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Abstract  
Introduction: Type 2 diabetes mellitus (T2DM) is a multifaceted metabolic syndrome 

characterized via insulin resistance (IR), impairment of beta-cell function and perturbed 

immune function. Complex interrelation of several genetic and environmental risk factors 

develops this ailment. Recent emerging evidences have pointed out that vitamin D 

deficiency (hypovitaminosis D) and vitamin D related polymorphic genes has substantial 

contribution in the etiology of T2DM, one such gene is VDBP gene. Vitamin D deficiency 

and T2DM are endemic throughout the world and both are commonly observed together. 

Pakistan is a tropical region and receives abundant sunlight throughout the year. Despite 

this, long term vitamin D deficiency is widespread in this populace. The genesis and 

epidemiology of this deficiency in the population require awareness, in particular to non-

insulin diabetes mellitus. Our research focused on two parameters of this problem i.e., 

nutrition and genetic aspects of vitamin D deficiency in patients suffering from T2DM. In 

a representative Pakistani population, a case-control study was conducted to answer a 

multitude of questions concerning hypovitaminosis D and VDBP gene variants in T2DM 

cases and normal subjects. Study objectives involved: our first objective included 

estimation of extent of vitamin D deficiency as well as  interrelation with T2DM; our 

second objective involved determination of frequency distributions of VDBP gene variants 

(rs7041 and rs4588) and their association with T2DM; our third objective was to 

investigate the  interrelation between VDBP(GC) gene variants and glycemic indices and; 

our fourth objective included evaluation of VDBP expression in patients suffering with 

T2DM and its comparison to non-diabetic normal subjects. 

Methodology: A case-control approach was incorporated comprising of 165 T2DM and 

165 age and gender-matched healthy controls satisfying the inclusion criteria. A pre-coded 

structured questionnaire was applied to determine demographic features. Blood sample 

was obtained and assessed for 25(OH)D, PTH, Calcium, ALP, Phosphate, Albumin, ALT, 

creatinine, lipid profile, FPG and fasting insulin. DNA was extracted and VDBP[GC] gene 

variants (rs7041 and rs4588) were detected by PCR-RFLP technique. 2-Dimensional Gel 

Electrophoresis (2-DE) was performed to evaluate VDBP expression which was validated 

by western blotting. In silico protein-protein interaction (PPI) analysis of VDBP was 

performed using String database to identify VDBP interacting proteins. Mean 25-OH-D3 
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levels were equated amongst T2DM patients and healthy controls via independent-samples 

t-test. Proportions of hypovitaminosis D were compared between patients with poor 

glycemic control and good glycemic control via Chi-Square test. Interrelation of 25-OH-

D3 concentrations with FBG as well as RBG was examined using Pearson’s correlation 

analysis. Association between monthly house hold income (MMHI) and poor glycemic 

control with hypovitaminosis D was estimated using binomial logistic regression analysis. 

Effect of statin usage on 25-OH-D3 extents was assessed using multiple liner regression 

analysis. Mean 25(OH)D levels across VDBP genotypes and diplotypes were assessed 

using One-Way ANOVA. Association of VDBP gene variants with T2DM was determined 

using conditional logistic regression analysis. VDBP gene variants were assessed across 

glycemic indices (FPG, RBG, HbA1C, insulin, HOMA-IR) via One-Way ANOVA. Mean 

normalized volume of VDBP spots and intensities of VDBP band were equated by means 

of independent-samples t-test. 

Results: Immensely prevalent vitamin D deficiency was detected in study population 

(61.2%), more than half of T2DM patients (52.7%) and healthy controls (69.7%) were 

vitamin D deficient and thus, no relationship could have been established with T2DM. 

Mean levels of 25-OH-D3 were substantially varied across MMHI groups (p<0.013) in 

healthy controls. Moreover, 2.24 folds higher risk of hypovitaminosis D was identified in 

normal subjects with MMHI <50,000 PKR. Sedentary life style and smoking emerged as 

significant predictor of sub-optimal vitamin D levels in patients of T2DM. FBG (r = - 

0.137, p = 0.15), RBG (r = - 0.238, p = 0.025) and HbA1C (r = -0.203; p = 0.016) were 

negatively interrelated with vitamin D levels in T2DM patients. Poor glycemic controlled 

T2DM patients were having 4-folds higher odds of vitamin D deficiency. Use of statins 

was lacking any relationship with vitamin D levels in T2DM patients (p>0.05). Mean 

vitamin D levels in GC 1-1 genotype carrying individuals were highest, GC 1-2 genotype 

had intermediate range, GC 2-2 genotype carriers were having lowest levels and were not 

linked with 25-OH-D3 levels and VDBP variants both in T2DM cases and healthy controls. 

Higher prevalence’s of GC 1-2 genotype and GC 1s-2 diplotype were detected in T2DM 

patients than healthy subjects. GC 1-2 genotype carriers were represented with 3-fold 

increased odds of developing T2DM. There was lack of an association between VDBP 

genotypes and diplotypes with glycemic indices in T2DM patients and healthy controls. 
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VDBP expression was substantially upregulated in T2DM patients (Fold change >1.7, 

*p<0.05).  

Conclusion: Hypovitaminosis D is widespread in a Pakistani population. Correlation of 

vitamin D deficiency with glycemic indices (FBG, RBG and HbA1C) reflects substantial 

contribution of vitamin D in regulating glucose-homeostatis related mechanisms in T2DM 

cases. Our facts suggest that lifelong sub-optimal levels of vitamin D in VDBP variants 

allele carriers make them more susceptible to classical risk factors of T2DM. Altered 

expression of VDBP in T2DM patients indicates that 25(OH)D, 1,25(OH)D and VDBP 

ought to be measured concomitantly to evaluate functional vitamin D status. We suggest 

that intake of vitamin D3 supplements, prolonged exposure of skin to sunbeams and 

ingestion of vitamin D rich diets would be highly beneficial in correcting widespread 

vitamin D deficiency which in turn will restore mechanistic effects of vitamin D in glucose 

homeostatis.  
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1. INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a major public well-being concern equally for 

developed and underdeveloped nations. T2DM is characterized by three predominant 

pathophysiological features including: insulin resistance (IR), impairment of β-cell 

function and perturbed immune function (DeFronzo, Bonadonna, and Ferrannini 1992). 

Several modifiable factors have been linked with the risk of developing T2DM such as 

sedentary life style, smoking, and poor diet (Jeon et al. 2007, Kirii et al. 2009, Willi et al. 

2007). Recent emerging evidences have shown that hypovitaminosis D and genetic 

polymorphisms in vitamin D pathway related genes has substantial risk factors for T2DM; 

one such gene is VDBP gene (Wang et al. 2014). Vitamin D deficiency and T2DM are 

endemic worldwide and both commonly observed together. Pakistan is also facing high 

prevalence of both T2DM and hypovitaminosis D(Meo et al. 2016, Mehboobali, Iqbal, and 

Iqbal 2015). Over the past decade, interrelationship of hypovitaminosis D with T2DM has 

been extensively investigated. Animal studies provides evidences supporting the 

mechanistic impact of vitamin D in diminishing insulin resistance via both direct as well 

as indirect mechanisms, improving insulin secretion as well as decreasing systemic 

inflammation (Lips et al. 2017). Several cross-sectional reports showed a negative 

relationship amongst vitamin D deficiency and T2DM and related attributes(Scragg, 

Sowers, and Bell 2004, Reis et al. 2007). However, some of the reports failed to provide 

any evidence of association(Sheth et al. 2015b, Gunawardane et al. 2015). Conversely, data 

from longitudinal reports have demonstrated that sub-optimal vitamin D levels are linked 

with intensified chances of emergence of T2DM in several populations(Grimnes et al. 

2010). Moreover, Considering the impotency of observational studies in establishing a 

cause-effect relationship, several randomized clinical trials have also been carried, though, 

results are inconsistent and inconclusive (Jorde and Figenschau 2009, Jehle et al. 2014).  

Some additional aspects of vitamin D metabolism with respect to T2DM have been studied 

in recent years. Concerning vitamin D metabolism, when vitamin D enters the circulation 

either synthesized cutaneously through sunlight or obtained from diet or vitamin D 

supplements, it must bind to vitamin D binding protein (VDBP) to endure two essential 
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hydroxylation reactions to become bio-activated hormone [1,25(OH)2D3] via 25-

hydroxylase in addition to 1-α-OHase enzyme, respectively (Cheng et al. 2004). The prime 

hydroxylation reaction occurs in liver whereas the subsequent hydroxylation reaction 

occurs in renal as well in non-renal tissues including pancreatic β-cell (Norman 2008a). 

VDBP bound bio-activated vitamin D after reaching to the target cell, interrelate with 

vitamin D receptor (VDR) and induce heterodimerization formation with retinoid-X-

receptor (RXR) which then after interaction to vitamin D response element (VDRE)  

capable of serving as a transcriptional factor for activation of several genes including 

insulin receptor gene (Chun, Adams, and Hewison 2008). Pancreatic β-cell, adipose tissues 

and skeletal muscle cells possesses VDR which explains the mechanistic contribution of 

vitamin D in glucose homeostatis related regulatory mechanisms (Norman 2008a, Van 

Belle, Gysemans, and Mathieu 2013).  

One of the crucial constituent of vitamin D pathway; VDBP is a multifunctional, highly 

polymorphic plasma protein encoded by VDBP gene also known as GC gene. The prime 

responsibility of VDBP is to bind with 85-95% of vitamin D and its metabolites, remaining 

15% binds with albumin whereas a very small fraction <0.1 % exists as unbound form. 

Conferring free hormone hypothesis, only albumin linked or unbound fraction of vitamin 

D can induce biotic response (Chun et al. 2014). Literature supports the contribution of two 

GC gene variants (rs7041 in addition to  rs4588) for determining of individual’s vitamin D 

status (Lauridsen, Vestergaard, and Nexo 2001); though, comparable studies have yet to 

be pursued in T2DM. These two variations occur at position 432 and 436 in GC gene. In 

rs7041 polymorphism, T-to-G transversion occur which result in an Aspartic acid (GAT) 

substitution to a Glutamic acid (GAG) at position 432. However, in case of rs4588 

polymorphism, C-to-A transversion in threonine (ACG) replaces it to lysine (AAG) at 

position 436.The combination of these two variants give rise to three phenotypic forms of 

vitamin D: (1) GC 1f; (2) GC 1S and; (3) GC 2. These two variants differ with respect to 

their sequestering capability for vitamin D and related compounds, as well their 

concentration in plasma. GC 1f has the highest, GC 1s has intermediate while GC 2 has 

lowest binding affinity with vitamin D and thus, may influence free fraction of 25(OH)D. 

Therefore, GC 1f carriers has lowest whereas GC 2 carriers have highest concentrations of 

vitamin D in its free form (Arnaud and Constans 1993). 
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Considering the mechanistic contribution of vitamin D in glucose-homeostasis related 

attributes and influence of GC gene variants on vitamin D levels, plausible association of 

GC gene variants with T2DM have been studied during past years. In some of the studies, 

VDBP variants were found to be associated with T2DM (Hirai et al. 2000b), while in others 

no relationship was found(Klupa et al. 1999). Moreover, literature supports interrelation of 

VDBP variants  with insulin resistance, FPG, insulin as well as glucose tolerance (Hirai et 

al. 1998a, Hirai et al. 2000b, Szathmary 1987). Recently in a meta-analysis, comprising of 

six studies, VDBP variants were linked with increased susceptibility of developing T2DM, 

particularly in South Asians (Wang et al. 2014). However, the data concerning association 

between VDBP variants and T2DM and influence of these variants on vitamin D levels is 

limited and needs urgent attention, particularly in South Asians. 

Recent emerging evidences have shown that different pathological and physiological 

conditions can vary VDBP concentrations which might be affecting the circulatory extents 

of  vitamin D related metabolites (Yousefzadeh, Shapses, and Wang 2014). Thus, 

considering the impact of VDBP in vitamin D pathway, a few studies evaluating the 

expression of VDBP found increased VDBP expression in diabetic rat serum(Chou et al. 

2015), microalbuminuric T2DM patients (Cho et al. 2007), and even declared VDBP as a 

biomarker for diabetic nephropathy(Fawzy and Abu AlSel 2018). Increased VDBP 

expression in T2DM patients infers the binding of majority of 25(OH)D to VDBP which 

may consequently decrease the quantities of bio-activated vitamin D as only the free type 

of vitamin D is biologically active. However, data is limited and needs further urgent 

investigations in this region. Given these gaps in the literature, the aims of the current study 

included determination of :  (1) vitamin D deficiency in a representative T2DM population; 

(2) influence of GC gene variants on T2DM; (3) impact of GC gene variants on 25-OH-D3 

extents and glycemic indices; (4) expression of VDBP in T2DM patients.  
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1.1 Literature Review  

1.1.1 Prevalence of Type 2 Diabetes Mellitus 

The pervasiveness of diabetes mellitus is at disturbing pace both in developed and 

developing countries. According to international diabetes federation (IDF), 8.8% of global 

adult population of 20-79 years is suffering with diabetes; predominantly with type 2 

diabetes mellitus (T2DM). Approximately 80% cases of T2DM live in low & middle-

income countries. Pakistan, a lower middle-income country, endured the burden of more 

than 7.5 million cases of diabetes in 2017 (6.9% prevalence rate) & ranked 10th among 

countries with highest prevalence of diabetes. T2DM is endemic in all provinces of 

Pakistan. Mean prevalence is 13.9% in Sindh , 11 % in Punjab, 10.4% in Khyber 

Pakhtunkhwa (KPK) and 11.1% in Baluchistan (Meo et al. 2016) . Furthermore, it is 

expected that if this continues, Pakistan would rank 8th by 2045 (IDF atlas, 8th Edition). 

  

Figure 1. Top-ten countries for number of individuals with diabetes (20-79 years), 

2017 & 2045. (IDF Atlas, 8th Edition) 
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1.1.2 Prevalence of vitamin-D deficiency  

 

Vitamin D deficiency (acknowledged as hypovitaminosis D as well) is also considered as 

global healthiness issue. Almost 1 billion people across the globe are suffering from 

vitamin D deficiency or insufficiency (Holick 2011). Although, endemic among all 

ethnicities, age groups , regions but predominant in dark skinned individuals , elderly 

people, children as well as adults residing in  U.S.A, Middle East , India , Pakistan , 

Australia and South Asia (Holick 2007, Holick and Chen 2008, Khan et al. 2012). 

Proportions of hypovitaminosis D are exceptionally high in Pakistan. Up until now, 

approximately 90 % of healthy volunteers (Mansoor et al. 2010), 92% ambulatory health 

care patients (Zuberi et al. 2008), 90.1 % of community based population (Khan et al. 

2012), 72% pregnant females, 88% neonates (Karim, Nusrat, and Aziz 2011), 82.8% young 

pre-menopausal women (Dar et al. 2012), 75.6% post-menopausal rural women (Lowe et 

al. 2011), 66.1% of subjects visiting the clinical laboratory for vitamin D testing due to 

different health conditions have been found vitamin D deficient (Hassan et al. 2015).  

                                                                                                                                  

 

Figure 2. Worldwide vitamin D concentrations in adults > 18 years of age, 

calculated during winters. Adapted from: (Wahl et al. 2012) 



 

6 
 

 

1.2 Vitamin D  

Vitamin-D similarly acknowledged as the “sun-vitamin” or “sun-hormone” is a steroid 

molecule produced cutaneously via solar irradiation (Holick et al. 1980). Vitamin D is 

lipophilic in nature and requires carrier proteins to be transported across blood stream 

(Kono and Arai 2015). 25(OH)D is biologically inert whereas 1,25(OH)2D3 possesses 

biological activity and known as hormonal group of vitamin D. Bio-activated vitamin-D 

[1, 25(OH)2D3] is capable of interacting with vitamin-D receptor (VDR) and regulate 

activation of transcriptional activity for  >200 genes and modulates several physiological 

processes (Pike and Meyer 2010).  

1.3 Sources of vitamin-D  

Vitamin-D exist in two forms i.e. D2 (Plants & Fungi) and D3 (animal), obtained from 

three main sources including: (1) sunlight (2) dietary sources, and (3) vitamin D 

supplements. Among all, sunlight is the utmost endogenous wellspring of vitamin D (in 

both plants & animals) (Rajakumar et al. 2007). In animals during sunlight exposure, UVB 

rays penetrates through the skin and induce modification of provitamin-D3 (7-

dehydrocholestrol) to pre-vitamin-D3 which  is heat sensitive  and readily transformed into 

vitamin-D3 (recognized as cholecalciferol) through a heat dependent process (Holick, 

MacLaughlin, and Doppelt 1981). Interestingly, in the presence of enough bio-activated 

vitamin-D [1,25(OH)2D3] , both pre-vitamin-D3 and vitamin-D3 are thermally modified 

into additional photocompounds including lumisterol, tachysterol, suprasterols, and 

toxisterols to safeguard against vitamin-D intoxication owing to exorbitant sun exposure 

(Loomis 1967).   

The sunlight-induced photochemical conversion process is similar in plants and fungi with 

an exception that the penetrated UVB rays transform provitamin D2 or ergosterol to 

vitamin D2 or ergocalciferol (Holick 2004). Once synthesized, vitamin D2/D3 is evicted 

into extracellular space from where it is captured by a explicit transporter protein 

recognized as vitamin-D-binding protein (VDBP) to enter into blood circulation (Haddad 

et al. 1993).  
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1.4 Vitamin D metabolism  

 
 

 1.4.1 Bioactivation of vitamin D-Endocrine Pathway 

 

After entering into circulation from any of the above mentioned source, vitamin D3 must 

undergo two essential hydroxylation steps to become biologically active hormone via 

autocrine pathway or the endocrine pathway (Bikle 2009, Heaney 2008). In endocrine 

pathway, primary hydroxylation reaction takes place in renal tissues (kidney) where 25-

hydroxylase enzyme (presumably CYP2R1) modifies vitamin-D3 (cholecalciferol) to 25-

hydroxyvitamin D [25(OH)] (Cheng et al. 2004, Strushkevich et al. 2008).  

 

The subsequent hydroxylation step occurs in renal tissues where megalin along with 

cubulin and disabled-2 (DAB2) endocytosed the VDBP-25(OH)D complex in kidney’s 

proximal tubular cells (Nykjaer et al. 1999, Nykjaer et al. 2001). Herein,  25(OH)D 

converted into two different forms via two different hydroxylation enzymes;  i) an active 

form: 1,25(OH)2D3 (calcitriol) via 25-hydroxyvitamin D-1αhydroxylase (CYP27B1 or 1-

α-OHase) and ii) an inactive form: 24,25(OH)2D via 24-hydroxylase (Chun 2012, 

Zittermann and Gummert 2010) 

 

The prime task of  1,25(OH)2D3  that is formed in kidneys is to sustain dietary calcium 

and phosphorus metabolism (Holick 2011). Even if serum levels of 25(OH)D are low, 1, 

25(OH)2D3 levels can be sustained within normal limits as production of renal 25(OH)D-

1-α-OHase is strongly controlled via PTH, calcium as well as via feed-back inhibition 

mechanism from 1,25(OH)2D3 (Peterlik and Cross 2009).  

 

Although 1,25(OH)2D3 possesses biological activity, 25(OH)D is perceived as a biological 

marker for assessment of individual vitamin D status. The reasons are: (1) 25(OH)D is the 

predominant circulating form of vitamin-D having a half-life of approximately 3-4 weeks, 

compared to 4-6 hours half-life of 1,25(OH)2D3; (2) 25(OH)D is the summative type of 

vitamin D, endogenously synthesized through sunlight as well as obtained from diet; (3) 
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As a patient acquires sub-optimal vitamin D state, concomitant deterioration in calcium 

absorption occurs followed by rapid decrease in ionized calcium. This alteration in calcium 

levels is detected by sensors of calcium in the parathyroid gland which in turn increase the 

PTH production. Consequently, PTH maintains calcium concentrations via increasing the 

tubular resorption of calcium in the kidney, enhancing the calcium’s mobility from bones 

and via augmenting the 1,25(OH)2D3 production. Consequently, even if 25-OH-D3 levels 

are in a state of scarcity in patients, 1,25(OH)2D3 levels will remain within normal limits 

due to augmentation of PTH. Therefore, vitamin D status could not be define accurately 

via utilizing 1,25(OH)2D3 solely as a biological marker (Holick 2009).  

     

Figure 3. Vitamin D Bioactivation-Endocrine pathway: Vitamin D3 synthesized via 

sunlight exposure or received through diet or vitamin D2/D3 supplements will undergo 

hydroxylation reaction twice, once in hepatic tissues and then in renal tissues (kidney) to 

acquire bio-activated hormonal form, 1,25(OH)2D3. Adapted from: (Deeb, Trump, and 

Johnson 2007) 
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1.4.2 Bioactivation of vitamin D-Autocrine Pathway  

 

In autocrine pathway, the hydroxylation reactions are identical but the location for the final 

hydroxylation step is different. Like the endocrine pathway, 1st hydroxylation reaction 

takes place in liver where VDBP carried vitamin D3 converted into 25(OH)D by hepatic 

hydroxylases. However, the second hydroxylation reaction takes place in non-renal tissues 

where 25(OH)D acquires its bio-activated hormonal form via locally produced 1-alpha-

hydroxylase (1-α-OHase) enzyme. Until now, about 10 non-renal 1-α-OHase producing 

sites have been identified in humans including : colon, endothelial cells ,dendritic cells, 

mammary cells in breast, brain, pancreatic islets, parathyroid glands, keratinocytes, 

prostate and placenta (Norman 2008b, Henry 2011). After reaching the target tissue, 

VDBP-25(OH)D complex internalize into the target cell via both megalin-dependent and 

megalin-independent mechanisms and acquire its active hormonal form  (Esteban et al. 

1992). 1, 25(OH)2D3 produced via endocrine pathway can exert its effects on a wide 

variety of tissues.  

 

Contrary to endocrine pathway, if 25(OH)D concentrations are sub-optimal, 1, 25(OH)2D3 

production would be attenuated in non-renal tissues because non-renal 25(OH)D-1-α-

OHase has insensitivity for PTH and extracellular calcium concentrations and depends 

solely on 25(OH)D levels (Peterlik and Cross 2009).Therefore, we can propose that due to 

low 1, 25(OH)2D3  levels , non-renal effects of vitamin D would be hampered for instance 

cellular growth , cell differentiation and immunomodulatory mechanisms. This is the 

possible reason why low quantities of 25-hyroxyvitamin D [25(OH)D] are linked with a 

multitude of chronic, inflammatory, autoimmune as well as metabolic disorders (Peterlik 

and Cross 2005). 
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Figure 4. Vitamin D Bioactivation-Autocrine pathway: Formerly it was believed that 

kidney was the only site where second hydroxylation reaction for bioactivation of vitamin 

D3 took place, however numerous non-renal tissues and cells have been identified now. 

Modified from (Hollis and Wagner 2006) 

 

1.4.3 Mechanistic effects of vitamin-D  

 

Vitamin-D exhibits both genomic (nuclear) and non-genomic (cell membrane) effects 

(Haussler et al. 2011). Similar to steroid hormones, biological impacts of 1,25(OH)2D3 is 

exerted via: (1) regulation of gene transcription ; and (2) activation of diversified signal 

transduction pathways at or close to plasma membrane (Norman 2008a) For the genomic 

response, 1,25(OH)2D3 activates vitamin D receptor (VDR) which then induce 

heterodimer formation between VDR-retenoid-X receptor capable of interacting to vitamin 

D response elements (VDRE ) in the promoter region of destined genes thereby activating 

or suppressing the target gene (Chun, Adams, and Hewison 2008). To exert its renal effect, 
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1, 25(OH)2D3 primarily target VDRs in enterocytes of small intestine , osteoblasts, and 

distal renal tubule cells (Stumpf et al. 1979) and controls calcium homeostatis, 

differentiates bone cells as well as modulation of immune responses (Hewison et al. 2000) 

. Interestingly, VDRs are present in ≥ 36 distinct tissue types and can modulate the 

expression of multitude of genes responsible for maintaining cellular growth, immune 

functions  and inflammatory processes (Norman 2008a).  

1.5 Classification of vitamin D status 

 

 

Clinically, 25-OH-D3 is considered as a biological marker to define vitamin D status. 

However, 25-OH-D3 levels to be classified as deficient, insufficient or sufficient still 

lacking a consensus. Institute of Medicine (IOM) guidelines defines blood concentration 

of 25(OH) D <12 ng/ml (<30 nmol/L) as hypovitaminosis D, levels between 12-20 ng/ml 

(30–50 nmol/L) as inadequacy, levels above 20 ng/ml (≥50 nmol/L) as sufficiency whereas 

25-OH-D3 higher than 50ng/ml (>125 nmol/L) as toxicity. contrarily, Endocrine Society’s 

Guidelines defines vitamin D status: 25(OH)D concentrations <20 ng/ml (< 50 nmol/L) as 

deficient state, concentrations ranging 20-29 ng/ml (50-72 nmol/L) as insufficiency and 

quantities >30 ng/ml (>75 nmol/L) as sufficient state. However, Endocrine society’s 

guidelines have not defined an upper limit for vitamin D levels to be considered as a cause 

of concern (Mitri and Pittas 2014). 

Table 2: Categorization of vitamin D state; IOM and Endocrine society’s guidelines 

 

 

 

 

 

                                                                                                                                                                                                                                                                   

Cut-off (ng/ml) Institute of Medicine (IOM) Endocrine Society 

<12  Deficiency Deficiency 

12-19 Insufficiency Deficiency 

20-29 Sufficiency Inadequacy 

30-49 Sufficiency Sufficiency 

>50 Intoxication Sufficiency 
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1.5.1 Factors influencing vitamin D concentrations 

vitamin D concentrations can be altered by several factors, particularly influencing 

cutaneous synthesis including:  

a) Skin pigmentation: dark skinned individuals require far more UVB exposure 

to endogenously synthesize vitamin D compared to those with light skin as 

increased melanin in their skin inhibits vitamin synthesis (Clemens et al. 1982). 

b) Latitude: due to sun’s Zenith angle, UVB rays at latitude above 35N° are 

weaker and prevents the cutaneous alteration of provitamin-D3 [7-

dehydrocholesterol (7-DHC)] to pre-vitamin-D3, and thus reduces vitamin D 

levels in circulation (Webb, Kline, and Holick 1988). 

c) Extensive use of sunscreen: use of sunscreen affects vitamin D synthesis by 

blocking UVB rays. Moreover, a sunscreen having a sunscreen protection factor 

(SPF) of 8 suppresses the cutaneous synthesis of vitamin D up to 95% (Holick 

2007). 

d) Increased Age: with advancing age, the tendency of the skin to synthesize 

vitamin D decreases, specifically in individuals above 70 years of age 

(MacLaughlin and Holick 1985). 

e) Sociodemographic factors: certain socio-demographic factors such as socio-

economic status, life style factors influencing vitamin D extents (Jaaskelainen 

et al. 2013, Johnson, Johnson, et al. 1994). 

f) Excessive Weight: obese persons have lower vitamin D concentrations due to 

deposition of vitamin D in fatty tissues (Blum et al. 2008, Mawer et al. 1972). 

g) Low vitamin D intake : low dietary intake particularly affects individuals living 

in regions where UVB rays are not constant throughout the year (Rucker et al. 

2002, Webb, Kline, and Holick 1988, Vieth et al. 2001) 

h) Malabsorption disorders: certain pathological conditions for instance celiac 

disease, Crohn’s disease and cystic fibrosis prevents absorption of vitamin D 

(Lo et al. 1985) 

i) Uremia and liver disease: vitamin D metabolism is affected by certain 

disorders of kidney and liver (Holick 2007) 
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j) Use of medicines: use of certain drugs such as anticonvulsants, anti-rejection 

medications and corticosteroids interferes with vitamin D metabolism and thus 

affects its availability (Holick 2007, Zhou et al. 2006) 

1.6 T2DM and biological functions of vitamin D 

 

Type 2 diabetes mellitus (T2DM) recognized via insulin resistance, impaired β-cell 

function as well as perturbed immune function is a multifaceted metabolic disorder. 

Complex interplay of several genetic as well as environmental risk factors develops this 

ailment (DeFronzo, Bonadonna, and Ferrannini 1992, Franks, Pearson, and Florez 2013). 

Hypovitaminosis D is perceived as an environmental risk factors contributing substantially 

to the growing epidemic of T2DM (Palomer et al. 2008). Moreover, scientific evidences 

suggest that vitamin D improves T2DM-related impairments such as insulin resistance, 

insulin sensitivity and systemic inflammation which shows that vitamin D in subnormal 

state might be a cause of concern for T2DM (Mitri and Pittas 2014). 

1.6.1 Mechanistic effects of vitamin-D on insulin resistance  

 

Vitamin D performs an imperative physiological function in synthesis of insulin, survival 

of β-cell and flux of calcium within pancreatic β-cell. Based on experimental studies, it has 

been evidenced that hypovitaminosis D impairs release of insulin in rat pancreatic β-cell 

(Norman et al. 1980, Chertow et al. 1983, Kadowaki and Norman 1984a, Tanaka et al. 

1984, Cade and Norman 1986) while vitamin D replenishment repairs this defect (Norman 

et al. 1980, Tanaka et al. 1984, Cade and Norman 1986, Bourlon, Faure-Dussert, and 

Billaudel 1999, Cade and Norman 1987, Clark, Stumpf, and Sar 1981). 

 β-cell express both VDRs (cytosolic /nuclear & membrane VDR) as well as 1-α-

hydroxylase enzyme which explains presumably direct influence of vitamin D on β-cell 

functions. Moreover, mice devoid of functional VDR exhibits insulin release impairments 

in lieu of glucose load due to reduce synthesis of insulin by β-cell ensuing in deterioration 

of stored insulin levels (Zeitz et al. 2003). 
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 In addition, vitamin D mechanistically regulate extrinsic ca+ concentration as well as its 

influx across β-cell (Sergeev and Rhoten 1995). Release of insulin is a ca+  reliant process 

(Milner and Hales 1967)  and altered calcium concentrations could affect insulin release 

(Yasuda et al. 1975, Gedik and Zileli 1977, Milner and Hales 1967, Fujita et al. 1978). 

Furthermore, vitamin-D modulate the role of a pancreatic protein known as cytosolic 

calcium binding protein: Calbindin or Calbindin-D28K (Johnson, Grande, et al. 1994, 

Kadowaki and Norman 1984b). The predominant function of 1,25-dihydroxyvitamin D3-

dependent Calbindin is to regulate depolarization potentiated insulin release via mediating 

the intracellular ca+ concentration  (Sooy et al. 1999). 

 

 

Figure 5. Effect of vitamin D on T2DM related pathophysiology. Adapted from: 

(Van Belle, Gysemans, and Mathieu 2013) 

1.6.2 Mechanistic effect of Vitamin D and Insulin sensitivity 

There seems to be numerous ways by which vitamin D could influence insulin sensitivity. 

(1): 1, 25(OH)2D3 could mechanistically increase insulin receptors expression via direct 

interaction with VDR in β-cell. Herein , VDR forms a heterodimer complex with retenoid 

X receptor (RXR)  and bind to vitamin D response element (VDRE) in human insulin 

receptor (hIR) gene promoter .This complex in turn stimulate transcriptional activation of 

human insulin receptor gene and thus augment insulin sensitivity  (Leal et al. 1995, Maestro 
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et al. 2000, Maestro et al. 2002, Maestro et al. 2003); (2) 1,25(OH)2D3 can also stimulate 

insulin sensitivity via serving as a ligand for peroxisome proliferator-activated receptor 

delta ( PPARγ ). PPARγ pertain to nuclear receptor family, and primarily regulate fatty 

acid metabolism in insulin responsive tissue (Dunlop et al. 2005); (3) 1,25(OH)2D3 exerts 

its effect on insulin sensitivity via controlling extrinsic calcium levels and flux across 

plasma membranes. Insulin-sensitive tissues (skeletal muscles and adipose tissues) 

critically requires ca+ concentrations within narrow limits to execute various intracellular 

mechanisms via insulin. (Ojuka 2004, Draznin et al. 1987, Wright et al. 2004). Alteration 

in concentrations of intracellular calcium in peripheral tissues might induce insulin 

resistance due to decreased insulin signal transduction causing reduction in activity of 

glucose transporters (GLUT)(Zemel 1998). Vitamin-D deficiency also promotes increase 

in PTH levels which in turn  has been  linked with resistance in insulin release (Chiu et al. 

2000, Reis et al. 2007).Hypovitaminosis D is also linked with enhanced fat infiltration in 

skeletal muscles which in turn associated with decreased insulin action , independently of 

body mass (Gilsanz et al. 2010).   

1.6.3 Mechanistic effect of Vitamin D on systemic inflammation  

Systemic inflammation is one of the hall mark of T2DM characterized by increase in 

circulating cytokines followed by β-cell apoptosis. Being an immunomodulator, bio-

activated vitamin D3 prevents systemic inflammation through both direct and indirect 

mechanisms. 1, 25(OH)2D3 directly inhibit cytokines and other pro-inflammatory 

molecules by modulating their expression and thus enhance insulin sensitivity (Riachy et 

al. 2002, van Etten and Mathieu 2005, Gysemans et al. 2005, Giulietti et al. 2007). One 

such mechanism is 1,25(OH)2D3 mediated downregulation of nuclear factor kappa B 

(NFκB) that one serves as a transcriptional factor for inflammation promoting cytokines; 

cachectin (TNF–α) as well as interleukin-6 (IL-6), both are responsible for substantial 

intensification of insulin resistance in muscles as well as adipose tissues. 1, 25(OH)2D3 

provides protection to the pancreatic β-cells against cytokine induced death via 

downregulating the cytokine induced expression of Fas receptor (Riachy et al. 2006).   
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1.6.4 Association between hypovitaminosis D and T2DM 

 

In earlier animal studies, hypovitaminosis D was linked with impaired insulin secretion 

while its replacement found repairing the defect (Cade and Norman 1986, 1987). This 

finding was supported by an ecological evidence showing that an increased rate of 

metabolic disorders for example T2DM are frequent in regions those are far-off the 

equator, proposing a plausible relationship between hypovitaminosis D and T2DM in areas 

with insufficient sunlight (Pittas et al. 2010). The first ever clue that clearly linked these 

two physiological conditions was a study in which seasonal variation in glycemic control 

was noticed in T2DM patients (Campbell, Jarrett, and Keen 1975). This observation was 

substantially supported by a subsequent study published in later years indicating higher 

plasma glucose and insulin levels in fall compared to spring  (Behall et al. 1984). 

Furthermore, numerous cross-sectional studies have revealed substantial negative 

relationship of hypovitaminosis D with T2DM. In this regard, “Third National health and 

Nutritional Examination Survey (NHANES)” is among the largest cohorts, conducted in 

US. Population (n=6228, age ≥ 20 years) revealed negative interrelationship amongst 25-

OH-D3 concentration and T2DM in non-Hispanic whites and Mexican-Americans even so 

failed to exhibit same in African-Americans (Scragg, Sowers, and Bell 2004). Similar 

inverse association of hypovitaminosis D and T2DM prevalence was also observed in other 

populations including U.S. [n=1070 , age 44-96 years] (Reis et al. 2007), Europe [n= 6810, 

age 45 years] (Hypponen et al. 2008), China [n=3262, age 50-70 years] (Lu et al. 2009) 

and Netherland [n=1286, age 65-88 years](Oosterwerff et al. 2011). On the contrary, few 

of studies were ineffective to show any relationship of hypovitaminosis D with T2DM, 

particularly in countries where vitamin D deficiency was highly prevalent. Besides 

observed consistency of inverse association between hypovitaminosis D and T2DM, cause- 

effect affiliation cannot be assessed owing to plausible reverse causation in cross-sectional 

studies.  

Further in support of cross-sectional studies, a large amount of data has been published 

from longitudinal studies in which vitamin D status (exposure) was determined before the 

incident of T2DM (outcome) occurred. An inverse relationship of sub-optimal vitamin-D 

levels with occurrence of T2DM already been demonstrated via prospective investigations. 
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Though, intake of vitamin D was self-proclaimed, predicted concentrations were used, or 

serum/plasma specimens were utilized to assess 25-OH-D3 levels. “Nurses’ health study” 

[ n= 83,779, age 30-55 years] was one of the largest cohort conducted in women from 11 

U.S. states to inspect the interrelationship of cumulatively consumed Ca+-D3 pills with the 

likelihoods of T2DM. In their report it was revealed that consuming >800IU/day of D3-

pills lowers the odds of developing T2DM by 33 percent equated to those consuming 

<400IU/day [RR 0.67, 95% CI (0.49-0.90)]. Nonetheless, the model became insignificant 

when adjusted for dietary factors (Pittas et al. 2006). A “Women’s health study” [n=10, 

066 , age ≥ 45 years ], consumption of ≥511 IU/day of D3-pills revealed to reduce chances 

of type 2 diabetes by 27% than consumption of ≤ 159 IU/day, although age was the only 

covariate adjusted in model while assessing risk (Liu et al. 2005).  

 

A report (with nested case-control approach) including two Finnish cohorts revealed that 

being in highest quartile of vitamin D, Men had 40% lower chance of developing T2DM 

then in lowest quartile. However, similar relationship could not be observed in female 

participants (Knekt et al. 2008). In Tromsö study , the risk of developing T2DM in third, 

second and first quartiles of 25(OH)D were 1.0 [ (0.62–1.61) 95% CI] , 1.5 [(0.97–2.31) 

95% CI]  and 1.9 [ (1.25–2.88) 95% CI] compared to fourth quartiles (highest) , although 

model became insignificant when adjusted for BMI (Grimnes et al. 2010).  

 

In a systematic review-analysis (including 21 reports), song et al. (Song et al. 2013) 

showed a converse relationship of 25(OH)D levels at base line and likelihood of 

developing T2DM. Their linear trend analysis showed that each 9.8 nmol/L intensification 

of 25-OH-D3 levels lowers the chances of developing T2DM up to 4%. one more meta-

review (including 16 studies) revealed that individuals exhibiting 25-OH-D3 levels in 

lowest quartiles were having 1.5 folds higher chances of developing T2DM  than in upper 

quartile. (Afzal, Bojesen, and Nordestgaard 2013).  

 

To confirm findings of cross-sectional and prospective studies, more than 114 randomized 

double blind clinical trials those were carried out in T2DM patients to establish a cause-

effect interrelationship. However, results are inconsistent and inconclusive and thus, these 

findings could not be substantiated. In Tromso study, supplementation of 36 T2DM 
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patients with normal vitamin D levels at baseline (receiving metformin and insulin at bed 

time as treatment) to 40, 000 IU/week D3 pills or placebo for six months displayed no 

improvements of glucose metabolism (Jorde and Figenschau 2009). In an RCT conducted 

in Germany, supplementation of 86 non-insulin dependent patients with 1094 IU/week 

vitamin D or 6 weeks of placebo did not change metabolic functions. Although, HbA1C 

were lower in patients with 25-OH-D3 ≥50 nmol/L equated to 25-OH-D3 ≤50 nmol/L 

(Strobel et al. 2014).    

In an Australian RCT, 50 newly diagnosed T2DM patients supplemented with 

6000IU/day vitamin D or placebo  showed a transient change in FPG but not in other 

glycemic parameters in 3 months and these effects disappeared after 6 months (Elkassaby 

et al. 2014).In Korean T2DM patients (n= 158) with normal glycemic control (≤ 8.5 %) 

and 25(OH)D < 20ng/ml , treatment with 1000 IU/day vitamin-D3 , 200mg /day calcium 

or placebo do not displayed  improvement in HbA1C and HOMA-IR (Ryu et al. 2014).  

 

In an obese Emarati population , T2DM patients exhibiting hypovitaminosis D (n= 87) 

were investigated for initial supplementation of vitamin D (12 weeks) with 6000 IU/day 

then for another 12 weeks were provided with next vitamin D dosage of 3000 IU/day 

versus placebo showed no improvement in glycemic indices [blood pressure, FBG, 

HbA1c or C-peptide ] (Sadiya et al. 2015). In a vitamin D deficient , T2DM population 

from Denmark, 11200 IU/day vitamin D supplementation for 2 weeks  followed by 

5600IU /day for 10 weeks versus placebo showed no improvement in IR, BP, 

inflammatory condition or HbA1C except borderline insulin release improvements 

(Kampmann et al. 2014). In Swiss population suffering with T2DM for >10 years (n= 55), 

parenteral administration of 300,000 IU vitamin D or placebo resulted in insulin 

sensitivity enhancements (based on HOMA-IR) as well as HbA1C in treatment group 

(Jehle et al. 2014).  

In T2DM population from Iran with vitamin D insufficiency (n=118), four groups were 

randomized (n=30 each) for 8 weeks as: (a) 50,000 IU/week  D3 + Ca+ placebo; (b)1, 000 

mg/day Ca+ + D3 placebo; (c) 50,000 IU/week D3 + 1,000 mg/day Ca+; or (d) vitamin D 

placebo + calcium placebo. The group which received combinations of D3+Ca+ 

supplementation showed enhancement of glycemic indices (insulin sensitivity, HbA1c , 

HOMA-IR ) , lipid parameters (LDL, Total cholesterol/HDL ) increased QUICKI 
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(quantitative insulin sensitivity check index) and HOMA-β (beta-cell function) (Tabesh 

et al. 2014). In another study from Iran, T2DM patients were randomized in 3 groups 

based on received treatment as plain yogurt with: (1) 500 IU vitamin D3 + 250mg 

calcium/250 ml; (2) 500IU vitamin D3 + 150 mg calcium/250ml; and (3) no vitamin D3 

+ 250mg calcium/250ml two times a day for 8 weeks. Daily fortified yogurt (with or 

without calcium ) consumption showed improvement in glycemic status (FSG, HOMA-

IR and HbA1C) in T2DM cases (Nikooyeh et al. 2011). 

 

In non-insulin dependent T2DM patients (n=275) from Netherland , supplementation of 

50, 000 IU/month  D3 or placebo for 24 weeks showed not any improvement in glycemic 

control (HbA1C , HOMA-IR, fasting insulin and glucose levels) (Krul-Poel et al. 2015). 

In an RCT conducted in Pakistani population, 114 newly diagnosed T2DM patients were 

randomized to take metformin 500mg +200, 000 IU/month vitamin-D3 or metformin 

500mg only for 12 and 24 weeks. Patients in treatment group showed substantial 

enhancement in 25(OH)D concentrations but no difference in glycemic control (HbA1C) 

was found (Randhawa et al. 2017). 

Findings of interventional trials supports the notion that plausible effect of vitamin-D3 

supplementation seems to be predominant in individuals who possesses substantial risk 

factors for diabetes such as persons with pre-diabetes or impaired glucose tolerance at 

baseline.  
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1.7 Vitamin D pathway and Vitamin-D binding protein (VDBP)  

VDBP being predominant protein of vitamin D pathway  not only facilitates vitamin D for 

its transformation from native form to biologically active form, but it also remains 

associated with vitamin D till its delivery to target tissue. Therefore, keeping in view the 

contribution of vitamin D in T2DM related attributes as well as impact of VDBP in vitamin 

D pathway, the plausible association of VDBP gene variants have been with 

hypovitaminosis D in several populations.  

1.7.1 Vitamin D binding protein (VDBP) gene polymorphism 

 

VDBP identified as Gc-globulin is encoded by GC (group specific component) gene. The 

homo sapiens GC gene  (Gene ID : 2638) , positioned on 4th chromosome (4q11-13) (Braun 

et al. 1993) is a 42.5Kb long (13 exons ) member of albuminoid gene family [other 

members are: albumin (ALB), α-fetoprotein (AFP) and afamin (AFM)] (Speeckaert et al. 

2006).  GC gene is extremely polymorphic in homo sapiens and encodes for a single-chain 

polypeptide comprising of 458 amino acids. Up until now, more than 120 genetic variations 

have been reported in the GC gene (Arnaud and Constans 1993).The two most common 

non-synonymous single nucleotide polymorphisms (SNPs) reported are: (1) rs7041 

(p.D432E  formerly D416E) ; and (2)  rs4588 (p.T436K formerlyT420K). These two 

variants of GC gene at sites 432 and 436 exhibits strong Linkage Disequilibrium (LD).  

 

In rs7041 polymorphism, T-to-G transversion occur which result in Aspartic acid (GAT) 

substitution to a Glutamic acid (GAG) at position 432. However, in case of rs4588 

polymorphism, C-to-A transversion in threonine (ACG) replaces it to lysine (AAG) at 

position 436. These two polymorphisms in combined form gives rise to three major 

phenotypes (isoforms): (1) Gc1f (fast); (2) Gc1s (slow); and Gc2 (Svasti et al. 1979). 

VDBP isoforms can be distinguished based on their electrophoretic mobility due to 

variation in amino acid composition and glycosylation pattern . (Braun, Bichlmaier, and 

Cleve 1992). Gc1f and Gc1s possess galactose and sialic acid while Gc2 possess galactose 

only(Abbas et al. 2008) 
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The wild type isoform of group specific component (GC-1f) can be recognized as the 

electrophoretically fastest mobilizing among all three isoforms. Other two isoforms GC-1s 

and GC-2 demonstrate intermediate and slowest mobility in electrophoretic field, 

respectively. There are six diplotypes possible out of the combination of above GC variants 

such as: 1f-1f, 1f-1s, 1s-1s,1s-2,1f-2, and 2-2. Sequence analyses revealed that Aspartic 

Acid remain conserved in both GC-1f and GC-2 whereas the GC-1s has a substitution of 

Glutamic Acid at 432. The conserved GC-1f and GC-1s has Threonine at position 436 

which has been reported to be substituted by lysine in GC-2. The declared phase unknown 

is occasional presence of E432 and T436 combination in humans ,  seems like a recessive 

trait (Lauridsen et al. 2004, Abbas et al. 2008).  

These three phenotypic variants exhibit differences in serum VDBP concentration and 

binding affinity with vitamin D related metabolic compounds. Gc-1f exhibits maximum 

binding affinity, Gc-1s intermediate, while Gc-2 lowest (Chun, Adams, and Hewison 2008, 

Lauridsen, Vestergaard, and Nexo 2001, Engelman et al. 2008). The possible explanation 

for this difference might be the different glycosylation state (Ravnsborg et al. 2010). 

Literature supports that carriers of GC 1-1 genotype have highest vitamin D concentrations 

followed by GC 1-2, while least in GC 2-2. (Gc1f>Gc1s>Gc2) (Arnaud and Constans 1993, 

Lauridsen, Vestergaard, and Nexo 2001). Moreover, frequencies of GC allele and 

genotypes varies with respect to geographical location as well as skin pigmentation. GC-

1F (wild type) allele is predominant in inhabitants having dark complexions for instance 

people of Africa and East Asia. GC-1S allele found at highest frequency in pale skinned 

population such as European, Middle Eastern and South Asian populations. However, GC-

2 is the least observed allele and found most frequently in Caucasians (Kamboh and Ferrell 

1986, Speeckaert et al. 2006).  

 

 

1.7.2 Physiological functions of VDBP- 

 

The protein encoded by GC gene  is a 52-59 kDa , multifunctional plasma protein known 

as VDBP Although , predominantly synthesized in the liver (Cooke and Haddad 1989), 

VDBP is present in a concentration range of 300-600mg/ml in healthy human (Kawakami 
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et al. 1981). VDBP is present in various bodily secretions (Sera , mother’s milk , urine , 

cerebrospinal fluids , ascitic fluids , spittle ) , cell surfaces ( lymphocytes , monocytes 

neutrocytes) and body part ( heart , encephalon , lungs , placenta , testis , uterus , spleen  

kidneys) (Cooke et al. 1991, Gomme and Bertolini 2004). The prime role of VDBP is to 

bind to approximately 90 % of vitamin D and its metabolic products. Remaining 10-15% 

of vitamin D binds to another member of the VDBP family i.e. albumin, while only <0.1% 

are in its free form (Bikle et al. 1985, Chun et al. 2014). Besides transportation of vitamin 

D and acting by means of its reservoir, VDBP is involved in many other biological 

functions including: (1)  actin sequestering ; (2) fatty acids binding ; (3) stimulation of 

macrophages ; (4) stimulation of osteoclasts ; (5) boosting of chemotaxis activity against 

peptides derived from C5 ; (6) supporting the defense mechanism of the body by 

correlating with the immune cell surfaces ; and (7) modulate immune and inflammatory 

responses (Blanton et al. 2011a, White and Cooke 2000).  

 

1.7.3 VDBP genotypes as determinant of vitamin D status  

 

GC gene variants (rs7041 and rs4588) have been emerged as significant predictors of 

vitamin D level in certain population (Engelman et al. 2008, Sinotte et al. 2009, Elkum et 

al. 2014, Li et al. 2014, Robien et al. 2013, Almesri et al. 2015, Lafi et al. 2015). Some 

studies even found impact of vitamin D supplementation to be influenced by VDBP 

genotypes (Nimitphong et al. 2013). Considering these facts, it is speculated that VDBP 

variants might be having substantial role in determining the circulating vitamin D levels in 

T2DM patients which in turn could affect glucose homeostasis mechanisms. However, 

besides this potential link, none of the reports could corroborate the impact of VDBP 

variants as genetic determinants of vitamin D levels in T2DM patients.  

1.7.4 VDBP (GC) gene polymorphism and T2DM  

 

Considering contribution of VDBP in vitamin-D related physiological processes, a few 

studies were conducted to explore the relationship of VDBP gene polymorphism with 

T2DM. Some of these reports have shown an association between VDBP Polymorphism 

and T2 DM in certain populations (Hirai et al. 1998b, Baier et al. 1998, Ren et al. 2003, 
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Shao et al. 2012), though in others, insignificant interrelationship was found (Klupa et al. 

1999, Ye et al. 2001, Malecki et al. 2002, Shao et al. 2012). Lately in a systematic review, 

Wang et.al  emphasized that VDBP gene polymorphisms (rs7041 and rs4588 ) are linked 

with increased vulnerability of developing T2DM, particularly in Asians (Wang et al. 

2014).However , limited data is available regarding association of VDBP variants with 

T2DM patients in South Asians and further large scale studies are required to validate this 

relationship.  

 

1.7.5 VDBP (GC) gene polymorphism and glycemic indices  

Association of VDBP gene polymorphisms has also been studied with respect to glucose 

homeostasis. In a populace comprising 468 Hispanic-Americans in addition to Anglos from 

southern Colorado state with normal glucose tolerance at baseline, mean glucose, insulin 

and C-peptide levels (at fasting, 1hr, 2hr after 75 g oral glucose load) were investigated 

across GC genotypes. Mean FPG but not insulin levels varied across GC genotypes 

(Iyengar et al. 1989). VDBP genotypes were also found linked with oral glucose tolerance, 

in non-diabetic Pima people (Baier et al. 1998) , lowest concentration of fasting insulin 

were found in GC 1f-1f genotype compared to other genotypes in Dogrib Indians 

(Szathmary 1987). HOMA-IR and fasting insulin levels, in Japanese population, were 

significantly different across GC diplotypes with normal glucose tolerance at baseline. 

Moreover, GC 1s-2 and GC 1s-1s diplotypes carriers had increased pre-prandial plasma 

insulin levels compared to GC 1f-1f. Nevertheless, insignificant difference was indicated 

for FPG, BMI, Cholesterol, TG and blood pressure (Hirai et al. 2000a). 

1.7.6 Vitamin D binding protein (VDBP) expression and T2DM 

Recent emerging evidences have shown that different pathological and physiological 

conditions can affect the serum concentration of VDBP which consequently affects  

25(OH)D levels in circulation (Yousefzadeh, Shapses, and Wang 2014). Thus, considering 

the impact of VDBP in vitamin D pathway, a few studies evaluating VDBP expression,  

found increased VDBP expression in diabetic rat serum (Chou et al. 2015), 

microalbuminuric T2DM patients (Cho et al. 2007), and even declared VDBP as a 

biomarker for diabetic nephropathy (Fawzy and Abu AlSel 2018). T1DM on contrary to 
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T2DM, VDBP concentrations were unchanged or Increased VDBP expression in T2DM 

patients infers the binding of majority of 25(OH)D to VDBP which can consequently 

decrease the bio-activated vitamin D because freely disperse vitamin D remains 

biologically active. However, data is limited and needs further urgent investigations in this 

region where there are high frequencies of hypovitaminosis D. 

The contribution of hypovitaminosis D, vitamin D binding protein (VDBP) gene variants 

and VDBP expression profile is not known with respect to T2DM in Pakistani population. 

As far as we know, there is hardly any study that cumulatively investigated the 

interrelationship amongst vitamin D deficiency, VDBP gene polymorphisms as well as its 

expression pattern in non-insulin dependent T2DM patients and age and gender-matched 

healthy controls. Therefore, present study was conducted to fulfill the urgent need 

investigating this association in a Pakistani population.  

Thus, we hypothesized that; There is an association between vitamin D binding protein  

(VDBP) gene polymorphism and type 2 diabetes mellitus (T2DM) in a Pakistani 

population.  

The overall aim of the study was to explore vitamin D deficiency, VDBP gene 

polymorphisms and VDBP expression in T2DM patients and their respective age and 

gender matched healthy controls.  

 

1.8 Research Objectives  

 

The specific aims of study were: 

1. To determine vitamin D related clinical parameters in non-insulin dependent type 

2 diabetes mellitus (T2DM) patients and normal subjects.  

2. To assess the frequency of hypovitaminosis D in a Pakistani population comprising 

of T2DM and its evaluation in normal controls (age and gender-matched) 

3. To study the role of socio-demographic factors (if any) as determinant of 

hypovitaminosis D in T2DM cases and healthy subjects.  
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4. To evaluate role of hypovitaminosis D with glycemic indices in T2DM cases  

5. To determine the rate of recurrence of vitamin D Binding Protein [VDBP (GC)] 

genotypes and diplotypes in T2DM cases and normal subjects 

6. To determine vitamin D levels across VDBP (GC) genotypes and diplotypes in 

T2DM cases and normal subjects 

7. To explore the association (if any) of VDBP (GC) genotypes and diplotypes with 

T2DM. 

8. To find out if there is any interrelationship amongst VDBP (GC) genotypes as well 

as diplotypes with glycemic indices in T2DM cases and normal subjects 

9. To study expression pattern of VDBP in T2DM cases as opposed to normal subjects 

 

 

 

 

 

 

 

 

 

 

2. MATERIALS AND METHODS 

2.1 Study Design 

This study is a matched case control approach comprising of non-insulin dependent type 2 

diabetes mellitus (T2DM) cases and their respective normal subjects (age and gender-
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matched). The sample size calculation revealed that a minimum sample of 165 would be 

required in each group (T2DM patients and healthy controls) assuming the frequency of 

any of the six diplotypes among healthy controls ranging between 25% and 65% with a 

power of 80% , expected matched odds ratio (OR) of 2.25 or more, correlation coefficient 

of exposure among matched case-control subjects = 0.2 and  α = 0.05 (Hirai et al. 1998a).  

2.2 Participants’ Enrollment 

 A case-control approach was employed during January2013-July2015 at the 

Endocrinology Clinic of the Aga Khan University (AKUH), Karachi. In total, 165 T2DM 

patients (age range 22-70 years, 116 males and 49 females) satisfying the inclusion criteria 

were recruited. The inclusion criteria were based on following main attributes: (1) 

Confirmed diagnosis of T2DM based on guidelines set by the International Diabetes 

Federation (fasting serum glucose > 125 mg/dL; clinical history); (2) Patients under 

treatment with only oral hypoglycemic agents (3) vitamin D supplements non-users (over 

the preceding 6 months); (4) Age ≤ 70 years; (5) not suffering from tuberculosis, or liver 

disease, or uremia or cancer; and (6) non-pregnant. Similarly, 165 normal controls (age 

and gender-matched) were engaged from the AKUH’s and other health care institutions 

personnel considering the succeeding inclusion norms: (1) devoid of any history of T2DM 

or impaired fasting glucose (FPG > 110 mg/dL); (2) not taking Vitamin D supplements 

during last six months; (3) Age ≤ 70 years; (4) healthy controls must be in a disease-free 

state, particularly should not be suffering from aforementioned diseases; and (5) non-

Pregnant.  

A pre-coded structured questionnaire was applied to determine demographic 

characteristics of the study participants. Data were recorded on socio-demographic 

characteristics such as age, gender, ethnicity, monthly income of family (PKR), total 

number of subjects in house-hold, exposure to sunlight (at least 2 hours/day) , past medical 

history of diabetes, hypertension, IHD and hypercholesterolemia, family history of 

diabetes, usage of vitamin D supplements over the past 24 weeks, eating habits (vegetarian 

/non-vegetarian ), type of fat used for cooking meals , engagement in exercise, extent of 

physical activity, ownership of car, motorcycle and TV, smoking history and use of 

smokeless tobacco. Anthropometric measurements including BMI, waist circumference 
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(WC) and other vitals such as BP (systolic/diastolic) and heart rate were also recorded. 

BMI was defined as body mass (kilograms) divided by the square of body height (meters). 

WC was measured at the shortest diameter between the costal margin and the iliac crest.  

2.3 Measurement of Biomarkers 

Venous blood specimen (10ml) was collected from each T2DM case and healthy control 

(with at least 12 hours of fasting) and transferred in equal volumes to an EDTA-containing 

tube and a tube without an anti-coagulant. Plasma/serum were separated by centrifugation 

at 3000 rpm for 10 minutes. Serum/plasma was used for estimation of 25-hyroxyvitamin 

D [25(OH)D], Parathyroid Hormone (PTH), Calcium, Alkaline Phosphatase (ALP), 

Phosphate, Albumin, ferritin, Alanine Aminotransferase (ALT), Creatinine, Lipid Profile, 

Fasting Plasma Glucose (FPG) and pre-prandial Plasma Insulin utilizing kits following 

manufacturer’s instructions (Roche Diagnostics, Indianapolis, IN). The minimum 

detection limits of 25(OH)D, PTH, Calcium, ALP, Phosphate, Creatinine, Albumin, FPG, 

ALT, Total cholesterol, LDL, HDL, TG, Insulin and Ferritin were 4 ng/mL, 1.2 pg/ml, 0.4 

mg/dl, 3 U/l, 0.31 mg/dl, 0.2 mg/dl, 2g/l, 1.98mg/dl, 2U/l, 9.7mg/dl, 3.86mg/dl,3mg/dl, 

8.85mg/dl, 0.2 μU/mL and 0.5ng/ml respectively. 

To provide a perspective on serum/plasma levels of 25(OH)2D, following criteria was used 

to describe vitamin D status. Hypovitaminosis D or vitamin D deficiency was demarcated 

as “serum concentrations of vitamin D <20ng/ml”, “vitamin D insufficiency as 20-29 

ng/ml”, whereas “sufficiency as ≥30 ng/ml”  (Holick 2007).  Hypercholesterolemia was 

described as serum total cholesterol extents  ≥200 mg/dl. Glycemic indices and lipid profile 

related parameters of T2DM patient such as HbA1C, FPG, RBG, Total cholesterol, LDL, 

HDL and TG were retrieved from clinical records of these patients. Patient’s glycemic 

controls was defined as well controlled glycemia [ HbA1C (%) < 7.0] as well as poorly 

controlled glycemia [ HbA1C (%) ≥ 7.0] following the guidelines of American Diabetes 

Association (Association 2018). 

 

Homeostatis Model Assessment for Insulin Resistance (HOMA-IR) was considered to 

assessed Insulin Resistance (IR) (Matthews et al. 1985) using following equation: 

 

HOMA-IR =Fasting plasma glucose (mg/dl) x fasting plasma insulin (µU/ml) /405 
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2.4 DNA collection and Genotyping 

We extracted the genomic DNA via salting-out method as mentioned previously (Miller, 

Dykes, and Polesky 1988). The segment of DNA covering VDBP gene 

polymorphisms/point mutations  rs4588 and rs7041 was amplified by polymerase chain 

reaction (PCR) previously reported by Isao et al. (Ito et al. 2004). Briefly, 100 ng DNA, 

1xPCR buffer, 200 μM deoxyribonucleotides (dNTPs), 1.5mM MgCl2, 1U Taq DNA 

polymerase (Promega, Wisconsin, USA) and 10 picomoles (pM) of each primer 

outer:5'TAAT-GAGCAAATGAAAGAAG3' and inner: 

5'TGAGTAGATTGGAGTGCATAC3' were taken in a 10 μl reaction volume. The 

augmentation was performed using following PCR settings:  initial denaturation: 94⁰C-

5min, then for next 35 repeats, initial denaturation: 94⁰C-30s; annealing: 56⁰C-30s, 

extension: 72 ⁰C-30s, subsequently last extension: 72⁰C -7 minutes. The resulting 

amplification region comprised of 462 base pairs (bp) covering mutations of interest.  

2.4.1 Restriction fragment length polymorphism (RFLP) of rs7041 and rs4588 

mutations 

PCR product was distributed in two aliquots to perform restriction digestion of amplified 

DNA segment. In this regard, aliquots of 5µl of PCR product were incubated with 5 Units 

each of HaeIII and StyI-HFTM restriction endonucleases at 37⁰C for 6 hours (New England 

Biolabs Inc., Ipswich, Massachusetts). Later, restriction segments were analyzed by 

agarose gel electrophoresis (2.5%) stained with 0.2 μg/ml EtBr and visualized under 

ultraviolet light using a transilluminator from Bio-Rad. GC-1f was identified as an uncut 

band of 462 bp from both enzymes, GC-1s was identified by two bands of 295bp and 167 

created by HaeIII enzyme only, while GC-2 was identified as two bands of 302 bp and 

156bp created by StyI-HFTM only (Figure 6).  
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2.5 Expression analysis of VDBP 

2.5.1 Plasma Protein Estimation and Two-Dimensional Gel Electrophoresis (2-DE)  

Total plasma proteins were estimated by Bradford protein assay using bovine serum 

albumin as a standard  (Bradford 1976). Two-Dimensional Gel Electrophoresis (2-DE) was 

performed as mentioned previously (Ferrero et al. 2005). Briefly, Plasma samples from 

T2DM patients (n=3) as well as healthy controls (n=3) were diluted 1:10 in a solubilisation 

buffer (9M urea, 2% CHAPS, 65mM DTT, 2% immobilized pH gradient (IPG) buffer pH 

3-11 and 0.05% bromophenol blue). The volume of the sample containing 90 µg of the 

solubilized plasma protein was then dissolved in reswelling buffer (8M urea, 2% CHAPS, 

13mM DTT and 2% immobilized IPG buffer pH 3-11) to achieve a final volume of 250µl. 

This mixture was then applied to rehydrate an 11cm pH 3-11 nonlinear IPG gel strip 

overnight at room temperature. Isoelectric focusing (IEF) was performed on Multiphor™ 

II Electrophoresis System (GE Healthcare Bio-Sciences AB) at 20oC using following 

parameters: 500 volts: 1hr, 1000 volts: 1hr, gradual increment to 4000 volts and kept 

constant for 32000 volt-hours (Vh). Before second dimension, IPG strips were incubated 

in 10ml equilibration buffer comprising of 6 M urea, 2% (w/v) sodium dodecyl sulphate 

(SDS), 50 mM tris-HC1 pH 6.8, 30% glycerol (v/v), 65 mM DTT, and 0.01% bromophenol 

blue for 15 minutes. 2-DE was carried out on a linear 12.5% polyacrylamide gel without a 

stacking gel, instead the gel strip was fixed with a 3ml solution of 0.5% agarose dissolved 

in running buffer. The second-dimensional gels were run at constant 100V for 6 hours. The 

2D gels were silver stained and scanned using a desktop scanner. The gels were prepared 

in triplicates or more to ensure reproducibility. 

2.5.2 Silver Staining 

Silver staining of the all 2D gels were performed according to Blum’s protocol  (Helmut, 

Hildburg, and J. 1987) Briefly, gels were first immersed in a fixing solution comprising of 

40% methanol with 10% acetic acid for 20 minutes followed by 3 times washing with wash 

solution containing 30% ethanol for 20 minutes. The gels were then incubated in freshly 

prepared solution of 1.2mM Sodium thiosulfate (Na2S2O3) for 1 minute and then washed 

with deionized water (DI). Subsequently, the gels were stained by incubating in silver 

nitrate (AgNO3) solution containing 2µl (37%) formaldehyde (CH2O) for 20 minutes 

followed by washing in DI water for three times. Development of protein spots was 
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achieved by immersing gels in a developing solution containing 30gm Sodium carbonate 

(CNa₂O₃), 5mg Sodium thiosulfate (Na2S2O3) and 500µl formaldehyde (CH2O). Finally, 

gels were immersed in a 5% Acetic acid solution to stop the reaction. 

2.5.3 Validation of Identified VDBP by Western Blotting 

VDBP identification was subsequently confirmed by immunoblotting as previously 

described (Towbin, Staehelin, and Gordon 1992). Briefly, 20 µg of each plasma sample 

was loaded on 10% polyacrylamide gel along with molecular weight markers and run at 

constant voltage of 100 volts. After electrophoresis, electro-transfer of proteins was 

conducted on polyvinylidine difluoride (PVDF) membrane (Amersham GE, Munich, 

Germany) at 300 milliamperes (mA) for 180 min using Wet Electroblotting Systems (Bio-

Rad, Hercules, CA, USA) followed by blocking with 5% non-fat dry milk (BSA) in 

Phosphate-Buffered Saline and Tween 20 (TBST) for 1 h at room temperature (24°C). 

Afterwards the membranes were rinsed with PBS comprising of 0.05% Tween 20, the 

VDBP immobilized PVDF blot was incubated in primary antibody Anti-Vitamin D 

Binding protein antibody (ab81307) overnight at 4°C. The membranes were rinsed three 

times with TBST followed by incubation with Secondary antibody goat anti-rabbit IgG 

HRP (1:10,000) for 1 hr at room temperature. Finally, the protein bands were detected 

using TMB reagent and visualized on Gel Documentation System (Bio-Rad, Hercules, CA, 

USA).  

2.5.4 In Silico Protein-Protein Interaction Analysis 

Functional interaction of differentially expressed VDBP with other protein was predicted 

via protein-protein interaction (PPI) network database known as STRING 10.5 

(https://string-db.org). This database provides the comprehensive description of the 

proteins in various cellular mechanisms and functions. Acquired accession numbers of the 

identified protein was entered in search column and possible interaction of the entered 

proteins were acquired at high confidence score ≥ 0.7. Each node represents a protein with 

edged interactions with others. 

2.6 Statistical Analysis  

All statistical analyses were carried out with the assistance of Statistical Package for Social 

Sciences (SPSS) Software for Windows version 19 (Apache Software Foundation).  

https://string-db.org/
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2.6.1 Statistical analysis – Prevalence of hypovitaminosis D in T2DM cases and 

normal subjects 

2.6.1.1 Demographic features representing T2DM cases and normal subjects 

 Quantitative variables including age, BMI were defined as mean ± SD. Whereas, 

categorical variables comprising of gender, history of smoking, use of smokeless tobacco, 

sunlight exposure, past medical history of hypertension, Ischemic heart disease (IHD), 

hypercholesterolemia, type of fat in cooking, engagement in exercise and extent of physical 

activity were expressed as n (%). In order to relate variables among T2DM patients and 

healthy subjects, independent sample t-test, one-way analysis of variance (one-way 

ANOVA), McNemar test and Chi-Squared tests were utilized.  

2.6.1.2 Clinical characteristics of T2DM patients and healthy controls 

Continuous variables were expressed as mean ± SD. Clinical characteristics such as 

concentrations of 25(OH)D, PTH, calcium, ALP, ALT, phosphate, Albumin, creatinine 

and FPG were compared amongst T2DM cases and normal subjects using independent 

sample t-test. Statistical significance was perceived only when p-value reached less than 

0.05. 

2.6.1.3 Interrelationship of vitamin D deficiency with monthly house-hold income in 

normal subjects 

mean values of 25(OH)D amongst different monthly house-hold income groups (< 20, 000 

PKR, 20,000-50,000 PKR and > 50, 000 PKR) were compared by One-way analysis of 

variance (One-way ANOVA) and multiple pairwise assessments were attained by Tukey’s 

HSD. To assess the risk of lower monthly house-hold income with hypovitaminosis D, 

participants were categorized into two groups; < 50, 000 PKR and ≥ 50, 000 PKR. 

Binomial logistic regression was applied to examine the relationship amongst monthly 

house-hold income and vitamin D status. Statistical significance was perceived only when 

p-value reached less than 0.05. 

 

2.6.1.4 Association of hypovitaminosis D with poor glycemic control in T2DM patients 
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Mean ± SD values of continuous variables [25(OH)D, PTH, calcium, ALP, phosphate, 

albumin, ALT and creatinine] were linked via Independent sample t-test. However, Chi-

square test was utilized to compare fractions of vitamin D deficiency in two glycemic 

control groups. Binomial logistic regression was used to evaluate the relationship amongst 

hypovitaminosis D and glycemic control. Statistical significance was perceived only when 

p-value reached less than 0.05. 

2.6.1.5 Association of vitamin D levels with statins use in T2DM patients 

Mean ± SD values of continuous variables [25(OH)D, PTH, calcium, ALP, phosphate, 

albumin, ALT and creatinine] were compared in statins users versus non-users group via 

Independent sample t-test. Association between 25(OH)D levels and statins use was 

analyzed via Multiple Linear regression analysis. Statistical significance was perceived 

only when p-value reached less than 0.05. 

2.6.2 Statistical analysis –VDBP genotypes in T2DM patients and healthy controls  

Qualitative variables (genotypes and diplotypes) are specified as n (%). GC genotypes and 

diplotypes frequencies were compared using Chi-square test. Mean vitamin D levels were 

expressed as mean ± SD. Mean vitamin D levels were compared across GC genotypes and 

diplotypes in T2DM patients and healthy controls using two-way analysis of variance (two-

way ANOVA). Statistical significance was perceived only when p-value reached less than 

0.05. 

The Hardy Weinberg equilibrium was calculated using Chi-squared test for trinomial 

equation (http:///answers.yahoo.com/question/index?qid=20081112232154AAFc2UP). 

Statistical significance was perceived only when p-value reached below 0.05. Assessment 

of Linkage disequilibrium strength was carried out by Lewontin and Kojima method (C. 

and Ken‐ichi 1960). Association of GC genotypes with T2DM was assessed by Multiple 

conditional logistic regression analysis and most common genotype of GC gene was taken 

as reference. Adjusted Odds ratio were determined by adjusting the model with other 

covariates including age, BMI and vitamin D levels.  

http://answers.yahoo.com/question/index?qid=20081112232154AAFc2UP
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2.6.3 Statistical analysis -VDBP genotypes, diplotypes, FPG and related clinical 

parameters 

Continuous variables were expressed as mean ± SD. In healthy controls, GC genotypes and 

diplotypes were compared with respect to mean BMI, Waist circumference, FPG, insulin 

levels and HOMA-R, whereas in T2DM patients, GC genotypes and diplotypes were 

compared with respect to BMI, Waist circumference, FPG and HbA1C (%) by one-way 

analysis of variance (one-way ANOVA). Statistical significance was perceived only when 

p-value reached lower than 0.05. 

2.6.4 Statistical analysis-VDBP expression in T2DM patients and healthy subjects 

2-DE gel images were densitometrically analyzed using MelanieTM 9.0 software (GeneBio, 

Geneva Switzerland) and merged to create a single master gel. The expression levels of the 

spots were demarcated by measuring the volume of each spot divided by the total volume 

of all spots in the gel. This process is named as Total Spot Volume Normalization. For each 

spot, the relative volume intensity was averaged and specified as the mean ± SEM. The 

spots having significantly different intensities were selected by Student’s t-tests (p<0.05).  

For western blot images, relative intensities of each band were calculated using Quantity 

One 1-D Analysis Software (Bio-Rad, Hercules, CA, USA) and data were expressed as 

mean ± SEM. Reproducibility was ensured by preparing gels in triplicates or more from 

each patient and control sample. 

The functional association of the differentially expressed VDBP was generated through 

protein interaction network STRING 10.5 (https://string-db.org). This database provides 

the comprehensive description of the proteins in various cellular mechanisms and 

functions. Acquired accession numbers of the identified protein was entered in search 

column and possible interaction of the entered proteins were acquired at high confidence 

score i.e. 0.7. Each node represents a protein with edged interactions with others. 

2.7 Ethics Statement 

Prior execution, this research design was evaluated for ethical review at the Agha Khan 

University (AKU) by the institutional Ethics Review Committee (ERC). All participants 

were prior informed, and their consent was obtained before execution of this research study 

 

https://string-db.org/
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3. RESULTS 

3.1 Prevalence of hypovitaminosis D in T2DM patients and age and 

gender-matched healthy controls 

3.1.1 Demographic features of T2DM cases and normal subjects 

3.1.1.1 Socio-demographic factors  

Socio-demographic characteristics-based comparison of T2DM cases and normal subjects 

has been depicted in Table 2. The Mean age of T2DM patients and healthy controls was 

48.82±9.23 and 46.27±8.77 years, respectively (p=0.010) with age range 22-70 years. 

Nearly 70.3 % of the study participants were males and 29.7% were females in both T2DM 

patients and healthy controls. All five major ethnic groups including Urdu speakers, Sindhi, 

Punjabi, Balochi, Pashtuns participated in this study. Contribution was highest from the 

Urdu speakers (34% vs. 43%; p= NS), while lowest from the Balochis (4.3 % vs. none; 

p=<0.001) in both T2DM cases and healthy controls. Socio-economic based comparison 

of T2DM cases and normal subjects revealed that majority of study participants were 

having monthly house-hold income (MHHI) > 50, 000 PKR (68.5% vs. 62.4%; p= NS).  

Table 2: Characteristics of T2DM cases and normal subjects: Socio-demographic 

Factors. Proportions are compared using McNemar test, while mean values in cases and 

normal groups are equated via Independent samples t-test. 

 

Variable T2DM 

patients 

(n=165) 

Healthy 

controls 

(n=165) 

p-value 
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 Mean ± SD Mean ± SD  

Age (Years) 48.82±9.23 46.27±8.77 0.010* 

 n(%) n(%)  

Gender 

- Male 

- Female 

 

116(70.3) 

49(29.7) 

 

116(70.3) 

49(29.7) 

 

0.55 

Ethnicity 

- Punjabi 

- Sindhi 

- Balochi 

- Pathan 

- Urdu 

- Other 

 

16(9.9) 

43(26.5) 

07(4.3) 

13(8.0) 

55(34.0) 

29(17.9) 

 

22(13.3) 

25(15.2) 

0(0) 

3(1.8) 

71(43.0) 

44(26.7) 

 

0.33 

0.01* 

0.007* 

0.009* 

0.09 

0.05 

Socio-economic Status 

- <20,000 PKR 

- 21,000-50,000 PKR 

- >50,000PKR 

 

19(11.5) 

33(20.0) 

113(68.5) 

 

28(17.0) 

34(20.6) 

103(62.4) 

 

0.60 

0.95 

0.34 

3.1.1.2 Life style factors  

Life style-based factors were compared between T2DM cases and normal subjects as 

shown in Table 3. Assessment of data revealed that mean BMI was substantially higher in 

T2DM group than in healthy controls (28.52±4.57 vs. 25.79±3.31, P< 0.001). Study 

participants were divided into following four categories as per WHO guidelines regarding 

Asians’ BMI : Underweight (<18.5 kg/m2); Normal(18.5–23 kg/m2) ; Overweight (23–

27.5 kg/m2) ,and Obese( ≥27.5 kg/m2)(Hsu et al. 2015, Jih et al. 2014). Among these 

categories, Proportions of obese individuals were higher (52.8 % Vs. 27.7%, P= 0.006) 

whereas overweight individuals were lower in T2DM group equated to normal subjects 

(37.3 % Vs. 54.7%, P= 0.03). Majority of study participants in both T2DM cases and 

normal subjects were using vegetable oil as source of fat for cooking meals whereas about 

6.0% T2DM patients were also using Vanaspati ghee.  

Interestingly, T2DM patients were more engaged in daily exercise (38.4% vs 15.8, p < 

0.001) than physical activity for > 4 hours /day in comparison to healthy controls (25.6% 

vs. 42.7%, p = 0.001). However, data regarding smoking history revealed that a few more 

T2DM patients were current smokers (15.2% vs 7.9%, p = NS) or having history of 

smoking than healthy controls (38.4% vs 15.8%, p = NS) but proportions of use of 

smokeless tobacco were reduced in T2DM cases than in normal subjects (13.9% vs.15.2%, 

p = NS). Sun- seeking behavior was almost equally devoid in both groups and only 37% 



 

36 
 

of T2DM cases and 30% normal controls exposed themselves to sunlight for >2 hours/day 

(P>0.05).  

  

Table 3: Attributes of T2DM cases and healthy controls: Life Style Factors: 

Proportions in the two groups are compared using McNemar test, while mean values in 

cases and normal groups are contrasted via Independent samples t-test. 

 

Variable T2DM patients 

 

(n=165) 

Healthy 

controls 

(n=165) 

p-value 

 Mean ± SD Mean ± SD  

BMI (Kg/m2) 

 

28.52±4.57 

 

25.79±3.31 

 

<0.001 

 

 n(%) n(%)  

BMI categories 

- Underweight  

- Normal  

- Overweight  

- Obese  

 

01(0.6) 

15(9.3) 

60(37.3) 

85(52.8) 

 

01(0.6) 

27(17.0) 

87(54.7) 

44(27.7) 

 

1.0 

0.49 

0.03 

0.006 

 

Use of cooking oil/fat 

- Vegetable oil 

- Vanspati ghee 

- Both 

 

113(68.9) 

10(6.1) 

41(25.0) 

 

84(76.4) 

0(0.00) 

26(23.6) 

 

 

0.160 

0.003 

0.866 

Engagement in exercise 

- No 

- Once/week 

- 2-5 times/week 

- Daily 

 

       43(26.2) 

32(19.5) 

26(15.9) 

63(38.4) 

 

      110(66.7) 

26(10.3) 

12(7.3) 

26(15.8) 

 

      <0.001 

0.002 

0.023 

<0.001 

Extent of physical activity 

- <1 hr/day 

- 1-4 hr/day 

- 4hr/day 

 

       60(36.6) 

62(37.8) 

42(25.6) 

 

       17(15.5) 

46(41.8) 

47(42.7) 

 

      <0.001 

0.52 

0.001 

Smoking  

- Never 

- Current 

- Ever 

 

116(70.3) 

25(15.2) 

24(14.5) 

 

135(81.8) 

13(7.9) 

17(10.3) 

 

0.020 

0.057 

0.322 
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Smokeless tobacco  

- User 

- Non-user  

 

23(13.9) 

142(86.1) 

 

25(15.2) 

140(84.8) 

0.858 

Sunlight exposure 

- Yes 

- No 

 

61(37.0) 

104(63.0) 

 

50(30.3) 

115(69.7) 

0.241 

3.1.1.3 Metabolic Health Indicators  

 

Metabolic health indicators and their comparison between T2DM cases and normal 

subjects have been presented in Table 4. T2DM patients had significantly increased mean 

values of waist circumference than healthy controls (99.4±9.8 vs. 92.5±10.5, p < 0.001). A 

majority of T2DM patients were having other co-morbidities such as hypertension (58.5%), 

Ischemic heart disease (6.7%) and hypercholesterolemia (57.1%). Accordingly, use of 

statin was substantially higher in T2DM cases compared to normal subjects (53.9% 

vs.13.9%, p < 0.001). 

 

Table 4: Attributes of T2DM cases and normal subjects: Metabolic Health Indicators. 

Proportions in the two groups are compared using McNemar test, while mean values in 

cases and normal subjects are contrasted via Independent sample t-test. 

Variable T2DM patients 

 

(n=165) 

Healthy controls 

(n=165) 

p-value 

 Mean ± SD Mean ± SD  

Waist circumference 99.4±9.8 92.5±10.5 <0.001 

On statin medication 

- Yes 

- No 

 

89(53.9) 

76(46.0) 

 

13(11.8) 

97(88.2) 

<0.001* 

Hypertension 

- Yes 

- No 

 

68(41.5) 

96(58.5) 

 

25(15.2) 

140(84.8) 

<0.001* 

Ischemic heart disease 

- Yes 

- No 

 

11(6.7) 

154(93.3) 

 

2(1.2) 

163(98.8) 

0.02 

Hypercholesterolemia 

(>200 mg/dL) 

- Yes 

- No 

 

 

93(57.1) 

70(42.9) 

 

 

23(13.9) 

142(86.1) 

<0.001 
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3.1.2 Clinical features of T2DM cases and normal subjects  

Clinical characteristics related parameters of T2DM cases and normal subjects are 

compared in Table 5. In this study population, mean concentrations of 25(OH)D were not 

in sufficient state (>30 ng/ml) in both groups, although mean concentrations were 

substantially increased in T2DM cases compared to normal subjects (21.67±10.71 vs. 

16.70±11.32, P<0.001). with reference to other vitamin D related clinical attributes, both 

Alkaline phosphatase (63.39±35.61 vs. 78.33±26.21, p <0.001) and Phosphate levels 

(3.56±0.51 vs. 3.74±0.73, P=0.01) were substantially reduced in T2DM patients than in 

controls, whereas concentrations of PTH, calcium, albumin and creatinine remained 

insignificant between two groups. On the other hand, fasting plasma glucose (FPG) and 

Random Blood Glucose (RBG) concentrations were substantially elevated in T2DM cases 

than in healthy subjects (140.1±51 vs. 95.0±12.0, p<0.001). 

Table 5. Clinical characteristics of T2DM cases and healthy controls. Mean values in 

cases and normal subjects are compared via Independent samples t-test. 

 

Variable T2DM patients 

 (n=165) 

Healthy controls 

(n=165) 

p-value 

 Mean ± SD Mean ± SD  

25(OH)D (ng/mL) 21.67±10.71 16.70±11.32 <0.001 

PTH (pg/mL) 36.89±16.56 39.35±24.84 0.290 

Calcium (mg/dL) 9.52±1.74 9.24±1.17 0.087 

Alkaline phosphatase (U/L) 63.39±35.61 78.33±26.21 <0.001 

Phosphate (mg/dL) 3.56±0.51 3.74±0.73 0.010 
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Creatinine (mg/dL) 0.86±0.19 0.86±0.20 1.00 

Albumin  45.4±3.4 45.6±4.0 0.67 

FBG 140.1±51 95.0±12.0 <0.001 

 

3.1.3 Vitamin D status in T2DM cases and normal subjects   

 

Vitamin D status of study population is depicted in Table 6. Analysis of the data revealed 

that hypovitaminosis D [25(OH)D <20 ng/ml] was prevalent in more than half of the 

T2DM patients as well as healthy controls. However, proportions of hypovitaminosis D 

were lower in T2DM cases than normal subjects (52.7% vs. 69.7%; p<0.001). Although, 

no difference in proportions was observed for vitamin D insufficiency [25(OH)D = 20-29.9 

ng/ml] or sufficiency [25(OH)D >30 ng/ml] in T2DM patients compared to healthy 

controls.  

Table 6: Vitamin D status in the study population. Proportions in the two groups are 

compared using Chi-squared test, significance was perceived only once p-value reached 

below than 0.05. 

Vitamin D status n (%) T2DM 

patients 

(n=165) 

Healthy 

Controls 

(n=165) 

P-value  

Deficiency 

(25 (OH)D < 

20ng/ml) 

202(61.2) 87(52.7) 115(69.7) 0.001 

Insufficiency 

(25 (OH)D-20-29.9 

ng/ml) 

       72(21.8)        40(24.2) 32(19.4) 0.462 

Sufficiency 56(16.9) 38(23.1) 18(10.9) 0.30 
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(25 (OH)D ≥ 

30ng/ml) 

 

 

 

 

3.1.4 Hypovitaminosis D and Monthly House-Hold Income (MHHI) in healthy 

Controls  

3.1.4.1. Baseline comparison between deficient and non-deficient healthy subjects  

Baseline comparisons among vitamin D deficient and non-deficient healthy subjects have 

been mentioned in Table 7. There was no change in means relevant  to age, BMI and waist 

circumference in deficient versus non-deficient subjects. However, more males were in 

deficient group compared to females (P=0.008). Mean concentrations of serum phosphates 

were significantly high (3.6±0.63 vs. 4.0±0.84, P<0.001) whereas other parameters such 

as PTH, calcium, and ALP remained insignificant. Data related to socio-economic status 

revealed that subjects in deficient group had significantly lower proportions of MMHI 

>50,000 PKR than non-deficient healthy subjects (56.5% vs. 76%; p-value=0.023). 

Similarly, proportions relevant to other assets including ownership car, motorcycle and 

Television (TV) were lower in deficient group than non-deficient group, although, 

statistically significant difference was observed only for ownership of motorcycle (p-

value=0.048). Interestingly, proportions of daily exposure to sunlight >2hours/day were 

substantially lower in deficient versus non-deficient group (24.3% vs. 44%; p-

value=0.012).  
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Table 7: Baseline comparisons among vitamin D deficient and non-deficient healthy 

subjects. Independent sample t-test were utilized for comparison of mean ± SD values 

while proportions were compared using Chi-Squared test. Statistical signification was 

perceived only once p-value reached below than 0.05. 

 

 

 

 

Variables 

[Mean ± SD] 

Deficient 

[25 (OH)D < 

20ng/ml] 

(n=115) 

Non-Deficient 

[25 (OH)D ≥ 

20ng/ml] 

(n=50) 

P-value 

Age (years) 45.9 ± 8.3 47.1± 9.7 0.41 

Body mass index 25.9± 3.2 25.2± 3.3 0.23 

Waist circumference (cm) 92.1 ± 9.2 93.5± 13.2 0.43 

Serum PTH (pg/ml) 39.9 ± 25.6 38.0 ± 22.9 0.64 

Serum calcium (mg/dl) 9.1 ± 1.0 9.4 ± 1.4 0.23 

Serum ALP (Iu/ml) 78.7± 28.2 77.3± 20.8 0.74 

Serum phosphorous 

(mg/dl) 

3.6±0.63 4.0±0.84 <0.001 

Gender [n (%)] 

Male 

Female 

 

88(76.5) 

27(23.5) 

 

28(56.0) 

22(44.0) 

0.008 

 

 

House-hold income [n (%)] 

<50,000 PKR 

 ≥50,000 PKR 

 

50(43.5) 

65 (56.5) 

 

12(24.0) 

38(76.0) 

0.023 

 

 

Ownership of car [n (%)] 

Yes 

No 

 

64(55.7) 

51(44.3) 

 

33(66.0) 

17(34.0) 

0.215 

 

 

Ownership of motorcycle [n 

(%)] 

Yes 

No 

 

46(40.0) 

69(60.0) 

 

12(24.0) 

38(76.0) 

0.048 

 

 

Ownership of television [n 

(%)] 

Yes 

No 

 

110(95.7) 

05(4.3) 

 

47(94.0) 

03(6.0) 

0.65 

 

 

Exposure to sunlight [n 

(%)] 

Yes 

No 

 

 

28(24.3) 

87(75.7) 

 

 

22(44.0) 

28(56.0) 

0.012 
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3.1.4.2 Mean 25(OH)D levels with respect to Monthly House-Hold Income (MHHI) 

groups 

 

 Mean serum levels of 25-hydroxyvitamin D [25(OH)D] with respect to monthly house-

hold income (MHHI) groups has been presented in Table 8. Lowest amount of 25(OH)D 

were detected in Group-1 representing healthy individuals having MHHI <20,000 PKR, 

intermediate levels in Group-2 (MHHI 21,000-50,000 PKR) and highest concentrations in 

Group-3 (MHHI >50, 000 PKR). Mean vitamin D levels in these groups were 12.1±8.4, 

14.6±10.2 and 16.6±11.3*, respectively (p=0.013).  

 

 Table 8: Mean ± SD serum levels of 25(OH)D across monthly house-hold income 

(MHHI) groups. mean values were compared using One-way ANOVA followed by 

Tukey’s HSD test for multiple pairwise comparisons. Statistical signification was 

perceived only once p-value reached below than 0.05. 

 

 

Monthly House-Hold 

Income (PKR) 

    

n (%) 

Vitamin D 

levels 

(ng /ml) 

Mean ±SD 

 

P-value 

Group-1 <20, 000PKR 28 (16.9) 12.1±8.4 0.013 

Group-2 21-50,000 PKR 34 (20.6) 14.6±10.2 

Group-3 >50, 000 PKR 103 (62.4) 16.6±11.3* 
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3.1.4.3 Association between Monthly House-hold Income (MHHI) and hypovitaminosis 

D in healthy controls  

 

Association of vitamin D deficiency with monthly house-hold income < 50, 000 PKR is 

presented in Table 9. Binomial logistic regression analysis revealed that healthy 

participants with monthly house-hold income < 50, 000 PKR had 2.4-fold higher odds of 

vitamin D deficiency than participants with MHHI ≥50, 000 PKR. It is worthwhile 

mentioning that odds of vitamin D deficiency remained up to 2.24-fold even after 

adjustment of model for known confounders.  

Table 9: Association between lower monthly house-hold income and hypovitaminosis 

D in healthy controls. Odds ratio (with 95% CI) achieved from binomial logistic 

regression adjusted for Sunlight exposure and ownership of other assets, Statistical 

signification was perceived only once p-value reached below than 0.05. 

Monthly House-

Hold Income 

(MHHI) 

Crude OR 

(95% Cl) 

Adjusted OR 

(95% Cl) for 

Sunlight 

Exposure 

Adjusted OR (95% 

Cl) for Owning 

motorcycle  

≥ 50, 000 PKR 1 1 1 

< 50, 000 PKR 2.4(1.15-5.1) 2.34(1.1-5.0) 2.24 (1.04-4.82) 

 

 

 

 

 

3.1.5 Glycemic control and hypovitaminosis D in T2DM patients 

 

3.1.5.1 Demographic features and biomarkers concentrations in T2DM patients with 

good and poor glycemic control 
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Table 10 shows demographic and clinical features of T2DM patients defined with respect 

to their glycemic control status. To analyze the interrelationship amongst hypovitaminosis 

D and extent of control of glycemia, patients were divided into two groups i) good glycemic 

control group [HbA1C (%) < 7.0] and ii) bad glycemic control group [HbA1C (%) ≥ 7.0]. 

Analysis of data revealed that almost equal proportions of male and female participants 

(p=0.54) were found with good and bad glycemic control. Proportions of sunlight exposure 

for >2hours/day were not significantly different (p=0.84) between two group. Mean age, 

age of diagnosis, BMI and waist circumference were insignificant. Comparison of mean 

concentrations of clinical parameters revealed that 25(OH)D levels were lower (19.4±10.1 

vs. 27.0±9.8, P <0.001) whereas ALP and levels were higher (53.8±15.5 vs. 66.9±44.4, P 

= 0.045) in patients with poor glycemic control. Albumin levels were also lower (46.2±3.1 

vs. 45.0±3.7, p=0.05) in patients with impaired glycemic control. However, concentrations 

of other clinical parameters such as calcium, PTH, phosphate, ALT and creatinine 

remained insignificant between two groups. 

 

Data from two-way analysis of variance (two-way ANOVA) showed that both male and 

female T2DM patients had reduced mean vitamin D concentrations in poor glycemic 

control group (males = 19.2±8.8 and females = 19.9±12.9) compared with good glycemic 

control group (males = 26.8±10.5 and females = 27.4±7.8), and this difference in mean 

25(OH)D levels reached to statistical signification (P=0.001).  

 

 

 

 

 

Table 10. Demographic characteristics and concentrations of biomarkers in diabetic 

patients with good and poor glycemic control. Proportions in two groups are compared 

using chi-square whereas mean values are compared using Independent sample t-test. 

Statistical signification was perceived once p-value reached <0.05. 
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Characteristics HbA1c 

<7.0 

[Good Glycemic 

Control] 

n(%) 

HbA1c 

≥7.0 

[Poor Glycemic 

Control] 

n(%) 

p-value 

Gender 

- Female 

- Male 

 

12 (24.5) 

37 (75.5) 

 

27 (29.3) 

65 (70.7) 

 

0.54 

Sunlight exposure 

(>2 hours/day) 

- Yes 

- No 

 

 

20 (40.8) 

29 (59.2) 

 

 

36 (39.1) 

56 (60.9) 

 

0.84 

Mean ± SD p-value 

Age (Years) 49.9± 8.2 49.05±9.6 0.57 

Age of diagnosis (years) 44.0±8.2 43.4±9.0 0.72 

BMI (Kg/m2) 28.1±4.6 28.6±4.4 0.59 

Waist circumference (cm) 98.5±8.6 100.1±10.4 0.36 

25(OH)D (ng/ml) 27.0±9.8 19.4±10.1 <0.001 

Calcium (mg/dl) 9.6±1.8 9.4±1.7 0.48 

PTH (pg/ml) 33.9±14.8 36.3±13.1 0.32 

Alkaline phosphatase (U/l) 53.8±15.5 66.9±44.4 0.045 

Phosphate (mg/dl) 3.5±0.4 3.5±0.5 0.55 

Albumin 46.2±3.1 45.0±3.7 0.05 

ALT (U/l) 5.9±4.4 7.4±7.4 0.18 

Creatinine (mg/dl) 0.87±0.1 0.86±0.2 0.82 

 

 

 

 

 

3.1.5.2 Vitamin D status with respect to glycemic status in T2DM patients  

 

Vitamin D status of T2DM patients as per their status of glycemic control have been shown 

in Table 11. Highest proportions of vitamin D deficiency were observed in patients with 
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poor glycemic control than good glycemic control (58.7% vs.30.6%, P = 0.002). Similarly, 

lowest proportions of vitamin D sufficiency were found in patients with poor glycemic 

control (16.3% vs. 38.8, p = 0.005). However, proportions of insufficiency remained 

insignificant between two groups. 

  

Table 11. Vitamin D status and glycemic control in T2DM cases. proportions in two 

groups are compared using chi-square. Statistical signification was perceived once p-value 

reached <0.05. 

25(OH)D 

(ng/ml) 

Vitamin D 

status 

HbA1c 

<7.0 

[Good Glycemic 

control]  

n(%) 

HbA1c 

≥7.0 

[Poor glycemic 

control] 

n(%) 

p-value* 

<20.0 Deficient 15 (30.6) 54 (58.7) 0.002 

20-29.9 Insufficient 15 (30.6) 23 (25.0) 0.60 

≥30.0 Sufficient 19 (38.8) 15 (16.3) 0.005 

 

 

 

 

 

 

 

 

 

 

 

3.1.5.3 Association of vitamin D deficiency with poor glycemic control in T2DM 

patients  
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Association of hypovitaminosis D with glycemic control in T2DM cases is presented in 

Table 12. Pearson's correlation analysis exhibited that levels of serum 25(OH)D were 

inversely interrelated to HbA1C levels in T2DM patients (r=-0.203; p=0.016). Moreover, 

Binomial logistic regression analysis revealed that T2DM patients with poor glycemic 

control had 3.22-fold raised chances of hypovitaminosis D than participants with good 

glycemic control [ 95% CI (1.5-6.7); p=0.002]. It is worthwhile mentioning that odds of 

vitamin D deficiency in these patients increased nearly 5-fold [95% CI (1.9-11.9); P-value 

<0.001] when adjustments were made for other covariates, BMI, albumin, ALT and ALP. 

Table 12. Interrelation of hypovitaminosis D with poor glycemic control in T2DM 

cases. 1 Logistic regression was performed to achieve Odds ratio [OR (95% CI)]; *p-value 

<0.01 and 2OR (95% CI) from adjusted for BMI, Albumin and ALT; ** p-value <0.001. 

 

 HbA1c <7.0 

[Good Glycemic Control] 

(n=49) 

HbA1c ≥7.0 

[Poor Glycemic 

Control] 

(n=102) 

Crude1 1 3.22 (1.5-6.7) *  
Adjusted2 1 4.82 (1.9-11.9) **  

 

 

 

 

 

3.1.6 vitamin D levels and effect of statin use in T2DM patients 

3.1.6.1 Demographic and clinical features of T2DM patients concerning statin use and 

non-use 

Table 13 shows demographic and clinical attributes of statin users versus non-users. 

Analysis of data revealed that among 165 T2DM patients, 53.9% were using statins for 

managing their hypercholesterolemia.Average age and period of diabetes were 

significantly lower in statins non-users compared to statin users (p<0.01) Accordingly, 

total cholesterol, HDL and TG concentrations were substantially lesser in stains users 
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versus non-users (p<0.01). Whereas, statins users were also having higher HDL levels. On 

contrary, no significance was achieved for 25(OH)D levels (20.1±10.7 vs. 22.9±10.5, 

p=0.089) between two groups. Other variables such as serum phosphate and calcium levels 

were insignificant between statins users and non-users. Among 89 statins user, data were 

available for 75 patients. 60% of the patients were using Atorvastatin, 28% Rosuvastatin, 

while 12% were using other statins. In these patients, mean duration of statin treatment was 

21.96± 18.74 months, whereas mean dosage of statins was 13.0±5.3 mg.  

Table 13: Demographic and clinical features of T2DM patients regarding statin use 

and non-use. Independent samples t-test was utilized to compare mean values of 

quantitative variables in statins users versus non-users, while chi-square test was utilized 

to compare proportions of the qualitative variables. 

Variable Statin 

Non-users 

(n=76) 

 Statin 

users 

(n= 89) 

 p-value 

 n (%) Mean ±SD n (%) Mean ±SD  

Gender 

Male (n=116) 

Female (n=49) 

 

55(72.4) 

21(27.6) 

 

- 

- 

 

61(68.5) 

28(31.5) 

 

- 

- 

     0.58 

Smoker (Current) 

No 

Yes 

 

 

   56(73.7) 

20(26.3) 

 

         - 

- 

 

29(32.5) 

60(67.4) 

 

- 

- 

     0.20 

Duration of DM 

(months) 

- 55.2±50.1 - 77.6±58.8 <0.015 

Age (yr) - 45.3±9.6 - 51.7±7.7 <0.001 

BMI (kg/m2) - 28.6±4.3 - 28.4±4.7 0.75 

Serum cholesterol 

(mg/dl) 

- 132.6±37.1 - 109.0±34.5 <0.001 

Triglyceride 

(mg/dl) 

- 174.6±74.0 - 137.0±60.7 0.028 

HDL-cholesterol 

(mg/dl) 

- 41.2±8.5 - 38.8±10.7 0.352 

LDL-cholesterol 

(mg/dl) 

- 112.4±40.1 - 74.8±28.4 <0.001 

Phosphate (mg/dl) - 3.4±0.6 - 3.6±0.54 0.074 

Calcium (mg/dl) - 9.4±1.5 - 9.5±1.9 0.86 

25(OH)D (ng/ml) - 20.1±10.7  22.9±10.5 0.089 
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3.1.6.2 Effects of statin use on 25(OH)D levels in T2DM patients  

 

Table 14 shows influence of different factors on 25(OH)D levels, predominantly duration 

of statin use. At univariate level, age, duration of T2DM, serum cholesterol, LDL, and TG 

were significant. At multivariate level, to assess the association of duration of statin use 

with 25(OH)D levels, model was adjusted for other variables considering their biological 

importance or significance at the univariate level. Except current smoking, all other factors 

including age, duration of T2DM, cholesterol and LDL levels became insignificant. 

We kept current smoking in the model considering its biological significance. Concerning 

the extent of statin use (months), mean vitamin D levels improved by 0.12ng/ml with a one 

month raise in statin usage when the model was adjusted for age, gender, BMI, duration of 

T2DM (months), cigarette smokers, cholesterol and LDL levels. Coefficient of 

determinations (R2) with a value of 0.179 specifies the 17.9% variation in 25(OH)D levels 

depicted by the covariates under considerations. 

 

 

 

 

 

 

 

Table 14: Effects of use of statin on 25(OH)D levels via multiple linear Regression. 

*Adjustment of model for age, gender, BMI, T2DM duration, current cigarette smoking, 

cholesterol and LDL levels, coefficient of determination (R2) = 0.179. ** β[SE(β)] denotes 

regression co-efficient and its standard error. +Reference: category that was used as 

reference group for the analysis. 
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3.2 VDBP gene polymorphisms in T2DM cases and normal subjects 
 

3.2.1 Frequencies and prevalence’s of GC genotypes and diplotypes in T2DM 

patients and healthy controls  

3.2.1.1 GC genotypes  

 

We studied two common VDBP gene polymorphisms rs7041 (p. D432E) and rs4588 

Variable Crude  

Β[SE(β)] ** 

   P-value Adjusted* 

Β[SE(β)] 

** 

  

p-value 

Duration of statin use(months) 

 

0.15(0.06) 0.030 0.12(0.11) 0.31 

Age (yr) 0.16(0.09) 0.076 -0.18(0.27) 0.51 

Gender 

Male (+Reference) 

Female 

 

- 

-0.68(1.82) 

 

- 

0.71 

 

- 

-5.97(4.5) 

 

- 

0.19 

BMI (Kg/m2) -0.29(0.18) 0.114 -0.33(0.43) 0.45 

Duration of T2DM(month) 0.05(0.016) 0.002 -0.31(0.05) 0.55 

Current Smoking 

No (+Reference) 

Yes 

 

- 

-5.97(1.76) 

 

 

- 

0.001 

 

- 

-12.2(4.6) 

0.015 

Serum cholesterol (mg/dl) 0.003(0.02) 0.91 0.043(0.07) 0.55 

LDL-cholesterol (mg/dl) -0.037(0.03) 0.26 0.001(0.09) 0.99 

HDL-cholesterol (mg/dl) 0.20(0.14) 0.16   

TG (mg/dl) -0.01(0.02) 0.59   

Phosphate (mg/dl) 0.59(1.63) 0.71   

Calcium (mg/dl) -0.60(0.48) 0.21   

Constant   50.0(21.9) 0.034 
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 (p. T436K) in T2DM cases and normal subjects. Data relevant to prevalence of GC 

genotypes and diplotypes have been presented in Table 15. The proportions of GC 1-1, GC 

1-2, and GC 2-2 genotypes in T2DM patient were 44.2%, 49.7% and 6.1 %, respectively. 

While in healthy controls, the observed frequencies were 55.2%, 38.8% and 6.1%, 

respectively. Prevalence of any of the GC genotypes were not significantly different in 

T2DM cases than normal subjects (P=0.113).  

3.2.1.2 GC Diplotypes 

There are six resulting diplotypes of GC gene (rs7041 + rs4588) as depicted in Figure 6: 

GC 1f-1f, GC 1f-2, GC 1f-1s, GC 1s-1s, GC 1s-2 and GC 2-2. All six diplotypes were 

observed in our patients as well as controls. The frequencies of GC 1f-1f, GC 1f-2, GC 1f-

1s, GC 1s-1s, GC 1s-2 and GC 2-2 in T2DM patients and healthy controls were 3.6 % vs. 

1.8%, 27.9 % vs 37.0 %, 6.1 % vs. 6.1%, 12.7% vs. 16.4 %, 14.5% vs.10.9 % and 35.2% 

vs. 27.9%, respectively (P=0.279). 

HWE equilibrium was observed in two groups i.e., (165 T2DM patients; p=0.98, and 165 

healthy controls; p=0.99) in light of the frequency and distribution of GC allele. This 

signifies that no genetic drift was observed, and the respective alleles can be designated as 

to be in equilibrium. Being a fundamental tool for evaluating allele-allele relationships 

population genetics and to predict such relationships in successive generations. The method 

relies upon the principle that allelic and genotypic frequencies retain their frequency 

distribution in absence of interfering factors. Therefore, such equilibrium can be stated to 

persist in subsequent generations in a random mating population (Piel et al. 2015). 

In light of our data, it can be inferred that the D’ value of -1 specifies no recombination 

event in the midst of GC alleles, indicating that they are firmly linked. 
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Figure 6. RFLP analysis results for GC diplotypes after HaeIII and StyI 

double digestion. A unique distinction pattern was observed in GC diplotypes. Lane H 

represent double digest restriction pattern after HaeIII and StyI treatment. LAD for ladder (100-

1500 bp). Lane 1 and 2 depict controls (H and S) for 1F-1F genotype. Lane 3 indicates a restriction 

fragment resulting a 295 and 167 bp product after S treatment. Lane 4 depict an indigested product 

for 1S-1S. Lanes 5 and 6 illustrate 2-2 for single digest after StyI treatment, resulting in a 302 and 

156 bp fragment. Lane 7 and 8 is the pattern of 1F-2 diplotype upon partial digestion in S lane 

alone. Lanes 11 and 12 indicates 1F-1S genotype under partial digestion by H. 

 

3.2.1.3 GC genotypes, diplotypes and 25 (OH)D levels  

Comparison of mean concentrations of vitamin D with respect to GC genotypes and 

diplotypes as presented in Table 14 revealed that mean vitamin D levels were higher in 

individuals carrying the GC 1-1 genotype in both T2DM patients and healthy controls, 

while lowest in those carrying the GC 2-2 genotype. However, insignificant difference was 

observed in concentrations of mean 25(OH)D in all the GC genotypes in both T2DM 

patients and healthy controls (p>0.05). Mean vitamin D levels with respect to GC 

diplotypes were highest in GC 1F-2 and GC 1F-1S diplotype carriers in T2DM cases and 

normal subjects, respectively. Lowest 25(OH)D levels observed in those having GC 2-2 

diplotype in both T2DM cases and normal subjects. Nevertheless, the difference was 

statistically insignificant in both T2DM cases and normal controls (p>0.05). 
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Table 15: Distribution of frequencies of GC genotypes and GC diplotypes in T2DM cases and normal subjects in a Pakistani 

population. Proportions of genotypes and diplotypes in T2DM patients and healthy controls were compared using Chi-square. p-value 

compares mean concentrations of 25(OH)D within each group of genotypes and diplotypes using two-way ANOVA.  

 

GC gene 

T2DM Patients 

(n=165) 

Healthy controls 

(n=165) 

Groups P-value Interaction between 

Groups 

n(%) Mean ± 

SD 

25(OH)D 

n(%) Mean ± 

SD 

25(OH)D 

 Genotypes/Diplotypes Genotypes/diplotypes 

Genotype 

- GC 1-1 

- GC 1-2 

- GC 2-2 

 

 

73(44.2) 

82(49.7) 

10(6.1) 

 

27.7±11.2 

21.4±10.3 

16.2±7.8 

 

 

91(55.2) 

64(38.8) 

10(6.1) 

 

17.5±12.6 

15.8±9.7 

14.9±9.0 

 

0.031(F=4.707; 

df 1,324) 

0.159(F=1.848; df 

2,324) 

0.707(F=0.347; df 

2,324) 

Diplotypes 

- 1f-1f 

- 1s-1s 

- 2-2 

- 1f-1s 

- 1f-2 

- 1s-2 

 

 

6(3.6) 

46(27.9) 

10(6.1) 

21(12.7) 

24(14.5) 

58(35.2) 

 

23.2±13.2 

22.4±11.5 

16.2±7.8 

23.3±11.1 

24.3±10.1 

20.2±10.2 

 

 

3(1.8) 

61(37.0) 

10(6.1) 

27(16.4) 

18(10.9) 

46(27.9) 

 

15.4±13.3 

17.3±11.5 

14.9±9.0 

18.1±15.1 

17.4±8.2 

15.2±10.2 

 

0.004(F=8.215; 

df  1,318)  

 0.291(F=1.239; df 

5,318) 

0.963(F=0.198; df 

5,318) 
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3.2.1.4 Association between GC genotypes and T2DM in a Pakistani Population  

We assessed the risk of GC genotypes (GC1-1, GC1-2 and GC2-2) with T2DM in a 

Pakistani population (Table 16). Comparison of GC genotypes via conditional logistic 

regression analysis revealed that individuals with GC 1-2 genotype had increased risk of 

developing T2DM [matched OR (95% CI) 3.10 (1.22-7.88)] compared to other GC 

genotypes. Interestingly, the odds remained nearly similar even after adjustment of model 

with age, BMI and 25(OH)D levels [matched adjusted OR (95% CI) 2.98 (0.43-20.66)].As 

far as we know, the interrelation of GC 1-2 genotype with T2DM has never been reported 

in a Pakistani population.  

Table 16: Association of GC genotypes with T2DM in a Pakistani population. a 

Matched odds ratio (95% confidence interval), b Matched adjusted odds ratio when 

adjustments were made in  model for age, BMI and vitamin D, c Most common genotype 

of GC gene was taken as reference. 

 

 

 

 

 

 

 

 

 

 

 

Genotype Crude MOR (95% CI) a Adjusted MOR(95% CI) b 

GC 1-1c 

GC 1-2 

GC 2-2 

1.0 

1.64 (1.03-2.62) 

1.16 (0.48-2.83) 

1.0 

3.10(1.22-7.88) 

2.98(0.43-20.66) 
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3.3 VDBP genotypes, diplotypes, FPG and related clinical parameters 

3.3.1 GC Genotype, Diplotype, FPG and other clinical parameters 

3.3.1.1 Healthy controls  

Mean values of BMI, Waist circumference, FPG, fasting plasma insulin concentrations and 

HOMA-IR with respect to GC genotypes and diplotypes in healthy controls have been 

shown in Table 17. Analysis of data revealed that all GC genotype and diplotypes had 

similar concentrations of fasting plasma glucose and no significant differences were 

observed. Similarly, other parameters including BMI, waist circumference, insulin levels 

and HOMA-IR were also remained insignificant with respect to GC genotypes and 

diplotypes (P > 0.05).  

Table 17: VDBP genotypes, diplotypes and clinical parameters in healthy controls. 

Mean BMI, waist circumference, FPG, insulin and HOMA-IR within each group of 

genotypes and diplotypes were compared via one-way ANOVA. Statistical significance 

was perceived only when p-value reached less than 0.05. 

GC gene BMI 

(n=159) 

Waist 

Circumference 

(n=154) 

FPG 

(n=144) 

Insulin 

(n=100) 

HOMA-IR 

(n=100) 

Genotypes 

- GC 1-1 

- GC 1-2 

- GC 2-2 

 

25.7±3.3 

25.7±3.2 

26.9±3.1 

P =0.37 

 

91.4±9.2 

93.8±12.1 

93.8±9.8 

P =0.53 

 

95.8±12.4 

94.3±12.2 

91.8±4.5 

P =0.61 

 

15.6±8.3 

14.6±9.4 

19.9±17.0 

P =0.48 

 

4.1±2.5 

4.0±3.8 

6.2±5.9 

P =0.39 

Diplotypes 

- 1f-1f 

- 1s-1s 

- 2-2 

- 1f-1s 

- 1f-2 

- 1s-2 

 

23.2±1.8 

25.8±3.1 

26.9±3.1 

25.6±3.9 

25.7±4.2 

25.7±2.8 

P=0.70 

 

87.2±9.6 

92.2±7.4 

93.8±9.7 

90.0±12.5 

94.8±20.5 

93.3±6.2 

P=0.63 

 

88.5±0.7 

96.5±12.9 

91.8±4.5 

94.8±11.6 

93.3±13.8 

94.7±11.7 

P=0.82 

 

9.7±2.7 

17.1±8.5 

19.9±17.0 

13.0±7.5 

12.0±4.5 

15.7±10.7 

P=0.335 

 

 

2.1±0.5 

4.5±2.6 

6.2±5.97 

3.4±2.31 

2.97±1.2 

4.5±4.4 

P=0.329 
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3.3.1.2 Type 2 diabetes mellitus (T2DM) patients  

We assessed mean BMI, Waist circumference, fasting plasma glucose (FPG), fasting 

plasma insulin concentrations and HbA1C levels with respect to GC genotypes and 

diplotypes in T2DM patients (Table 18). The analysis showed that GC genotype and 

diplotypes had no difference with respect to BMI and waist circumference (P>0.05). 

Although, mean concentrations of FPG and RBG were slightly increased in GC 1-2 

genotype and 1S-2 diplotypes. However, comparison of mean concentrations of FPG, RBG 

and HbA1C based on GC genotypes and diplotypes showed no statistical difference in 

T2DM patients (P>0.05).  

Table 18: VDBP genotype, diplotypes and clinical parameters in T2DM patients. 

Mean BMI, waist circumference, FPG and HbA1C (%) within each group of genotypes 

and diplotypes were compared using one-way ANOVA.  

GC gene BMI 

(n=161) 

Waist 

Circumference 

(n=154) 

FPG 

(n=110) 

RBG  

(n= 89) 

HbA1c 

(%) 

(n=144) 

Genotypes 

- GC 1-1 

- GC 1-2 

- GC 2-2 

 

28.7±4.0 

28.3±4.7 

27.6±6.2 

P =0.74 

 

101.4± 10.1 

98.4±8.9 

93.1±10.9 

P =0.02 

 

135.2±94.6 

146.7±58.1 

113.8±21.1 

P =0.27 

 

191.9±77.8 

212.7±104.8 

199.7±33.5 

P=0.59 

 

8.1±2.0 

8.0±1.9 

7.5±1.5 

P =0.68 

Diplotypes 

- 1f-1f 

- 1s-1s 

-  2-2 

- 1f-1s 

- 1f-2 

- 1s-2 

 

28.7±4.0 

30.4±3.1 

27.6±6.2 

28.3±4.3 

28.5±3.6 

28.3±5.1 

P=0.91 

 

100.3±10.1 

107.5±9.0 

93.1±10.9 

102.4±10.2 

98.4±7.9 

98.4±9.8 

P=0.05 

 

143.7±50.2 

135.6±35.1 

113.8±21.1 

118.6±31.1 

137.8±45.6 

150.3±62.5 

P=0.34 

 

173.8±79.6 

212.6±85.1 

199.7±33.5 

153.3±34.5 

190.8±79.2 

223.6±115.1 

P=0.38 

 

 

8.2±2.1 

8.2±1.3 

7.5±1.5 

7.8±1.9 

7.36±1.5 

8.2±2.0 

P=0.45 
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3.4 VDBP expression in T2DM cases and normal subjects  

3.4.1 Altered Expression Analysis of VDBP in T2DM cases compared with normal 

subjects 

2-DE expression analysis revealed 27 differentially expressed proteins in T2DM cases than 

to normal controls. Among these, 09 spots were found to be upregulated while 18 were 

downregulated in diabetic cases compared with normal subjects (Figure 7). The observed 

spots were initially matched with the human plasma 2D PAGE map accessed from 

ExPASy. As described previously by Ferrero et al. (Ferrero et al. 2005),  VDBP spots were 

identified based on MW, PI and their position with respect to other spots belonged to that 

area. Image analysis of VDBP revealed increased expression of VDBP in T2DM patients 

than to healthy subjects, and the difference was statistically significant (Fold change >1.7, 

*p<0.05). Proteins were considered upregulated with fold change ≥ 1.5 and downregulated 

with foldchange <0.5. Furthermore, Differential expression of VDBP is also displayed by 

expression graphs generated via GraphPad Prism 7 by using normalized volume attained 

through statistical analysis of 2D images (Figure 7). 
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3.4.2 Validation of VDBP Expression in T2DM patients 

VDBP expression was validated by western blotting in 4 independent gels prepared in 

triplicates. A 54 kDa band of VDBP was detected in all samples from every member of 

group. Comparison of VDBP band intensities showed significant upregulated expression 

of VDBP in T2DM cases as opposed to normal subjects (p<0.05, Figure 8). When these 

two groups were compared with respect to gender, slightly higher expression was observed 

in diabetic females compared to healthy females, but the difference was insignificant 

(p>0.05). 
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3.4.3 PPI Network Analysis of VDBP in T2DM patients 

The functional association network of VDBP (GC) was generated through Protein-Protein 

interaction network database STRING 10.5 (https://string-db.org). STRING enables PPI 

analysis of network based on both known and predicted interaction between proteins thus 

providing substantial evidence regarding the complex interactive role of VDBP in T2DM. 

According to the interaction network (Figure 9), a strong interaction is evident between 

VDBP and interacting proteins with the highest confidence score > 0.9. Strongest and direct 

interaction of VDBP is mainly evident with proteins involved in vitamin D related 

metabolic mechanisms such as LRP2 (Megalin), Cubilin and Legumain. Strong and direct 

interaction of VDBP is also evident with proteins directly binding to vitamin D such as 

VDR and Cubilin. However, interaction of VDBP is also evident as cellular component 

with other proteins: Haptoglobin, Cubilin, LRP2, Legumain, VDR, CYPR1, GSR, 

SLC25A18 and ST6GALNAC. 

 

 

https://string-db.org/
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1. Discussion 
A meta-analysis conducted by Wang et.al revealed association of polymorphisms in VDBP 

gene with increased susceptibility of developing T2DM, particularly in South Asians. 

However, the meta-analysis could only evaluate three studies so far published with 

reference to association between VDBP (GC) gene polymorphism and T2DM in South 

Asia. Therefore, keeping in view the huge burden of both T2DM and hypovitaminosis D, 

the present research report fulfilled the urgent need of investigating the interrelationship 

(if any) amongst VDBP (GC) gene polymorphisms and susceptibility of type 2 diabetes 

mellitus (T2DM) in a representative Pakistani population. Moreover, this is the prime 

epidemiological study in this region where hypovitaminosis D, VDBP (GC) gene 

polymorphisms and VDBP expression has cumulatively been investigated in patients (non-

insulin dependent T2DM) and healthy subjects (age and gender-matched).  

The main findings of present study are: 

➢ There is remarkably extensive incidence rate of vitamin D deficiency both in 

diabetic patients and healthy controls. However, deficiency is more prevalent in 

healthy controls compared to diabetic patients. 

➢ Male subjects displayed more proportions of Vitamin D deficiency than females  

➢ In healthy controls, hypovitaminosis D is positively associated with monthly house-

hold income (MHHI). 

➢ There is scarcity of any interrelationship amongst vitamin D deficiency and T2DM 

in a Pakistanis. 

➢ In diabetic patients, hypovitaminosis D is negatively correlated with FPG and RBG  

➢ In diabetic patients, hypovitaminosis D is positively associated with poor glycemic 

control. 

➢ Statins using diabetic patients exhibited dearth of any interrelation with circulating 

vitamin D levels.  

➢ In diabetic patients , frequencies of GC 1-1 genotype and GC 1s-2 diplotype are 

higher than healthy controls. 
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➢ Association of GC 1-2 genotype with increased susceptibility of developing T2DM 

in evident in a population of Pakistan. 

➢ There is dearth of an interrelationship of vitamin D levels with GC genotypes and 

diplotypes. 

➢ In both cases and controls, no association of GC genotypes and diplotypes was 

evident for glycemic indices. 

➢ In diabetic patients, expression of VDBP was upregulated compared to healthy 

controls. 

Our findings indicate that the pervasiveness of vitamin D deficiency was extensively high 

in this population. Overall, prevalence rate specified that approximately 61.2% of study 

participants appeared to be vitamin D deficient, 21.8 % insufficient, and only 16.9 % were 

sufficient. Similar high proportions of hypovitaminosis D have been reported in  general 

populace of this region (Iqbal et al. 2013, Riaz et al. 2016, NASIM SAFDER 2018) . 

Interestingly, deficiency was more prevalent in males than females  (75.1% vs. 24.9%, p 

<0.001) whereas some previous studies reported contradictory result (Sheikh et al. 2012, 

Hassan et al. 2015). Although, a study found higher vitamin D deficiency in females with 

≤ 18 years of age (64.3% vs. 55.7%, P < 0.01) , however, females aged 19-50 years 

displayed lower percentages of hypovitaminosis D ( 71% vs. 74.5 , P < 0.01) compared to 

males (Hassan et al. 2015).  

Certain studies demonstrated socio-demographic features as determinant of vitamin D 

status (Jaaskelainen et al. 2013, Touvier et al. 2015). These sociodemographic 

characteristics included: Age, monthly-house hold income (MHHI), ethnicity, marital 

status etc. In this study population, most of the participants (76.3%) were adults (25-54 

years) having 63.1 % pervasiveness of sub-optimal vitamin D levels. As per the fact that 

the capacity of skin to synthesize vitamin D deteriorates with oldness (predominantly after 

>70 years of age )(Holick 2004) and this could be due to several reasons including 

reduction in levels of 7-dehydrocholestrol in the skin, reduced calcium absorption,  

decreased capacity of the kidney to synthesize 1,25(OH)2D3 due to advancing age and 

decrease in 25(OH)D levels (Gallagher 2013). In present study, only 19.4% of late middle-

aged adults (55-64 years) and 3.6 % of older adults (>65 years) participated with 

proportions of vitamin D deficiency 50.0 % and 33%, respectively. However, comparison 
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of proportions of vitamin D deficiency between adults, late middle aged and older adults 

revealed no significant difference. Therefore, we could not observe any relationship 

between old age and hypovitaminosis D in this population. Moreover, study participants 

came from diverse ethnical background (predominant group was Urdu speakers), though, 

T2DM patients had lower participation of Urdu speakers than in controls (34.0 % vs 43.0%, 

P >0.05).  

Comparison of mean concentrations of vitamin D across three monthly house-hold income 

(MHHI) groups showed significant positive interrelationship amongst mean 25(OH)D 

concentrations and MHHI, only in healthy controls. Moreover, we also found 2.24 folds 

increased chances of hypovitaminosis D in lower income group compared to higher income 

group even after adjustment with sunlight exposure >2 hours/day. Although, some previous 

studies those were assessing the general population of this county for extent of vitamin D 

deficiency also recorded MHHI data, however, the plausible interrelation of MHHI and 

vitamin D status has never been investigated. These previous investigations were either 

based on low income general population (Mehboobali, Iqbal, and Iqbal 2015) or did not  

explore income as determinant of  hypovitaminosis D (Riaz et al. 2016, Sheikh et al. 2012). 

In contrast, the strength of our study is the first report representing MHHI as significant 

predictor of hypovitaminosis D in a healthy Pakistani population. This finding is similar to  

numerous other reports published so far in a multiethnic Asian population (Man et al. 

2017), American population (Wallace, Reider, and Fulgoni 2013), premenopausal 

Bangladeshi women (Islam et al. 2002), Canadian population (Naugler et al. 2013), Finish 

men and women (Jaaskelainen et al. 2013), elderly German population (Jungert et al. 2014) 

and Bahraini men (Al-Mahroos et al., 2013), while contradictory results have also been 

reported (Nagpal, Pande, and Bhartia 2009).   

This important observation recommends that besides cutaneous synthesis of vitamin D 

through sunlight, a limited quantity could be achieved through consumption of food items 

those are naturally enriched with vitamin D for instance fatty fish varieties (salmon, 

mackerel, and herring), cod fish derived cod liver oil, egg yolks as well as  mushrooms 

(shiitake). Some other foods such as dairy products (milk, eggs , cheese ) , breads and juices 

are also available in vitamin-D fortified form in USA market  (Holick and Chen 2008, 

Hossein-nezhad and Holick 2013), however , no such food fortification is being practiced 
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in Pakistan. Therefore, we can speculate that the lower vitamin D levels in lower monthly 

income group even after adjustment with sunlight exposure are probably owing to reduced  

intake of vitamin D enriched diets compared to group with high MMHI (Moore, Radcliffe, 

and Liu 2014). 

The outcome of present research displayed extensively prevalent hypovitaminosis D state 

in both cases and controls, therefore, no relationship could have been studied between 

hypovitaminosis D and T2DM. This observation is comparable to some reports from 

Pakistan and other countries where no relationship between hypovitaminosis D and T2DM 

could have been established due to intensification of hypovitaminosis D in both T2DM 

patients as well as healthy controls(Sheikh et al. 2012, Alhumaidi, Agha, and Dewish 2013, 

Sheth et al. 2015b, Gunawardane et al. 2015). Contrarily, a negative interrelationship 

amongst vitamin D levels and T2DM has been exhibited in several cross-sectional 

studies(Scragg, Sowers, and Bell 2004, Reis et al. 2007, Hypponen et al. 2008, Lu et al. 

2009, Oosterwerff et al. 2011). Data from longitudinal studies also linked  hypovitaminosis 

D with intensified risk of developing T2DM (Pittas et al. 2006, Liu et al. 2005, Knekt et 

al. 2008, Grimnes et al. 2010, Song et al. 2013, Afzal, Bojesen, and Nordestgaard 2013). 

Surprisingly, significantly higher proportions of sub-optimal vitamin D in T2DM patients 

than in controls (69.0 % vs. 34 %, p < 0.001, n= 100 each of case and controls) were 

reported in a Pakistani population from Punjab, Although, proportions of vitamin D 

deficiency as low as 34% has rarely been reported from Pakistan (Saleem et al. 2017). 

There are several factors responsible for intensified occurrence of hypovitaminosis D in 

this population. Sunlight is most abundant endogenous source for vitamin D synthesis in 

the body and considering topographical location of Pakistan, there is adequate sunlight 

available throughout the year (Humayun et al. 2012). However, sun-seeking behavior was 

less prevalent in this population and more than 70% study participants were not exposing 

themselves to adequate sunlight (>2hours/day) and were having lower vitamin D levels 

compared to sunlight exposed group. Besides this, there are other cutaneous factors linked 

with vitamin D levels lowering include: use of sunscreen, clothing style and skin 

pigmentation. Literature claims that using sunscreen of SPF-8 strength lowers vitamin D 

production by 95% (Holick 2007). In a Pakistani culture, both males and females wear 

fully covered clothes except that their face, neck, hands (usually up to wrist) and feet 
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remained uncovered, females even sometimes covered their face as well. None of the 

female participants in present study were using veil to cover their face and their body was 

covered as that of males. The quality and type of fabric also determine endogenous 

production of vitamin D through sunlight (Matsuoka et al. 1992). Majority of Pakistani 

population has skin collagen of type IV or V which in turn requires extended sun-skin-

contact to achieve optimum vitamin D levels due to increased melanin production (Farrar 

et al. 2013). Moreover, a few food items naturally contain vitamin D and among them, we 

can speculate that egg yolk [220 IU/100 grams] (Mathieu 2015) is the only widely 

consumed food product, as consumption of oily fishes and mushrooms is limited in 

Pakistani population. The other limitation is unavailability of vitamin D fortified food 

products as currently no food fortification policy is being practiced in Pakistan (Holick and 

Chen 2008, Hossein-nezhad and Holick 2013). However, we could not gather information 

relevant to dietary intake in this population. Pollution also emerged as significant 

environmental influencer to induce vitamin D deficiency in recent year. A study showed 

that prolonged exposure to air pollution can increase insulin resistance in pre-diabetic or 

diabetic patients (Wolf et al. 2016). As majority of the participants were recruited from 

Karachi which has been declared as one of the most polluted megacity , therefore, pollution 

in view of plausible reason of hypovitaminosis D in this population cannot be neglected 

(Gurjar et al. 2008). Another factor could be adopting a sedentary life style leading towards 

acquiring excess body weight or obesity which in turn ended up having suboptimal levels 

owing to fat depositing nature of vitamin D (Wortsman et al. 2000).  

Significantly higher mean BMI and waist circumference in T2DM patients compared to 

healthy controls witnessed in our population and were both insignificant with respect to 

mean vitamin D levels. An excess body fat is one of the salient factor which substantially 

contribute for developingT2DM, and majority of T2DM patients have their BMI and WC 

above the cutoff points (Nyamdorj et al. 2008). Contrarily, previous reports declared body 

fat (particularly BMI ) and serum concentration of  25-OH-D3 to be in negative 

interrelationship (Vimaleswaran et al. 2013), possibly owing to vitamin D’s depositing in 

obese people’s fatty tissues due its lipophilic nature (Wortsman et al. 2000). Therefore, 

obesity should be considered as a substantial confounder when estimating a relationship 

between hypovitaminosis D and T2DM. There are reports those have clearly exhibited that 
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the interrelation of 25(OH)D levels with T2DM diminished after adjusting BMI as a 

confounder (Grimnes et al. 2010).  

Some life style factors such as smoking, use of smokeless tobacco and sedentary life style 

have been described as risk factors for hypovitaminosis D (Thuesen et al. 2012, Hibler et 

al. 2016). Smoking history and use of smokeless tobacco in T2DM patients showed lower 

vitamin D levels in smokers compared to non-smokers (17.5±9.1 vs. 23.4±10.8; p = 0.001), 

however, insignificant variation was detected considering influence of use of smokeless 

tobacco, and both variables were insignificant in healthy controls. Our results corroborate 

previous findings that in contrast to non-smokers, smoker’s serum vitamin D levels were 

lower (Shinkov et al. 2015, Kassi et al. 2015, Brot, Jorgensen, and Sorensen 1999) , hence 

were more prone to develop insulin resistance, glycemic control impairments, 

macrovascular complications associated with T2DM (Eliasson et al. 1997, Gunton et al. 

2002, Cho et al. 2009, Chang 2012). Nevertheless, smoking preclusion and smoking 

cessation could not be highlighted completely in endocrinology clinics. Making patients 

aware of the role of non-smoking behavior in terms of achieving adequate vitamin D levels 

and overall health and engaging them in smoking quitting plans are the urgent required 

approaches for the management of T2DM. 

Engagement in exercise and being physically active are the first line measures in 

management of T2DM , however, lower proportions of physical activity and inactive 

routine is usually seen in these patients (Pearte, Gary, and Brancati 2004, Morrato et al. 

2007). Hypovitaminosis D has been interrelated with muscular pain, weakness, fatigue and 

performance impairments, whereas, prolonged history or poorly controlled diabetes can 

cause myopathy, which, if co-occur with hypovitaminosis D can cause prime muscle 

weakening along with reduction in physical performance and overall strength leading 

towards weight gain and increased insulin resistance (Lopes et al. 2014, Kavadar et al. 

2015). 

Only 38.4% of T2DM patients were engaged in exercise and 25.6 % were physically active 

(> 4hours/day) in our study. We noticed reduced 25-OH-D3 concentrations in T2DM cases 

who were non-exerciser (19.1 ± 10.7 vs 25.0 ± 10.6; p = 0.015) or were physically inactive 

(21.1±10.5 vs. 24.3±10.6; p = NS) compared to those working out daily or were physically 
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active > 4hours/day. We could not have identified variation in mean vitamin D 

concentrations with respect to these parameters in healthy controls. In Turkish overweight 

and obese individuals , lower 25-OH-D3 concentrations as well as sedentary behavior 

reported toward be linked with increased insulin resistance, FPG and HbA1C levels 

(Kavadar et al. 2015). In older working adults from Germany, T2DM patients with 

increased physical activity were having sufficient vitamin D levels (Mauss et al. 2015). 

Physical activity has been proven to improve glucose metabolism , calcium and vitamin D 

levels along with reduction in body weight by enhancing lipolysis (Brock et al. 2007). 

Previous studies have positively linked improved 25-OH-D3 levels and  physical activity 

(Bertrand et al. 2012).In an animal model with experimentally induced T2DM, sedentary 

diabetic rats had higher glucose , insulin , HOMA-IR , cholesterol, TG , LDL and lower 

HDL , free fatty acids , 25(OH)D and VDRs (pancreatic , adipose and muscular ) compared 

with physically active diabetic rats (Aly et al. 2016). Keeping in view the current findings, 

physicians should increase their efforts of motivating T2DM patients to be as seriously 

physically active as they follow any drug prescription. Moreover, some additional 

strategies should be introduced to monitor compliance and response effect in these patients.  

Comparison of mean FPG and RBG in T2DM cases and controls showed significant 

difference in mean concentration of these parameters in both groups. Pearson’s correlation 

analysis showed that both FBG (r = - 0.137, p = 0.15) and RBG (r = - 0.238, p = 0.025 

were negatively interrelated to mean vitamin D levels in T2DM cases only. This finding of 

ours is comparable with previously published reports in this region. Significantly higher 

proportions of vitamin D deficient patients in hyperglycemic group compared with 

normoglycemic group were found in 168 T2DM patients recruited from Karachi (Bashir et 

al. 2016). Similarly , a small report by Magsi et al., inverse interrelations was exhibited 

amongst FBG and levels of 25-OH-D3 in a Pakistani populace evaluating 86 T2DM cases 

(Magsi et al. 2014). Lately, Rafiq et al. presented in their meta-analysis that sub-optimal D 

is linked with hyperglycemic state both in patients with diabetes as well as  non-diabetic 

controls  (Rafiq and Jeppesen 2018).   

In glycemic management of T2DM patients , the primary goal is to maintain optimum 

glucose concentrations in order to avoid long-term microvascular (diabetic retinopathy, 

diabetic nephropathy, and diabetic neuropathy) and macrovascular complications 
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(coronary artery disease, peripheral vascular disease, cerebrovascular disease) (Maji 2004). 

Glycosylated hemoglobin  (HbA1C) is the gold standard indicator widely used as 

biomarker for displaying control of glycemia in diabetes mellitus cases (Sato 2014). 

Therefore, we used HbA1C (%) to define glycemic status (good glycemic control < 7.0 %, 

poor glycemic control ≥ 7.0 %) and conceived its relationship with hypovitaminosis D in 

T2DM patients.  

Significantly lower vitamin D levels (19.4±10.1 vs. 27.0±9.8, P <0.001) and high 

hypovitaminosis D proportions (58.7% vs. 30.6%; p=0.002) were evident in cases with 

poorly controlled glycemic state as opposed to cases with proficiently controlled glycemia. 

Moreover, along with negative correlation 5-fold increased risk of hypovitaminosis D was 

evident in cases bearing inefficiently controlled glycemic state (Iqbal et al. 2016). Similar 

inverse interrelationship amongst  25-OH-D3 and HbA1C levels has been displayed in 

numerous other observational investigations of European origin (Hutchinson et al. 2011, 

Kajbaf et al. 2014, Zoppini et al. 2013, Minambres et al. 2015, Tahrani et al. 2010, 

Kostoglou-Athanassiou et al. 2013, Kositsawat et al. 2015). However, limited data is 

available from a few Asians countries such as Egypt (AL-Refai and Tawfeeq 2013) and 

Lebanon (Ahmadieh et al. 2013).  

Extensive research data presented a negative interrelationship amongst 25(OH)D levels 

and HbA1C in T2DM patients suggesting that supplementations of vitamin D should 

improve state of hyperglycemia in these patients. Nonetheless, supplementation trials for 

vitamin D failed to provide desired progresses relevant to achievement of sufficient 

glycemic control. For instance, A meta-analysis covering data of 15 vitamin D-trials 

concluded that D3 supplements were ineffective to lessen the HbA1C levels in T2DM cases 

(George, Pearson, and Witham 2012), although this systemic review and meta-analysis 

included only four studies in which HbA1C levels were measured to define glycemic 

management. Another trial showed no interrelationship of D3 supplementation and 

subsequent improvement of HbA1C as well as  FPG levels in T2DM patients (n=16) except 

improvement of insulin secretion in these patients (Kampmann et al. 2014). On the other 

hand , an interventional trail conducted on T2DM patients concluded that combined  

vitamin D and calcium replacement therapy resulted in significant reduction in HbA1C 

levels (Sabherwal, Bravis, and Devendra 2010). Besides this, supplementation with 
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vitamin D3 has also been linked with worsening of glycemic control in three British Asians 

with non-insulin dependent T2DM (Taylor and Wise 1998). In a case-control study, Sheth 

et al. also reported dearth of an association amongst hypovitaminosis D and HbA1C in 

T2DM patients in a western Indian population. Although, in their study most of the study 

subjects were exhibiting vitamin D deficiency (95.1%) than  sufficiency (4.8%) and with 

averaged age of 57 years compared to 49 years in this study and the plausibility that this 

interrelation of 25(OH)D levels and poor glycemic control may perhaps be affected by 

oldness in certain population cannot be overlooked (Sheth et al. 2015a). A study by Mehta 

et al. lend support to this notion who were ineffective to identify an interrelationship 

amongst 25(OH)D and HbA1C levels in elderly T2DM patients residing in nursing homes 

(Mehta et al. 2014).  

The possible mechanistic approach of vitamin D for improving glycemic control include: 

(1) improvement in glucose-mediated insulin secretion and β-cell survival ; (2) 1, 

25(OH)2D3 mediated transcriptional regulation of insulin receptor gene which ultimately 

enhances the insulin secretion 3) regulation of extrinsic calcium as well as calcium influx 

across beta-cell ; and (3) prevention of pancreatic beta-cell death from cytokines due to 

prevailed inflammatory state (Pittas et al. 2007).   

 Diabetic patients are more prone to developing cardiovascular diseases (CVD) compared 

to general population because prolonged chronic hyperglycemic state can cause their 

arteries to become narrow and or loose elasticity (Low Wang et al. 2016). Therefore, along 

with hypoglycemic agents and life style modifications , diabetic patients are often 

prescribed statins (lipid lowering drugs) to maintain their lipid levels within normal range 

; particularly LDL cholesterol (Mazhar 2017). However, prolonged use of statins may 

cause hepatotoxicity. In addition, both cholesterol and vitamin D metabolism have a 

common metabolic pathway, therefore,  it is conceivable that long-term statins use will not 

only preclude biosynthesis of cholesterol but concomitantly decrease 7-dehydrocholestrol 

(7-DHC) level, a precursor for vitamin D3 , thus reducing vitamin D levels in body (Mazhar 

2017). Nevertheless, insignificant difference was found in 25-OH-D3 levels amongst cases 

with profiles of statins-intake as well as non-intake in this population of T2DM patients 

(Iqbal et al. 2018). The present result is in line with preceding reports that statin treatment 

showed no changes in serum levels of vitamin D (Rejnmark et al. 2010, Mazidi et al. 2016). 



 

70 
 

Contrarily,  some small reports from other investigators revealed increased vitamin D 

levels with statin treatment in different populations of world (Sathyapalan et al. 2013, 

Perez-Castrillon et al. 2007, Taner et al. 2011, Yavuz et al. 2009, Ott et al. 2013). However, 

studies carried out on a small sample size could be confounded by limitations and may 

perhaps lead to overestimation of effects of statins treatments on levels of 25-OH-D3, and 

thus, any substantial conclusion was difficult to be derived. Maybe, this could be the reason 

that latest investigations on this pleiotropic impact of statins were ineffective to 

demonstrate any substantial increment in vitamin D levels (Mazidi et al. 2016, Anagnostis 

et al. 2014, Sahebkar et al. 2017). All these evidences strengthen our findings of dearth of 

an affiliation among use of statins and levels of 25-OH-D3 in cases of T2DM. Moreover, 

to attain decisive evidence concerning the association of use of statin with levels of 25-

OH-D3 in South Asians, prospective, randomised, placebo controlled and double blinded 

multi-centric clinical trials with large sample size would be warranted.  

In present study, hypovitaminosis D has shown significant association with glycemic 

indices such as plasma glucose concentration, HbA1C and lipid metabolism related factors 

in T2DM cases. Therefore, considering VDBP’s impact in vitamin-D pathway and 

previously reported association of VDBP gene polymorphism with T2DM in certain 

populations, VDBP gene polymorphisms in 165 T2DM cases and 165 age and gender-

matched healthy subjects were investigated as well as their influence on levels of vitamin 

D and T2DM in inhabitants of Pakistan.  

Frequencies of GC 1-2 genotype (49.7% vs 38.8 %) and GC 1s-2 diplotypes (35.2% vs. 

27.9%) were higher in T2DM cases as opposed to normal controls. GC genotypes 

comparison using conditional logistic regression analysis revealed that GC 1-2 genotype is 

interrelated with enhanced susceptibility of developing type 2 diabetes mellitus in this 

population (Iqbal et al. 2017). However lately, moderate interrelation of VDBP genotypes  

with enhanced risk of developing T2DM was predicted by meta-analysis report, 

particularly in South Asians (Wang et al. 2014). This meta-analysis could only include 

three studies from South Asia, 2 from China (Shao et al. 2012) and 1 from Japan (Hirai et 

al. 1998a). Apart from these studies, no other reports are available from South Asia on 

association between VDBP gene polymorphism and T2DM.  
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To the best of our understanding, this is the first ever report from Pakistan revealing 

interrelation between VDBP genotypes and T2DM. Moreover, besides previously 

observed moderate association, we found 3-fold intensified susceptibility of evolving 

T2DM with GC 1-2 genotype compared with GC 1-1 genotype (the most prevalent 

genotype). Contrary to our results , no relationship have been found between VDBP 

genotypes and T2DM in some populations , particularly Americans from European origin 

(Klupa et al. 1999), French Caucasians (Ye et al. 2001), Polish population (Malecki et al. 

2002). This discrepancy between South Asians and Caucasians might be explained by 

considering T2DM as an ailment having diversified distribution of VDBP variants amongst 

inhabitants of diverse race-related, ethnological and geographical background. 

 In previous years, VDBP polymorphisms were investigated in relation to glycemic indices 

such as FBG, HbA1C, Insulin levels and HOMA-IR, however, we found no association of 

VDBP genotypes and diplotypes with BMI, waist circumference, FBG, RBG, HbA1C, 

Insulin levels and HOMA-IR in both T2DM patients and healthy controls. Although, 

slightly increased FBG and RBG levels were found in GC 1-2 genotypes and GC 1s-2 

diplotypes compared to other genotypes and diplotypes, but the difference was 

insignificant. Contrary to our results, FPG but not plasma insulin levels were varied across 

GC genotypes in 468 Hispanic-Americans and Anglos from southern Colorado state  

displaying optimum glucose tolerance at basal (Iyengar et al. 1989). In another study from 

Dogrib Indians (n=144), GC 1f-1f diplotypes were found to have lowest mean 

concentrations of fasting plasma insulin compared with other genotypes and diplotypes 

(Szathmary 1987). VDBP genotypes were linked with oral glucose tolerance in non-

diabetic Pima people (Baier et al. 1998).  In a Japanese population (n= 82) with normal 

glucose tolerance at baseline, fasting insulin and HOMA-IR were varied across GC 

diplotypes. Moreover, levels of fasting plasma insulin were higher in carriers of GC 1s-2 

and GC 1s-1s diplotypes compared to GC 1f-1f. However, no significant difference was 

found for FPG, BMI, total Cholesterol, TG and blood pressure (Hirai et al. 2000a).  

The underlying mechanism that can link VDBP gene polymorphism and T2DM remains 

unclear. Although, some plausible mechanisms do exist such as: (1) VDBP variants have 

an influence on vitamin D related compounds, thus affecting the quantity and action of D3 

which in turn could affect insulin releasing mechanism in β-cell; (2) Alternatively, Fatty 
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acids (FA) , can serve as a ligand for VDBP and might induce cause anomalies in beta-cell 

if available in huge concentration in the pancreases (White and Cooke 2000, Ayvaz et al. 

2002); (3)  VDBP-MAF (macrophage-activating factor) is crucial to the functioning of . 

Numerous cytokines , for instance the NFKB, can play substantial roles in insulin 

sensitivity(White and Cooke 2000) ; (4) the interrelation amongst VDBP gene variants and 

T2DM is irrelevant to functional variations in VDBP gene, but related to discrepancy in a 

gene that is sternly associated to chromosome 4q12 (Yu et al. 2018).  

Literature suggest that GC 1-1 genotype carriers shows highest,  GC 1-2 carriers exhibits 

intermediary whereas  GC 2-2 carriers have least concentrations of 25(OH)D  (Lauridsen, 

Vestergaard, and Nexo 2001). Similar trend was observed with respect to vitamin D levels 

across GC genotypes and diplotypes in both T2DM cases as well as controls, though, the 

variance remained insignificant. Recently, GC gene variants has been emerged as 

predictors of vitamin D levels in Chinese population, their GC 2-2 carrying individuals had 

lowest vitamin D levels (Li et al. 2014, Robien et al. 2013). Our results also showed that 

GC 2-2 individuals in both T2DM patients and healthy controls had lowest level of vitamin 

D. However, the exact mechanism which could relate GC variants to T2DM is still unclear. 

Long-term vitamin D deficiency amongst VDBP variant allele carriers may have an 

adverse effect on heath, making them more susceptible to external risk factors.  

T2DM is a multifaceted metabolic disorder develop through nutritional , ecological and 

genetic  Genome Association Studies (WGAS) have discovered that genetic variants in 

more than 60 gene loci have been linked with T2DM. We anticipated that GC gene variants 

also appear to have a role in T2DM in Pakistani population along with six novel T2DM 

susceptibility loci found in South Asian ancestry (Kooner et al. 2011). Based on our 

finding, it is speculated that those carrying GC 1-2 genotype in Pakistani population are 

more vulnerable to the action of classical risk factors for T2DM including age , gender , 

malnutrition, obesity; particularly central obesity, family history, dyslipidemia, 

psychological stress, smoking, inflammation, abnormal glucose tolerance and sedentary 

life style making them more susceptible to develop this disease (Shera, Jawad, and 

Maqsood 2007, Jiang et al. 2013).  
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VDBP expression in this population is significantly upregulated in T2DM patients and can 

be correlated with complications leading to diabetic nephropathy(Fawzy and Abu AlSel 

2018). In addition, the aberrant effect could be due to increase phosphorylation of  VDBP 

(Chou et al. 2015). Upregulated expression of serum VDBP in microalbuminuric type 2 

DM patients also observed (Cho et al. 2007). Interestingly in T1DM on the contrary to 

T2DM, increased urinary excretion of VDBP with no significant change in serum VDBP 

levels in T1DM patients have been observed (Thrailkill et al. 2011). Another report 

displayed decreased serum VDBP levels in T1DM patients  (Blanton et al. 2011b). 

The functional mechanism behind increased expression of VDBP levels could be as a 

compensatory mechanism as previously speculated (Kalousova et al. 2015). VDBP 

performs various other essential metabolic and immunological roles in addition to vitamin 

D transport and acting as its reservoir (Haddad 1995). For instance, low grade systemic 

inflammation is one of the hallmark of T2DM (Lowe et al. 2013) and it could be considered 

that VDBP is increased in response to prevailing pro-inflammatory state. Moreover, 

hyperglycemia mediated increased VDBP expression is another plausibility (Chou et al. 

2015). Vitamin D and its metabolites circulates bound to VDBP approximately 90% of the 

times. Thus, with our observed increased expression of VDBP and increased total 

25(OH)D levels (21.67±10.7 in T2DM patients versus 16.70±11.3 in healthy controls; 

p<0.001) (Iqbal et al. 2017) , it  can  be speculated that a predominant quantity of 25-OH-

D3 circulates in conjoined form with VDBP and a low free fraction of vitamin D was 

available in diabetic patients compared to control. Although, 25-OH-D3 is the predominant  

form of vitamin D  in circulation and clinically utilized to assess vitamin D status , being 

considered as a biological marker, however, it cannot elicit biological response (Chun et 

al. 2014). Therefore , intensified VDBP concentrations might induce  functional vitamin D 

deficiency regardless of sufficient levels of 25(OH)D in T2DM patients (Havens et al. 

2013). Thus , due to low availability of  biologically active form, plausible glucose-

mediated insulin secretion mechanisms are hampered in this diabetic population (Norman 

et al. 1980). Our data emphasized that just measuring levels 25-OH-D3 will inaccurately 

define vitamin D status, particularly in T2DM cases. Therefore, it is recommended that in 

conditions where VDBP expression is altered, VDBP , 1, 25(OH)2D3 levels as well as 
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levels of  25-OH-D3 ought to be quantified concomitantly to accurately define vitamin D 

status so that therapeutic interventions can be implemented to attain sufficient levels. 

This study had several strengths, including a reasonable sample size to examine the 

interrelationship amongst GC genotypes and T2DM. Likewise, counterparts of T2DM 

cases were selected as healthy subjects (age and gender-matched controls) at the time of 

enrollment which in turn eliminated two potential confounders (age and gender). 

Furthermore, conditional logistic regression analysis was utilized to achieve Matched Odds 

Ratio (MOR), estimating the odds ratio for matched pairs. Hypovitaminosis D, glycemic 

indices, VDBP gene polymorphisms (rs7041 and rs4588), VDBP expression were 

cumulatively studied so that any interaction between these can be evaluated simultaneously 

in T2DM cases and normal subjects. 

The present study had certain limitations as well such as dietary factors were not assessed 

in recruited participants. We collected blood samples throughout the year and the samples 

could not have been distributed with respect to seasons. Majority of the study participants 

were from urban areas and thus the findings cannot be generalized. We quantified 

25(OH)D levels based on an immunoassay method which is less sensitivity compared to 

HPLC, LC-Ms or MS methods. 1,25(OH)2D3 levels were not estimated, which, if were 

analyzed could have provided us better picture of functional vitamin D status in both 

T2DM cases and normal subjects. Moreover, HOMA-IR were not determined in T2DM 

patients due to which interrelationship amongst sub-optimal D and insulin resistance 

couldn’t be considered. Furthermore, being a cross-sectional study, cause and effect 

interrelationship might not be determined. 

Regardless of afore-mentioned limitations, data from present study enabled to report dearth 

of an interrelationship between hypovitaminosis D and T2DM due to increased frequencies 

of vitamin D deficiency in T2DM patients and controls. Furthermore, we have also reported 

association between lower income and hypovitaminosis D in healthy controls. We have 

also shown hypovitaminosis D as determinant of glycemic control in T2DM cases. The 

data did provide evidence regarding the association between GC 1-2 genotype and 

increased susceptibility of developing T2DM in inhabitants of Pakistan. We have also been 

able to report dearth of an interrelationship between glycemic indices and VDBP genotypes 
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and diplotypes both in T2DM cases and normal subjects. The evidences also exhibited 

upregulated expression of VDBP in T2DM patients. As far as we know, this is the foremost  

research study from Pakistan in which  several factors have cumulatively been studied in 

relation with hypovitaminosis D in T2DM patients and their respective age and gender-

matched healthy controls. Moreover, no other report from Pakistan have shown association 

between VDBP gene polymorphisms and T2DM. Similarly, upregulated expression of 

VDBP in T2DM patients have never been reported from Pakistan.  

 

 

Conclusion  

This study presented remarkably high prevalence (61.2%) of vitamin D deficiency in study 

population, endemic in both T2DM patients (52.7%) and healthy controls (69.7%), 

therefore, association between hypovitaminosis D and T2DM cannot be observed. 

Hypovitaminosis D appeared to be predominant in males compared to females. Present 

study showed 2.24-folds higher chances of exhibiting hypovitaminosis D in healthy 

controls with lower monthly income. BMI and abdominal obesity were higher in T2DM 

patients; though, no relationship of vitamin D deficiency with obesity was found. T2DM 

patients living a sedentary life style and not working out daily or smokers had lower 

vitamin D levels. In T2DM patients, 25(OH)D levels were exhibiting  inverse correlation 

with FBG as well as RBG. This study indicated that T2DM patients with hypovitaminosis 

D are 5-times more likely to have poorly controlled glycemia and diabetic patients were 

devoid of an interrelationship between use of statins and 25(OH)D levels. 

This study provides evidence in support of our hypothesis that polymorphisms in VDBP 

gene are interrelated with T2DM in a Pakistani populace. This study showed that 

individuals with GC 1-2 genotype had 3-folds higher risk of developing T2DM than other 

genotypes. In our population, GC 1-1 genotype carriers had highest, GC 1-2 genotype had 

intermediary, while in GC 2-2 genotype had 25(OH)D levels in least amounts. There was 

a dearth of an interrelationship amongst vitamin D levels and GC genotype and diplotypes. 
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Individuals with GC 1-2 genotype and GC 1s-2 diplotype showed higher FPG and RBG 

levels. However, no association between VDBP genotypes and diplotypes with glycemic 

indices (FPG, RBG, HbA1C, fasting insulin and HOMA-IR) was presented in both the 

studied groups, and in T2DM cases VDBP expression was upregulated than in healthy 

controls. 

Future directions  

Since hypovitaminosis D is identified as determinant of glycemic control in T2DM cases 

in a Pakistani population, it demonstrates the plausible capacity of vitamin D 

supplementation in improving hyperglycemia in these cases. Therefore, there remains a 

dire need of large intervention trials those can validate potential influence of D3 

supplementation in reducing diabetic complications. 

Association of VDBP genotype with increased susceptibility of developing T2DM patients 

should be assessed in all 4 provinces and data should be gathered both from urban as well 

as non-urban areas of Pakistan so that conclusive evidences can be achieved concerning 

the role of VDBP gene polymorphism and T2DM in Pakistani population.  
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