
crinol. 2012;167(1):43‒48.

37.	 Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model as-
sessment: insulin resistance and beta cell function from plasma FBS 
and insulin concentrations in man. Diabetologia. 1985;28(7):412‒419.

38.	 Katz A, Nambi SS, Mather K, et al. Quantitative insulin sensitivity 
check index: a simple, accurate method for assessing insulin sensitivity 
in humans. J Clin Endocrinol Metab. 2000;85(7):2402‒2410.

39.	 Schuch NJ, Garcia VC, Sandra RG, et al. Relationship between vitamin 
D receptor gene polymorphisms and the components of metabolic syn-
drome. Nutr J. 2013;12:96.

40.	 Mukhopadhyaya PN, Acharya A, Chavan Y, et al. Metagenomic stu-
dy of single-nucleotide polymorphisms within candidate genes asso-
ciated with type 2 diabetes in an Indian population. Genet Mol Res. 
2010;9(4):2060‒2068.

https://doi.org/10.15406/jdmdc.2017.04.00117

https://www.ncbi.nlm.nih.gov/pubmed/15451946
https://www.ncbi.nlm.nih.gov/pubmed/15451946
https://www.ncbi.nlm.nih.gov/pubmed/15451946
https://www.ncbi.nlm.nih.gov/pubmed/21617109
https://www.ncbi.nlm.nih.gov/pubmed/21617109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28415936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28415936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28415936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28415936
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28415936
https://www.ncbi.nlm.nih.gov/pubmed/15111519
https://www.ncbi.nlm.nih.gov/pubmed/15111519
https://www.ncbi.nlm.nih.gov/pubmed/15111519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1863526/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1863526/
https://www.ncbi.nlm.nih.gov/pubmed/17937592
https://www.ncbi.nlm.nih.gov/pubmed/17937592
http://journals.sagepub.com/doi/abs/10.1177/0897190003261310
http://journals.sagepub.com/doi/abs/10.1177/0897190003261310
https://www.ncbi.nlm.nih.gov/pubmed/23790560
https://www.ncbi.nlm.nih.gov/pubmed/23790560
https://www.ncbi.nlm.nih.gov/pubmed/21193656
https://www.ncbi.nlm.nih.gov/pubmed/21193656
https://www.ncbi.nlm.nih.gov/pubmed/23613602
https://www.ncbi.nlm.nih.gov/pubmed/23613602
https://www.ncbi.nlm.nih.gov/pubmed/23613602
https://www.ncbi.nlm.nih.gov/pubmed/23751422
https://www.ncbi.nlm.nih.gov/pubmed/23751422
https://www.ncbi.nlm.nih.gov/pubmed/23257953
https://www.ncbi.nlm.nih.gov/pubmed/23257953
https://www.ncbi.nlm.nih.gov/pubmed/23257953
https://www.ncbi.nlm.nih.gov/pubmed/18496468
https://www.ncbi.nlm.nih.gov/pubmed/18496468
https://www.ncbi.nlm.nih.gov/pubmed/21873558
https://www.ncbi.nlm.nih.gov/pubmed/21873558
https://www.ncbi.nlm.nih.gov/pubmed/21873558
https://www.ncbi.nlm.nih.gov/pubmed/21873558
https://www.ncbi.nlm.nih.gov/pubmed/21515843
https://www.ncbi.nlm.nih.gov/pubmed/21515843
https://www.ncbi.nlm.nih.gov/pubmed/21515843
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=20065337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=20065337
https://www.ncbi.nlm.nih.gov/pubmed/20150805
https://www.ncbi.nlm.nih.gov/pubmed/20150805
https://www.ncbi.nlm.nih.gov/pubmed/20150805
https://www.ncbi.nlm.nih.gov/pubmed/20823471
https://www.ncbi.nlm.nih.gov/pubmed/20823471
https://www.ncbi.nlm.nih.gov/pubmed/20823471
https://www.ncbi.nlm.nih.gov/pubmed/20065337
https://www.ncbi.nlm.nih.gov/pubmed/20065337
https://www.ncbi.nlm.nih.gov/pubmed/25637831
https://www.ncbi.nlm.nih.gov/pubmed/25637831
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/23282092
https://www.ncbi.nlm.nih.gov/pubmed/23282092
https://www.ncbi.nlm.nih.gov/pubmed/23282092
https://www.ncbi.nlm.nih.gov/pubmed/21889571
https://www.ncbi.nlm.nih.gov/pubmed/21889571
https://www.ncbi.nlm.nih.gov/pubmed/21889571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3277101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3277101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3198082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3198082/
https://www.ncbi.nlm.nih.gov/pubmed/22075268
https://www.ncbi.nlm.nih.gov/pubmed/22075268
https://www.ncbi.nlm.nih.gov/pubmed/22075268
https://www.ncbi.nlm.nih.gov/pubmed/20194237
https://www.ncbi.nlm.nih.gov/pubmed/20194237
https://www.ncbi.nlm.nih.gov/pubmed/20031348
https://www.ncbi.nlm.nih.gov/pubmed/20031348
https://www.ncbi.nlm.nih.gov/pubmed/20031348
https://www.ncbi.nlm.nih.gov/pubmed/22304833
https://www.ncbi.nlm.nih.gov/pubmed/22304833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797383/
https://www.ncbi.nlm.nih.gov/pubmed/17634462
https://www.ncbi.nlm.nih.gov/pubmed/22518050
https://www.ncbi.nlm.nih.gov/pubmed/22518050
https://www.ncbi.nlm.nih.gov/pubmed/22518050
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/10902785
https://www.ncbi.nlm.nih.gov/pubmed/10902785
https://www.ncbi.nlm.nih.gov/pubmed/10902785
https://www.ncbi.nlm.nih.gov/pubmed/23855914
https://www.ncbi.nlm.nih.gov/pubmed/23855914
https://www.ncbi.nlm.nih.gov/pubmed/23855914
https://www.ncbi.nlm.nih.gov/pubmed/20967696
https://www.ncbi.nlm.nih.gov/pubmed/20967696
https://www.ncbi.nlm.nih.gov/pubmed/20967696
https://www.ncbi.nlm.nih.gov/pubmed/20967696


Vitamin d status and glucose hemostasis among Saudi type 2 diabetic patients 114
Copyright:

©2017 Jiffri et al.

Citation: Jiffri EH, Al-Dahr MH. Vitamin d status and glucose hemostasis among Saudi type 2 diabetic patients. J Diabetes Metab Disord Control. 
2017;4(4):110‒114. DOI: 10.15406/jdmdc.2017.04.00117

41.	 Bid HK, Konwar R, Aggarwal CG, et al. Vitamin D receptor (FolkI, 
BsmI and TaqI) gene polymorphisms and type 2 diabetes mellitus: a 
North Indian study. Indian J Med Sci. 2009;63(5):187‒194.

42.	 Kositsawat J, Freeman VL, Gerber BS, et al. Association of A1C levels 
with vitamin D status in U.S. adults: data from the national health and 
nutrition examination survey. Diabetes Care. 2010;33(6):1236‒1238.

43.	 Lazear J, Kapustin J. Vitamin D Deficiency and Type 2 Diabe-
tes: A Retrospective Review. The Journal for Nurse Practitioners. 
2014;10(3):175‒182.

44.	 Chiu KC, Chu A, Go VL, et al. Hypovitaminosis D is associated 
with insulin resistance and beta cell dysfunction. Am J Clin Nutr. 
2004;79(5):820‒825.

45.	 Pittas AG, Harris SS, Stark PC, et al. The effects of calcium and vitamin 
D supplementation on blood glucose and markers of inflammation in 
nondiabetic adults. Diabetes Care. 2007;30(4):980‒986. 

46.	 Pittas AG, Lau J, Hu FB, et al. The role of vitamin d and calcium in type 
2 diabetes. A systematic review and meta-analysis. J Clin Endocrinol 
Metab. 2007;92(6):2017‒2029.

47.	 Pirgon O, Cekmez F, Bilgin H, et al. Low 25-hydroxyvitamin D level 
is associated with insulin sensitivity in obese adolescents with nonal-
coholic fatty liver disease. Obes Res Clin Pract. 2013;7(4):e275‒283.

48.	 Jung CH, Kim KJ, Kim BY, et al. Relationship between vitamin D sta-
tus and vascular complications in patients with type 2 diabetes mellitus. 
Nutr Res. 2016;36(2):117‒124.

49.	 Alissa E, Alnahdi W, Alama N, et al. Insulin resistance in Saudi post-
menopausal women with and without metabolic syndrome and its asso-
ciation with vitamin D deficiency. Journal of Clinical & Translational 
Endocrinology. 2015;2(1):42‒47.

50.	 Mackawy AM, Badawi ME. Association of vitamin D and vitamin D 
receptor gene polymorphisms with chronic inflammation, insulin resis-
tance and metabolic syndrome components in type 2 diabetic Egyptian 
patients. Meta Gene. 2014;2:540‒556.

51.	 Elseweidy MM, Amin RS, Atteia HH, et al. Vitamin D3 intake as regu-
lator of insulin degrading enzyme and insulin receptor phosphorylation 
in diabetic rats. Biomed Pharmacother. 2017;85:155‒159.

52.	 Osati S, Homayounfar R, Hajifaraji M. Metabolic effects of vitamin D 
supplementation in vitamin D deficient patients (a double-blind clinical 
trial). Diabetes Metab Syndr. 2016;10(2 Suppl 1):S7‒S10. 

53.	 Calvo-Romero JM, Ramiro-Lozano JM. Metabolic effects of supple-
mentation with vitamin D in type 2 diabetic patients with vitamin D 
deficiency. Diabetes Metabol Syndrom Clin Res Rev. 2016;10(2):72‒4. 

54.	 Jamka M, Wozniewicz M, Jeszka J, et al. The effect of vitamin D su-
pplementation on insulin and glucose metabolism in overweight and 
obese individuals: systematic review with meta-analysis. Sci Rep. 
2015;5:16142.

55.	 Von Hurst P, Stonehouse W, Coad J. Vitamin D supplementation re-
duces insulin resistance in South Asian women living in New Zealand 
who are insulin resistant and vitamin D deficient – a randomized, pla-
cebocontrolled trial. Br J Nutr. 2010;103(4):549‒555.

56.	 Johnson JA, Grande JP, Roche PC, et al. Immunohistochemical locali-
zation of the 1,25(OH)2D3 receptor and calbindin D28k in human and 
rat pancreas. Am J Physiol. 1994;267(3 Pt 1):E356‒E360.

57.	 Zeitz U, Weber K, Soegiarto DW, et al. Impaired insulin secretory 
capacity in mice lacking a functional vitamin D receptor. FASEB J. 
2003;17(3):509‒511.

58.	 Sergeev IN, Rhoten WB. 1,25-Dihydroxyvitamin D3 evokes oscilla-
tions of intracellular calcium in a pancreatic beta-cell line. Endocrino-
logy. 1995;136(7):2852‒2861.

https://doi.org/10.15406/jdmdc.2017.04.00117

https://www.ncbi.nlm.nih.gov/pubmed/19584489
https://www.ncbi.nlm.nih.gov/pubmed/19584489
https://www.ncbi.nlm.nih.gov/pubmed/19584489
https://www.ncbi.nlm.nih.gov/pubmed/20215453
https://www.ncbi.nlm.nih.gov/pubmed/20215453
https://www.ncbi.nlm.nih.gov/pubmed/20215453
http://www.npjournal.org/article/S1555-4155(13)00708-3/abstract
http://www.npjournal.org/article/S1555-4155(13)00708-3/abstract
http://www.npjournal.org/article/S1555-4155(13)00708-3/abstract
https://www.ncbi.nlm.nih.gov/pubmed/15113720
https://www.ncbi.nlm.nih.gov/pubmed/15113720
https://www.ncbi.nlm.nih.gov/pubmed/15113720
https://www.ncbi.nlm.nih.gov/pubmed/17277040
https://www.ncbi.nlm.nih.gov/pubmed/17277040
https://www.ncbi.nlm.nih.gov/pubmed/17277040
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/17389701
https://www.ncbi.nlm.nih.gov/pubmed/24306155
https://www.ncbi.nlm.nih.gov/pubmed/24306155
https://www.ncbi.nlm.nih.gov/pubmed/24306155
https://www.ncbi.nlm.nih.gov/pubmed/26826427
https://www.ncbi.nlm.nih.gov/pubmed/26826427
https://www.ncbi.nlm.nih.gov/pubmed/26826427
https://www.sciencedirect.com/science/article/pii/S2214623714000337
https://www.sciencedirect.com/science/article/pii/S2214623714000337
https://www.sciencedirect.com/science/article/pii/S2214623714000337
https://www.sciencedirect.com/science/article/pii/S2214623714000337
https://www.ncbi.nlm.nih.gov/pubmed/25606437
https://www.ncbi.nlm.nih.gov/pubmed/25606437
https://www.ncbi.nlm.nih.gov/pubmed/25606437
https://www.ncbi.nlm.nih.gov/pubmed/25606437
https://www.ncbi.nlm.nih.gov/pubmed/27930980
https://www.ncbi.nlm.nih.gov/pubmed/27930980
https://www.ncbi.nlm.nih.gov/pubmed/27930980
https://www.ncbi.nlm.nih.gov/pubmed/27094871
https://www.ncbi.nlm.nih.gov/pubmed/27094871
https://www.ncbi.nlm.nih.gov/pubmed/27094871
https://www.ncbi.nlm.nih.gov/pubmed/26476486
https://www.ncbi.nlm.nih.gov/pubmed/26476486
https://www.ncbi.nlm.nih.gov/pubmed/26476486
https://www.ncbi.nlm.nih.gov/pubmed/26543018
https://www.ncbi.nlm.nih.gov/pubmed/26543018
https://www.ncbi.nlm.nih.gov/pubmed/26543018
https://www.ncbi.nlm.nih.gov/pubmed/26543018
https://www.ncbi.nlm.nih.gov/pubmed/19781131
https://www.ncbi.nlm.nih.gov/pubmed/19781131
https://www.ncbi.nlm.nih.gov/pubmed/19781131
https://www.ncbi.nlm.nih.gov/pubmed/19781131
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/7943215
https://www.ncbi.nlm.nih.gov/pubmed/12551842
https://www.ncbi.nlm.nih.gov/pubmed/12551842
https://www.ncbi.nlm.nih.gov/pubmed/12551842
https://www.ncbi.nlm.nih.gov/pubmed/7789310
https://www.ncbi.nlm.nih.gov/pubmed/7789310
https://www.ncbi.nlm.nih.gov/pubmed/7789310

	Title
	Abstract
	Background
	Objective
	Material and Methods:
	Results
	Conclusion

	Keywords
	Introduction
	Material and methods 
	Subjects
	Measurements
	Statistical analysis 

	Results
	Discussion
	Acknowledgments
	Conflict of interest 
	References
	Table 1
	Table 2 
	Table 3

