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D. M. AND  VITAMIN D

Vitamin D Insufficiency in Type 2 Diabetic Patients Correlates 
the Disease Prognostic Indices: A Northern Saudi Status 
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ABSTRACT
Objective: An epidemic of type 2 diabetes mellitus (T2DM) is attacking Saudi Arabia with the worst burden, necessitating a 

drastic comprehensive preventive strategy. Blood level of vitamin D correlates the disease and its supplementation favors pre-
vention and management. However, the vitamin D status is not known in our area with the highest prevalence of the disease at 
the national level. 

Methods: In a case control study, we investigated plasma levels of vitamin D measured as 25-hydroxy vitamin D 
(25-OH-VitD) in healthy controls (n = 126) and T2DM patients (n = 290) from Al-Jouf region. Its level was correlated to plasma 
atherogenic index (AIP), C-reactive protein (CRP) and insulin resistance (as HOMA-IR) along with age, BMI, body shape index 
(ABSI), disease duration and complication and treatment scores. Vitamin D deficiency was massive among controls (~50%) and 
T2DM patients (~80%, where majority were very deficient). Treatment score correlated with worst prognostic changes. CRP, 
HOMA-IR and AIP were significantly higher in patients than controls. 25-OH-VitD level significantly correlated with age, ABSI, 
AIP, CRP, disease duration and treatment score in patients and correlated with age, BMI, ABSI, HOMA-IR, and AIP in con-
trols. 

Conclusions: There is a wide spread vitamin D deficiency in the targeted sample of Al-Jouf healthy controls and was worse 
in T2DM Saudi population (X2 = 41.3; p < 0.001). It significantly correlated with the negative prognostic indices of the disease. 
As a part of a suggested disease prevention strategy, vitamin D replenishment is recommended.
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INTRODUCTION

Nationally, type 2 diabetes mellitus (T2DM) as a significant global 
life-threatening challenge has highest prevalence (~31%), the worst 
complication scenario and economic burden1). Despite the improvement 
in therapy and life style changes, incidence of T2DM is increasing at an 
alarming rate. This fueled a shift toward disease prevention approaches. 
With several limitations, the association of hypovitaminosis D and dia-
betes, and, the ability of vitamin D (Calciferol; VitD) replacement to 
affect incidence, management and complications of diabetes, attracted 
tremendous research attention to the extraskeletal effects of the vita-
min2). 25-OH-VitD, the main body reservoir and transport form, and, 
biomarker of vitamin D, is generated in the liver from its diet or skin 
precursor. Its further activation into the biologically active 1,25-diOH-

VitD (Calcitriol) hormone, mainly in the kidney, pancreas and immune 
cells, is induced by parathormone. Extra-skeletally, calcitriol controls 
immune and cellular growth, differentiation and fate, inflammation, 
angiogenesis, renin-angiotensin-aldosterone system, neurotrophic factor 
expression, expression of both phases I and II drug-metabolizing 
enzymes, glucose disposal and insulin section and action, and vascular 
health. Mechanistically, genomically and non-genomically this is 
achieved by being the ligand for vitamin D nuclear receptor (VDR), the 
transcription regulator, controlling a multitude of genes and protein 
kinases in relevant tissues including the pancreas3-5).

The global epidemic of vitamin D deficiency - encompassing a wide 
range of ethnically and geographically diverse countries, pathogeneti-
cally inversely correlates a number of chronic clinical outcomes, name-
ly, insulin resistance, metabolic syndrome, T2DM, autoimmune and car-
diovascular diseases, and cancer6-8). A pathogenetic role for vitamin D in 
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diabetes is inferred from: 1) Diabetic patients have a higher incidence of 
hypovitaminosis D that associates decreased insulin synthesis, secretion 
and action, 2) Pancreatic tissue (β-cells in particular) as well as numer-
ous ce l l types of the immune sys tem express a func t iona l 
1α-hydroxylase, VDR and binding protein, 3) Genetic polymorphisms 
of vitamin D-related genes (metabolism and VDR action) may predis-
pose to impaired glycemic control, insulin secretion and sensitivity, 
inflammation and T2DM, 4) Its deficiency is implicated in obesity, a 
risk factor for T2DM, with low grade chronic inflammation against 
which vitamin D is antiinflammatory, and, 5) Vitamin D prevents exper-
imental diabetes and ameliorates pathogenetic domains of diabetes by 
increasing insulin sensitivity and decreasing inflammation and dyslipid-
emia9-11). T1 and T2DM have inverse correlation with 25-OH-VitD con-
centration and UVB dose or exposure. Data generally satisfy Hill’s cri-
teria for causality (specificity, temporality, biological gradient, plausibil-
ity, coherence, and experiment) regarding vitamin D and incidence of 
diabetes10). Despite sunshine abundance, the Saudi community suffers 
severe widespread hypovitaminosis D that is more common in young 
and middle-aged - necessitating vitamin D replenishment6). Reviewing 

vitamin D status among patients of various diseases from the Southern 
area, 98% of them were vitamin D deficient, where nondiabetic were 
even worse than diabetic patients12). 

Because of the aforementioned pathophysiological importance of 
vitamin D sufficiency particularly in the context of the national T2DM 
epidemic, we planned to assess a possible deficiency in vitamin D mea-
sured as 25-OH-VitD in healthy controls and T2DM patients from the 
predominantly agricultural Al-Jouf area. Its correlation with the most 
prognostic indices of the disease, namely, C-reactive protein (CRP) as a 
chronic low-grade inflammatory marker, atherogenic index of plasma 
(AIP) as a marker of the worst lipid profile, and insulin resistance (IR) 
calculated as HOMA-IR, disease treatment and complication scores and 
disease duration, was assessed. 

Table 1. Age and anthropometrics indices (BMI and body shape index = ABSI) and the investigated parameters (atherogenic index 
of plasma = AIP, insulin resistance = HOMA-IR and C-reactive protein = CRP) in the healthy control participants (HCs) 
and type II diabetic patients (T2DM) distributed according to the plasma 25-hydroxy-vitamin D level in relation to treat-
ment score (TS), complication score (CS) and disease duration (DD) in patients. 

 HCs - All HCs - H HCs - N HCs - Def HCs - V-Def T2DM - All T2DM - H T2DM - N T2DM - Def T2DM - V-Def
 (n = 126) (n =  (n =  (n =  (n =  (n = 290) (n =  (n =  (n =  (n = 
  14/11.111%) 48/38.095%) 52/41.270%) 12/9.524%)  29/10%) 30/10.345%) 95/32.759%) 136/46.897%)

Age,  19 - 83  24 - 73 20 - 75 19 - 83 19 - 60 23 - 85 30 - 80 23 - 75 27 - 80 23 - 85
Years (44.45 ±  (41 ±  (39.06 ±  (48.23 ±  (37 ±  (47.82 ±  (48.32 ± (41.41 ±  (50.77 ±  (47.04 ± 
 16.96) 15.25) 13.56) 15.54) 11.87) 13.29) 11.32) 14.84) 13.47) 12.37)

ABSI 0.032 -  0.032 -  0.034 -  0.054 -  0.055 -  0.051 -  0.052 -  0.051 -  0.054 -  0.051 - 
 0.089  0.088 0.085 0.089 0.08 0.105 0.077 0.091 0.105 0.084
 (0.068 ±  (0.068 ±   (0.062 ±   (0.073 ±  (0.072 ±  (0.070 ±  (0.067 ±  (0.070 ±  (0.069 ±  (0.070 ± 
 0.013) 0.017) 0.012) 0.011) 0.01) 0.008) 0.008) 0.01) 0.008) 0.007)

BMI 17 - 41.1  23.06 -  19.38 -  17 -  20 -  18.26 -  22.27 -  21.36 -  20.2 -  18.26 - 
  39.97 38.67 41.1 34 42.46 37.04 37.32 42.46 39.84
 (27.66 ±   (29.52 ±   (27.49 ±   (26.72 ±   (27.43 ±   (29.07 ±  (28.23 ±  (28.69 ±  (29.88 ±  (28.82 ± 
 4.998) 5.322) 4.968) 4.951) 4.065) 4.595) 3.642) 4.231) 4.757) 4.838)

AIP -0.386 -  -0.168 -  -0.268 -  -0.386 -  -0.268 -  0.076 -  0.138 -  0.101 -  0.143 -  0.076 - 
 0.330  0.237 0.226 0.33  0.215  0.869  0.865 0.869 0.812 0.859
 (0.011 ±  (0.03 ±  (-0.019 ±  (0.026 ±  (-0.001 ±  (0.399 ±  (0.452 ±  (0.366 ±  (0.431 ±   (0.374 ± 
 0.139) 0.126) 0.133) 0.152) 0.155) 0.179) 0.248) 0.185) 0.154) 0.169)

HOMA- 0.4 - 3.4  0.4 - 1.986 0.4 - 3.4 0.4 - 2.3 0.5 - 2.1 0.3 - 13.7 0.6 - 7.5 0.3 - 8.8 0.4 - 12.4 0.3 - 13.7
IR (1.01 ±  (0.919 ±  (1.023 ±  (0.936 ±  (1.183 ±  (3.971 ±  (3.823 ±  (3.709 ±  (3.966 ±  (3.959 ± 
 0.520) 0.417) 0.621)  0.421)  0.575)  2.51) 1.808)  2.42) 2.679)  2.448)

CRP,  0.179 -  0.982 -  0.179 -  0.179 -  0.179 -  0.527 -  1.273 -  0.768 -  0.93 -  0.527 - 
mg/mL 10.550 3.658 3.994 7.014 10.55 6.948 4.494 6.296 6.101 6.948
 (1.956 ±  (2.258 ±  (1.634 ±  (1.805 ±   (3.117 ±  (3.408 ±  (3.629 ±  (3.316 ±  (3.533 ±  (3.307 ± 
 1.329) 0.829) 0.872) 1.083) 2.832) 1.011) 0.894) 1.171) 0.927) 1.038)

VitD,  6.197 -  51.9 -  20.81 -  10.01 -  6.197 -  3.415 -  51.44 -  19.08 -  10.05 -  3.415 - 
ng/mL 80.700  80.7 50 19.85 9.864 170.5 170.5 50.0 19.7 9.9
 (26.81 ±  (64.44 ±  (31.71 ±  (14.75 ±  (8.596 ±  (21.22 ±  (86.89 ±  (27.31 ±  (13.83 ±  (6.442 ± 
 18.02) 8.364) 8.02) 2.619) 1.259) 27.85) 33.84) 6.445) 2.567) 1.79)

TS - - - - - 0.0 - 3.0  0 - 3.0 0 - 3.0 0.0 - 3.0 0 - 3.0
      (1.959 ±   (1.742 ±  (2.088 ±  (1.884 ±   (2.051 ± 
      0.973) 0.965) 0.965) 0.999) 0.945)

CS - - - - - 0.0 - 4.0  0.0 - 2.0 0.0 - 2.0 0.0 - 3.0 0 - 4.0
      (0.983 ±   (0.710 ±   (0.882 ±  (1.242 ±  (0.912 ± 
      0.986) 0.783) 0.844) 0.953) 1.05)

DD, Years - - - - - 0.0 - 30.0  0.0 - 27.0 0.0 - 20.0 0.0 - 30.0 0 - 30
      (7.118 ±  (7.277 ±  (8.037 ±  (8.558 ±  (6.252 ± 
      6.511) 6.845) 5.802) 8.224) 5.539)

Data shown are frequencies (n/%), range and (mean ± SDM). H-, N-, Def- and V-Def = high, normal, deficient and very deficient 25-hydroxy-vitamin D levels.
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PARTICIPANTS  AND  METHODS 

Setting

The present case-control cross-sectional study was conducted at the 
College of Medicine, Jouf University and Prince Meteb General 
Hospital, Sakaka, Saudi Arabia in the period from November 1, 2016  
April 19, 2017. After securing the ethical clearance from both of 
Ministry of Health Directorate and Jouf University Bioethics 
Committees, we consecutively voluntarily and anonymously enrolled 
consented (written informed consent) socioeconomically and 

age-matching normal healthy participants (n = 126; Male/Female, 
70/55) and hospital-diagnosed T2DM patients (n = 290; Male/Female, 
132/158). Among all patients, only 16 patients showed HbA1c below 
the diagnostic > 48 mM/M (> 6.5%) level. Each of the two groups were 
subdivided according to plasma 25-OH-VitD levels as whole group, 
high (25-OH-VitD ≥ 50 ng/mL), normal (25-OH-VitD 20 - 50 ng/mL), 
deficient (25-OH-VitD 10 - < 20 ng/mL) and very deficient 
(25-OH-VitD < 10 ng/mL) subgroups, as the most clinically relevant 
classification. Participants had to stop taking supplements containing 
vitamin D a week from collection of fasting plasma. Collection period 
encompassed September to December. Patients with end-stage renal 
failure, chronic liver disease and failure, immobilization for any reason, 
hypo-/hyper-parathyroidism and thyroidism, on anti-convulsion drugs, 

Table 2. Correlation analysis for plasma 25-hydroxy-vitamin D level vs. characteristics and investigated parameters in the 
participating healthy controls and type 2 diabetic Saudi patients. 

 VitD Healthy Participants T2DM Patients

 All N H Def V-Def All N H Def V-Def

 0.185   0.290 0.618  -0.397
Age (0.05) ns ns (0.039) (0.05) ns (0.02) ns ns ns

 0.221 -0.373  0.388  -0.215
ABSI (0.05) (0.02) ns (0.05) ns (0.003) ns ns ns -0.294 (0.015)

  -0.242
BMI ns (0.05) ns ns ns ns ns ns ns ns

    0.464   -0.339
AIP ns ns ns (0.001) ns 0.109 (0.04) (0.05) 0.589 (0.001) 0.299 (0.034) ns

  -0.239
HOMA-IR ns (0.05) ns ns ns ns ns ns ns ns

      0.167
CRP ns ns ns ns ns (0.004) ns ns ns ns

TS NA NA NA NA NA ns ns ns 0.257(0.017) 0.250 (0.009)

CS NA NA NA NA NA ns ns ns ns ns

DD NA NA NA NA NA 0.147 -0404
      (0.01) (0.018) ns 0.205 (0.05) ns

Data shown are r and p < (value). NA = not applicable.

Table 3. Correlation analysis for insulin resistance vs. characteristics and investigated parameters in the partici-
pating healthy controls and type 2 diabetic Saudi patients. 

 IR Healthy Participants T2DM Patients

 All N H Def V-Def All N H Def V-Def

  0.292   -0.684
Age ns (0.025) ns ns (0.017) ns ns ns ns ns

  0.467    0.216  0.561 0.258
ABSI ns (0.006) ns ns ns (0.001) ns (0.026) (0.05) ns

 0.444 0.630 0.554 0.285  0.267 0.640  0.235 0.304
BMI (0.001) (0.001) (0.043) (0.04) ns (0.001) (0.001) ns (0.03) (0.001)

  0.244  0.249   0.413
AIP ns (0.05) ns (0.05) ns 0.179 (0.001) (0.015) ns 0.315 (0.002) ns

  -0.239
VitD ns (0.05) ns ns ns ns ns ns ns ns

 0.465 0.479 0.485 0.405  0.103 0.407
CRP (0.001) (0.001) (0.05) (0.002) ns (0.05) (0.017) ns ns ns

TS NA NA NA NA NA ns ns ns ns ns

 NA NA NA NA NA     -0.232
CS      ns ns ns ns (0.007)

 NA NA NA NA NA     -0.232
DD      ns ns ns ns (0.007)

Data shown are r and p < (value). NA = not applicable.
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acute infections, autoimmune diseases, congenital and hemolytic anemi-
as, pregnancy, malabsorption syndromes, active malignancy or with 
local or systemic inflammatory diseases were excluded.

Measurements 

Age- and gender-stratified body mass index (BMI; https://www.cdc.
gov/healthyweight/assessing/bmi/adult_bmi/metric_bmi_calculator/
bmi_calculator.html) and body shape index (ABSI; http://absi-calc.
appspot.com) were calculated. Triacylglycerols (TAGs), HDL-
cholesterol (HDL-C) and glucose were quantitatively assayed (Human, 
Gesellschaft fur Biochemica und Diagnostica mbH, Wiesbaden, 
Germany). ELISA kits were used to assay human insulin and CRP 
(Wuhan, Hubei , PRC; cat# CEA190Hu and SEA821Hu) and 

25-OH-VitD (25-OH-VitD2 + 25-OH-VitD3; Sunlong Biotech Co. Ltd, 
Zhejiang, PRC; Cat#SL1898Hu). The reliable atherogenic index of plas-
ma (AIP) was calculated [as Log (TG/HDL-C) in mM/L, where an AIP 
> 0.21 is a high-risk index] (http://www.biomed.cas.cz/fgu/aip/calcula-
tor.php). Insulin resistance was calculated by homeostatic model assess-
ment of insulin resistance [HOMA-IR; as glucose (mg/dL) x insulin 
(mIU/L)/405, where an HOMA-IR ≥ 2.9 is an established resistance] 
(http://www.thebloodcode.com/homa-HOMA-IR-calculator/). 
Investigations were also correlated to patient’s disease severity score 
(no complications = 0, one = 1, two = 2, three = 3, and, four complica-
tions or more = 4), and treatment score (no treatment = 0, Metformin = 
1, hypoglycemic/± = 2, and, insulin/± = 3).

Table 4. Correlation analysis for the plasma atherogenic index vs. characteristics and investigated parameters in 
the participating healthy controls and type 2 diabetic Saudi patients. 

 AIP Healthy Participants T2DM Patients

 All N H Def V-Def All N H Def V-Def

      0.131    0.260
Age ns ns ns ns ns (0.013) ns ns ns (0.002)

ABSI ns ns ns ns ns ns ns ns ns ns

  0.258     0.428  0.228 0.269
BMI ns (0.05) ns ns ns 0.261 (0.001) (0.013) ns (0.05) (0.002)

    0.464   -0.339 0.589
VitD  ns ns ns (0.001) ns 0.109 (0.04) (0.05) (0.001) 0.229 (0.034) ns

  0.244  0.249  0.179 0.413  0.315
HOMA-IR ns (0.05) ns (0.05) ns (0.001) (0.015) ns (0.002) ns

 0.465 0.281   0.893 0.137 0.442 0.512
CRP (0.001) (0.04) ns ns (0.012) (0.01) (0.009) (0.003) ns ns

 NA NA NA NA NA    0.236
TS      ns ns ns (0.022) ns

 NA NA NA NA NA    -0.247
CS      ns ns ns (0.016) ns

DD NA NA NA NA NA ns ns ns ns ns

Data shown are r and p < (value). NA = not applicable. 

Table 5. Correlation analysis for plasma C-reactive protein vs. characteristics and investigated parame-
ters in the participating healthy controls and type 2 diabetic Saudi patients. 

 CRP Healthy Participants T2DM Patients

 All N H Def V-Def All N H Def V-Def

     -0.624  0.371 -0.408
Age ns ns ns ns (0.034) ns (0.03) (0.023) ns ns

  0.427    -0.158    -0.219
ABSI ns (0.012) ns ns ns (0.014) ns ns ns (0.033)

 0.239     0.343  0.654  0.233 0.306
BMI (0.01) ns ns ns ns (0.001) (0.001) ns (0.03) (0.001)

 0.218 0.281   -0.893 0.137 0.442 0.512
AIP (0.03) (0.04) ns ns (0.012) (0.01) (0.05) (0.003) ns ns

      0.167
VitD ns ns ns ns ns (0.004) ns ns ns ns

  0.479 0.485 0.405  0.103 0.407
HOMA-IR ns (0.001) (0.05) (0.002) ns (0.05) (0.017) ns ns ns

 NA NA NA NA NA    -0.198
TS      ns ns ns (0.05) ns

 NA NA NA NA NA    -0.208
CS      ns ns ns (0.04) ns

 NA NA NA NA NA  0.426  -0.260
DD      ns (0.012) ns (0.011) ns

Data shown are r and p < (value). NA = not applicable. 
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Statistical Analysis 

Data are presented as n, range and mean ± SDM. Prism 7.03 
GraphPad (GraphPad Software, Inc., La Jolla, CA, USA) was used for 
the statistical analysis applying X2 and one-way ANOVA Multiple 
Comparisons. Correlation among parameters within groups was ana-
lyzed using Spearman's nonparametric correlation analysis. Significance 
limit was set at p value of ≤ 0.05 at a confidence of 95%. 

RESULTS

Among male patients, 68 cases (51.515%) suffered one or more 
complications constituting; 58 cases of diabetic ophthalmopathy, 49 
cases of neuropathy, 9 cases of kidney impairment, and 6 cases each of 
myocardial infarction and ketoacidosis. 80.882% of complicated male 
cases were 25-OH-VitD deficient or very deficient and the remaining 13 
cases included 7 with high level of 25-OH-VitD. Among the female 
patients, 97 cases (61.392%) were complicated among which 77 cases 
(79.381%) had deficient or very deficient 25-OH-VitD and the remain-
ing 20 cases included 6 cases showing high level of 25-OH-VitD. 
Female complications comprised 83 cases of diabetic neuropathy, 64 
cases of ophthalmopathy, 6 cases of kidney impairment and 3 cases of 
myocardial infarction. 

Along with the investigated parameters, Table 1 presents age, ABSI, 
BMI and plasma 25-OH-VitD-stratified subgrouping of healthy controls 
and T2DM patients. Using a normal cutoff value of ≥ 20 ng/mL for 
25-OH-VitD, 10% of patients showed high (half of them had toxic lev-
els > 80 ng/mL; n = 15), 10.345% showed normal, 32.759% showed 
deficient and 46.897% showed very deficient levels. And, using a nor-
mal cutoff value of ≥ 30 ng/mL for 25-OH-VitD, 86.552% of patients 
turned to be deficient/very deficient. ~50% of male and female patients 
with high levels were having complications. In comparison, 11.111% of 
healthy controls showed high (none of them were toxic), 38.095% 
showed normal (i.e., 3-folds higher than patients), 41.270% showed 
deficient (i.e., 1.25-folds higher than patients) and 9.524% showed very 
deficient levels of 25-OH-VitD (i.e., 5-folds lower than patients). Using 
a normal cutoff value of ≥ 30 ng/mL for 25-OH-VitD, 72.8% of healthy 
participants turned to be deficient/very deficient. Comparing these dis-
tributions among healthy controls vs. T2DM patients there was a very 
highly significant difference (X2 = 41.3; p < 0.001).

Because of the wide range of concentration distribution, comparing 
the whole groups and those with normal 25-OH-VitD levels in patients 
and healthy controls showed nonsignificant differences in plasma 
25-OH-VitD levels. However, the whole group of controls was signifi-
cantly different from each of the remaining patients' subgroups (high, 
deficient and very deficient in 25-OH-VitD; p < 0.001), and, controls 
with normal 25-OH-VitD level were also significantly different from the 
whole group of patients (p < 0.05), and from each of patients' subgroups 
(high, deficient and very deficient) in 25-OH-VitD (p < 0.001). 
Remaining respective patients' and controls' subgroups (high, normal 
deficient and very deficient) were non-significantly different. Within 
controls, the whole group was higher in 25-OH-VitD than those defi-
cient and very deficient in it (p < 0.001), those with normal 25-OH-VitD 
were significantly higher than each of the deficient and very deficient 
subgroups (p < 0.001), and off course those with high 25-OH-VitD were 
significantly higher than all subgroups (p < 0.001). Within patients, each 
of the whole group and those with normal 25-OH-VitD level were sig-
nificantly different from each of those deficient (p < 0.05) and very 
deficient (p < 0.001) in it, and, the high 25-OH-VitD subgroup was 
highly significantly higher than all of the others (p < 0.001).

ANOVA comparison of age among participants showed nonsignifi-
cant differences comparing the two whole groups and comparing the 
respective subgroups. However, 25-OH-VitD deficient healthy partici-
pants (p < 0.05) and patients (p < 0.01) were mildly significantly older 
than their normal 25-OH-VitD level counterparts. Comparison for ABSI 
within healthy controls revealed significantly lower ABSI comparing 
healthy controls with normal level of 25-OH-VitD vs. each of the whole 
group of healthy controls (p < 0.01), healthy controls deficient (p < 
0.001) and very deficient in 25-OH-VitD (p < 0.05), and comparing the 
whole group of healthy controls vs. the 25-OH-VitD deficient subgroup 
(p < 0.05). ABSI of the healthy controls with normal 25-OH-VitD levels 
was significantly lower than each of the whole group of diabetic 
patients (p < 0.001), patients with normal 25-OH-vitamin levels (p < 
0.05), and patients deficient (p < 0.01) and very deficient in 
25-OH-VitD (p < 0.001). Considering BMI, the whole healthy controls 

showed lower BMI than patients deficient in 25-OH-VitD (p < 0.05) and 
in healthy controls deficient in 25-OH-VitD compared to each of the 
whole group of patients (p < 0.05) and patients deficient in 25-OH-VitD 
(p < 0.01). 

Comparing AIP among healthy control subgroups showed nonsig-
nificant differences. Similarly, differences among patients’ subgroups 
were non-significant. Comparing the whole group of healthy controls or 
healthy controls with normal 25-OH-VitD level vs. each of the patients 
whole and subgroups showed highly significantly lower AIP (p < 
0.001). Likewise, comparing the remaining respective healthy control 
and patients’ subgroups was highly significantly different in AIP (p < 
0.001). HOMA-IR comparisons showed same pattern, being highly sig-
nificantly higher in patients’ subgroups compared to the whole group of 
healthy controls or healthy controls with normal 25-OH-VitD levels and 
as respective subgroups (p < 0.001 for all except for controls and 
patients with high level of 25-OH-VitD, p < 0.01) - without significant 
differences within the controls and patients. The same applies to CRP 
where the whole group of healthy controls and controls with normal 
25-OH-VitD levels were very highly significantly lower than all 
patients’ subgroups (p < 0.001). Within patients, there were nonsignifi-
cant differences in CRP. Within healthy controls, only those with very 
deficient levels of 25-OH-VitD had significantly higher CRP vs. each of 
the whole group (p < 0.05), those with normal levels (p < 0.01) and 
those with deficient levels (p < 0.01) of 25-OH-VitD.

Considering treatment score that reflects insulin usage amongst 
patients, it was highly significantly different comparing patients with 
high 25-OH-VitD to all the other subgroups (p < 0.001), and comparing 
each of the whole group and those with normal 25-OH-VitD level vs. 
each of those deficient (p < 0.05) and very deficient (p < 0.001) in 
25-OH-VitD. The same exact pattern of differences applies to the com-
plication score and disease duration amongst patients. 

Correlation analysis

The significant correlations of 25-OH-VitD level vs. the disease 
prognostic indices were negative in participants with normal 
25-OH-VitD levels, and positive in other subgroups (Detailed in Table 
2). 

Correlations of HOMA-IR were positive in all subgroups except for 
negative correlations vs. each of 25-OH-VitD in controls with normal 
25-OH-VitD levels and vs. age in control with very deficient levels of 
25-OH-VitD, and, vs. each of complication score and disease duration 
in patients with very deficient levels of 25-OH-VitD (Detailed in Table 
3). 

Similarly, AIP showed positive correlations except for negative cor-
relations vs. 25-OH-VitD level in patients with normal 25-OH-VitD 
level and vs. complication score in patients with deficient 25-OH-VitD 
level (Detailed in Table 4). 

Correlations with CRP were also positive with the exception of neg-
ative correlations vs. age and AIP in controls with very deficient levels 
of 25-OH-VitD and vs. ABSI in the whole group of patients and patients 
very deficient in 25-OH-VitD, age in patients with high 25-OH-VitD 
levels, and vs. each of disease duration and treatment and complication 
scores in patients with deficient levels of 25-OH-VitD (Detailed in 
Table 5).

Among the whole group of patients, treatment score correlated posi-
tively vs. each of age (r and p < ; 0.165/0.002), BMI (0.157/0.005), 
complication score (0.423/0.001) and disease duration (0.663/0.001), 
complication score correlated positively vs. each of age (0.446/0.001), 
ABSI (0.217/0.001), BMI (0.280/0.001), treatment score (0.423/0.001), 
and, disease duration (0.462/0.001), and disease duration correlated pos-
itively vs. each of age (0.437/0.001), ABSI (0.190/0.004) and BMI 
(0.133/0.015). Most of these correlations disappeared in patients with 
high plasma 25-OH-VitD levels. Complication and treatment scores and 
disease duration correlated very strongly amongst each other in all of 
the patients' subgroupings (0.663/0.001). 

DISCUSSION

We investigated the prevalence of vitamin D deficiency - measured 
as fasting plasma 25-OH-VitD, among healthy controls and T2DM 
inhabiting Sakaka, Al-Jouf, Saudi Arabia and correlated its level with 
prognostic and risk factors of the disease in patients. Like the global and 
national reports, we observed massive vitamin D deficiency amongst 
both groups, although they belonged to a largely agricultural population 
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and samples were collected at the most suitable season to harvest the 
cumulative effect of sun exposure. Several potential causes for vitamin 
D deficiency apply to our population that include dietary vitamin D sup-
ply, sun exposure, liver function, bioavailability, and, genetic compo-
nents13-15). On the contrary, hypervitaminosis D is rare, and is only seen 
after prolonged exposure to extremely high doses of vitamin D and in 
granulomatous diseases16). 

Using the clinically relevant ≥ 20 ng/mL cutoff value17,18), we report 
an intriguing wide-spread vitamin D deficiency in the targeted Al-Jouf 
community among both healthy controls (~50%) and T2DM patients 
(~80%; with very deficient majority). Nationally, in 2010, a report 
showing wide spread vitamin D deficiency in healthy participants was 
surprising19). In Saudi boys, vitamin D deficiency showed stronger sig-
nificant inverse associations with cardiometabolic indices, T2DM and 
abdominal obesity6). Only 1.2% of tested T2DM patients showed normal 
25-OH-VitD20). Vitamin D replacement therapy and increased sunlight 
exposure significantly improved 25-OH-VitD levels, serum insulin, 
HOMA-IR, HDL-C, glucose, LDL-C, total cholesterol and HOMA-β 
function in non-diabetic and diabetic subjects20-22). Studies from the cen-
tral and southern Saudi regions reported higher vitamin D deficiency 
(up to 98%); worse in nondiabetics12,23). These Saudi reports used a cut-
off value of < 30 ng/mL for vitamin insufficiency and did not pay much 
attention to season of sample collection. Studies on T2DM patients from 
Korea, Qatar, the Netherlands, Iran, Russia, UAE, and France detected 
vitamin D deficiency of varying severities24-29). Discrepancies could be 
ascribed at least in-part to differences in the cutoff level values applied 
along with inherent bias in settings used27-29). 

It has been suggested that insolation may be the major and accurate 
determinant of 25-OH-VitD level18). However, the sun exposure seems 
to play an inconsistent role. A persistent high rate of vitamin D deficien-
cy in T2DM patients despite the increase in insolation from winter to 
summer was reported in Germany 30). The higher reduction in 
25-OH-VitD levels in Brazilian T2DM patients did not correlate sun 
index15). In Russia, vitamin D deficiency negatively correlated with 
female gender, BMI, and waist circumference, and, positively with fish 
intake but not insolation28). Similarly, a French study showed that the 
reduced plasma 25-OH-VitD correlated with female gender, older age, 
obese/underweight, sampling time of the year (early spring), less physi-
cally activity, and reduced sun exposure29). In addition, ethnic variation 
is associated with vitamin D levels and diabetes risk31,32). However, 
national6) and international studies33) showed contrary increasing levels 
with age. Weight loss increases plasma 25-OH-VitD concentration in 
adults with prediabetes11,34,35). The low 25-OH-VitD levels in Italian pre-
diabetic and T2DM participants negatively correlated with age, BMI 
and HbA1c34). Studies on T2DM patients reported a strong inverse cor-
relation between hypovitaminosis D and each of macrovascular disease, 
age, smoking, HOMA-IR adjusted by age, BMI, eGFR and LDL-
C7,8,36,37). Fatness and fat distribution obscure vitamin D effects on glu-
cose homeostasis in cross-sectional studies38). However, there was a neg-
ative correlation between vitamin D and BMI without increases in risk 
of T2DM or cardiovascular disease among American male veterans 
during a 5-years follow-up study39). 

Low levels of vitamin D are associated with a pro-inflammatory 
state5,18). In our study, CRP was very significantly higher in the whole 
group of patients than healthy controls, in all patients' subgroupings vs. 
healthy controls with normal 25-OH-VitD levels, and in the respective 
patients vs. control subgroups. It correlated positively with most prog-
nostic indices and 25-OH-VitD levels did modify such association. 
Systemic chronic low-grade inflammation is implicated in the develop-
ment of metabolic diseases including obesity, insulin resistance, T2DM, 
and cardiovascular disease. However, correlating 25-OH-VitD with spe-
cific disease biomarkers and or risk factors showed clear discrepancy 
among the national and global reports. Our results showed significantly 
higher CRP levels in T2DM patients vs. controls correlating BMI, AIP, 
and IR in both, and with 25-OH-VitD in patients. Certain studies are 
supportive18) and others26,40) are not. Reportedly, 25-OH-VitD levels nega-
tively correlated with age, female gender, renal function impairment, 
TAGs, total cholesterol, total cholesterol/HDL-C ratio, diabetes/insulin 
resistance and serum TNF-α, IL-17, IL-13, and CRP levels18,26,41). 
Although calcitriol has an antiinflammtory effect, most of the clinical 
supplementation trials on obese vs. lean and T2DM subjects showed no 
effect on the inflammatory makers including CRP14). 25-OH-VitD level 
inversely correlated with TNF-α, serum hs-CRP did not have significant 
relationships with 25-OH-VitD in Iranian T2DM patients26). The lowest 
25-OH-VitD concentration in Turkish T2DM patients was most promi-
nent among patients with diabetic peripheral neuropathy, where it sig-
nificantly correlated higher proinflammatory blood IL-17 and IL-13 lev-
els41). A significant correlation between CRP and Von Willebrand factor 

levels was reported in 25-OH-VitD deficient T2DM patients on chronic 
hemodialysis42). There is no relationship between 25-OH-VitD and CRP 
in diabetics40).

In this study, AIP was very significantly higher in the whole group 
of patients compared with controls, in each patients’ subgrouping vs. 
healthy controls with normal 25-OH-VitD levels, and in the respective 
patients vs. control subgroups. This reflects atherogenic dyslipidemia. 
AIP levels correlated positively with most prognostic indices particular-
ly upon 25-OH-VitD deficiency. This is supported by studies from Iran 
and China43,44). Iranian diabetic patients with vitamin D deficiency 
showed greater serum levels of total cholesterol, triglycerides and LDL-
C, and, lower HDL-C43). Triglycerides, HbA1c and early-phase insulin 
secretion index independently associated with serum 25-OH-VitD3 in 
both diabetes patients and healthy controls44). Oxidative stress, total cho-
lesterol, and LDL (but not TAGs and HDL-C) were significantly higher 
in T2DM patients with the lowest vitamin D status45). 

HOMA-IR was significantly higher in the whole group of patients 
than healthy controls, in each patients’ subgrouping vs. healthy controls 
with normal 25-OH-VitD levels, and in the respective patients vs. con-
trol subgroups. HOMA-IR correlated positively with most prognostic 
indices and negatively with 25-OH-VitD levels. Reportedly, Chinese 
T2DM patients showed a negative correlation between 25-OH-VitD and 
HOMA-IR adjusted by age, BMI, and eGFR36). Newly diagnosed T2DM 
patients with low 25-OH-VitD3 showed positive correlation with ear-
ly-phase insulin secretion index and area under the insulin curve44). 
Vitamin D deficiency that increases the risk for T2DM and obesity cor-
related with male gender and BMI with high glucose level and reduced 
β-cell function in normoglycemic obese46). Insufficient/low 25-OH-VitD 
correlated with HOMA-IR index, HbA1c, fasting serum insulin, insulin 
resistance, and C-peptide47-50). In a cohort of nondiabetic adult Canadians 
and consistent with the sigmoidal threshold response characteristic typi-
cal of nutrients, the inverse association between each of insulin respon-
siveness and blood pressure vs. serum 25-OH-VitD was localized only 
to a range of ~16 - < 32 ng/mL6). Contrarily, other studies showed no 
association between low vitamin D levels and the risk of T2DM and 
glycemic control indices51-54). 

Calcitriol is not only a metabolic regulator through insulin secretion 
and action, but it also rejuvenilizes the whole-body cells through acti-
vating autophagy. The latter prevents hepatic steatosis of nonalcoholic 
fatty liver disease55). This may explain the high rates of complications in 
our patients. Diabetic neuropathy was most prevailing particularly 
among females followed by ophthalmopathy with higher rate among 
males. These results are supported by many others55-63), although not uni-
versally consistent3,64). Serum 25-OH-VitD concentration was lowest in 
diabetic patients with nephropathy53). Complication score worsens very 
significantly with increases in disease duration and treatment score (i.e., 
insulin usage). Treatment score correlated positively with each of AIP, 
and 25-OH-VitD and negatively vs. CRP. Disease duration correlated 
negatively with each of CRP and HOMA-IR. Treatment score, compli-
cation score, and disease duration were lowest among patients with high 
and deficient 25-OH-VitD levels compared to the other patients’ sub-
groups. Among T2DM patients with chronic kidney disease, vitamin D 
negatively correlated HbA1c and urine albumin-to-creatinine ratio63).

One of the potential limitations of the present study is the inability 
to dissect the association with disease complication as data were collect-
ed from charts rather than direct patients interview. This warrants spe-
cial future prospective studies. Assessment of the functional levels of 
25-OH-VitD as 1,25-diOH-VitD/25-OH-VitD ratio was not planned for. 
Dietary/supplementation, recall analysis, and lifestyle factors - particu-
larly rate of sun exposure, were not addressed in the present study; they 
are currently planned for. 

CONCLUSIONS

Treatment with insulin, longer disease duration, larger BMI and 
ABSI correlated positively with bad prognostic markers. Vitamin D 
deficiency, measured as fasting plasma 25-OH-VitD level, is wide-
spread in both healthy (~50%) and T2DM patients (~80%; with a very 
deficient majority) from Al-Jouf community. CRP, IR and AIP were 
highly significantly higher in patients than controls. Treatment score 
that reflects insulin usage amongst patients, was highly significantly dif-
ferent when comparing patients with high 25-OH-VitD vs. other sub-
groups. Similarly, the complication score and disease duration were sig-
nificantly different when comparing subjects with normal 25-OH-VitD 
level with each of the whole groups, those deficient and very deficient 
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in 25-OH-VitD levels. However, we could not ascribe the deficiency to 
a specific type of disease complication. Plasma 25-OH-VitD level nega-
tively correlated ABSI, positively correlated each of AIP, CRP and dis-
ease duration in the whole group of patients but only vs. treatment score 
in deficient and very deficient patients. As an integral part of a T2DM 
preventive strategy, regular vitamin D supplementation and/or food for-
tification is mandatory. In addition, effective preventive and therapeutic 
strategies to combat vitamin D deficiency in the whole population need 
to be encouraged. 
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