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ABSTRACT 

 
 

Epidemiological study suggests that both cardiometabolic disorders and deficiency of vitamin D 

are prevalent in all over global region especially in South Asian countries like India and China. 

Within India, cardiometabolic disorders and vitamin D deficiency are prevalent in Ahmedabad 

region of Gujarat. Previous reports suggested the pathophysiological link between the vitamin D 

status and the occurrence of cardiometabolic syndrome. The objectives of the research were to 

evaluate the vitamin D levels in the patients with cardiometabolic disorders and to study the 

effects of vitamin D (cholecalciferol) supplementation on cardiometabolic disorders with 

deficiency of vitamin D. The study was executed as an open-block randomized-parallel-

prospective design at Tej Hospital, Ahmedabad, Gujarat. The dosage schedule of cholecalciferol 

supplementation was 60,000 IU/ weekly for 4 weeks of loading dose and then maintenance dose 

of 60,000 IU per month for 12 months. Our results reported that supplementation of vitamin D 

causes significant reduction in systolic blood pressure (SBP) at both 6 and 12 months and also 

significant reduction in triglycerides (TG),very low density lipoprotein (VLDL), fasting blood 

glucose (FBG), post prandial blood glucose (PPBG) and glycosylated hemoglobin ( HbA1c) with 

significant amelioration in 25(OH)D level in vitamin D group at 12 months when compared with 

non-vitamin D group .Our findings reported that deficiency of vitamin D may be a vital risk factor 

for cardiometabolic disorders and the dosage schedule of cholecalciferol supplementation can 

maintain sufficient 25(OH)D level at 12 months which eventually causes improvement in patients 

with cardiometabolic disorders. 

   Key words: Cardiometabolic Disorders, Vitamin D, Gujarati, Ahmedabad, Clinical Study 
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CHAPTER- 1 

                           Introduction 

1.1       Description on the state of art of the research  

Cardiometabolic syndromes are the assemblage of metabolic dysfunction characterized by 

insulin resistance and impaired glucose tolerance, atherogenic dyslipidemia, hypertension and 

intra-abdominal adiposity [1.1]. Cardiometabolic disorders are comprises of type 2 diabetes 

mellitus, cardiovascular disease and metabolic syndrome [1.2]. Type 2 diabetes is the most 

widely recognized kind of diabetes, representing around 90%, of cases of all diabetes [1.3]. 

Hyperglycemia is caused by inadequate of insulin synthesis and the body's inability to respond 

entirely to insulin, which is known as insulin resistance in type 2 diabetes [1.3]. Insulin 

resistance causes insulin to be inefficient, which causes a rise in insulin output to lower rising 

glucose levels [1.3]. However, with time, a state of relative insufficient insulin production can 

evolve. Type 2 diabetes is more common in older adults, although it is becoming more common 

in teenagers and younger adults as obesity, physical inactivity, and poor diet become more 

prevalent [1.3]. Diabetics are most likely to have cardiovascular disease (CVD) [1.3]. High 

blood glucose levels can trigger the blood coagulation system, raising the risk of blood clots 

[1.3]. Diabetes is linked to elevated blood pressure and cholesterol, which raises the likelihood 

of cardiovascular risks including angina, coronary artery disease (CAD), myocardial infarction, 

stroke, peripheral artery disease (PAD), and congestive heart failure [1.3]. In 2016, the 

International Diabetes Federation (IDF) released a systematic study on diabetes and 

cardiovascular disease epidemiology [1.3], people with diabetes are 2 to 3 times more likely to 

have cardiovascular disease (CVD) than people without diabetes [1.3]. Asian Indians have a 
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distinct "atherogenic dyslipidemic profile" as well as a "South Asian phenotype" which has high 

tendency to cause cardiometabolic disorders [1.4]. Insulin resistance was found in about 30% 

of Asian Indian children and young people, and all of them had cardiometabolic 

disorders symptoms [1.5]. Moreover, studies reported that there are prevalence of 

cardiometabolic disorders among Ahmedabad population [1.6] and Gujarati ethnic group [1.7]. 

Approximately 25% of world’s adults are in grief from cardiometabolic disorders [1.1]. 

Cardiovascular diseases are the major cause of mortality in the diabetic patients [1.8].  

Vitamin D is a fat-soluble secosteroid hormone which is responsible for intestinal absorption of 

calcium and phosphate [1.9]. Vitamin D has a significant role in cancer, autoimmune diseases 

and cardiovascular diseases apart from skeletal benefits [1.9]. 25(OH)D is considered to be the 

best indicator of vitamin D storage because of its half-life (2-3) weeks is much greater than that 

of 1,25(OH)2D (8-12 ) hour [1.10]. The circulating concentration of 25(OH)D is expressed in 

nanogram per milliliter or nanomol per litre [1.9,1.11].  In accordance to North American 

Institute of Medicine (IOM), it is reported that levels below 30 nmol/l is considered to be vitamin 

D deficient, between (50-125) nmol/l is considered to be adequate, between (30-49.9) nmol/l is 

considered to be inadequate, levels excess of 125nmol/l is potentially harmful (divide by 2.496 

to convert into ng/ml)  [1.11]. Vitamin D deficiency is prevalent global wide [1.2]. One study 

reported that severe vitamin D deficiency is widespread in South Asian countries and Middle 

Eastern countries [1.12]. 90 percent of the Indian population have vitamin D deficiency 

according to the report [1.12]. Wang et al reported in his review article that vitamin D deficiency 

is prevalent among any age groups, children, adult males and females, pregnant women 

including their neonates in Indian population [1.12]. Most vitamin D deficient population comes 

majority under infants, elder people, dark skin people, fat and intestinal malabsorption syndrome 

patients, obese people, pregnant women, people residing at high latitudes category [1.13].  

Vitamin D deficiency is prevalent across sufficient sunshine as well as insufficient sunshine 

country [1.14].  The reasons of vitamin D deficiency in India may be due to indoor activity, low 

vitamin D fortified foods intake, higher range of skin pigmentation and also application of 

sunscreen, cultural practices [1.14]. 
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Literature review revealed about the reason for racial difference in vitamin D deficiency. The 

possible reason may be the genetic polymorphisms in vitamin D binding protein gene [1.15] 

which may lead to vitamin D deficiency among different ethnic group. 

Discovery of vitamin D receptors (VDRs) in majority of human tissues and cells, including 

cardiomyocytes, endothelial cells, and arterial smooth muscle cells which may define the role 

of vitamin D on cardiometabolic disorders [1.16,1.17] Numerous studies including both 

observational and interventional studies reveals that there is pathophysiological association 

between vitamin D deficiency and cardiometabolic disorders [1.18]. Vitamin D may defend 

against cardiometabolic disorders by attenuation of the renin-angiotensin system, enhancing 

endothelial function, improvement of insulin sensitivity and secretion and suppressing 

inflammatory cytokines [1.19]. Furthermore, Parker et al suggested that maintaining higher 

vitamin D level may help in preventing cardiometabolic disorders [1.2]. 

According to survey report which revealed that approximately 85% of Ahmedabad population 

have vitamin D deficiency [1.9] and also there is very much prevalence of vitamin D deficiency 

among Gujarati ethnicity which is approximately 66% especially among type 2 diabetes mellitus 

patients [1.20]. The study reported that overall, 62.8% had obesity,42.8%had high BP,18.2% 

had high FPG, 48.8% had low HDL, 14.2 % had high TG in Ahmedabad population [1.6]. 

Furthermore, Jain etal reported that in Gujarati ethnicity there is high prevalence of 

cardiometabolic disorders in adult males (65.4%) and females (34.6%) at Ahmedabad [1.36]. 

These reports encouraged us to conduct the study among Gujarati ethnic group of Ahmedabad 

region for the effect of vitamin D supplementation on cardiometabolic disorders. 
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1.2 Rationale of the project 

In the last few decades, therapies for cardiometabolic diseases have improved but still there is 

need for new insights to curb the progression of this diseases. Epidemiological studies reported 

that vitamin D deficiency and cardiometabolic disorders are prevalent worldwide [1.2]. 

Cardiometabolic disorders and Vitamin D deficiency are very much prevalent in the countries 

like India [1.4,1.12]. According to the reports of International Diabetes Federation 2017, 

Diabetes and Cardiovascular diseases are top 10 causes of death globally [1.3]. South Asian 

countries like India and China are very much affected due to this [1.3]. Considering this fact, if 

left untreated or progresses, this disease may cause huge socioeconomic burden in India.  So, 

new approach of treatment aspects is necessary to prevent the growth of cardiometabolic 

disorders. 

Researches showed that maintaining higher vitamin D level {25 (OH)D} may provide 

prevention from cardiometabolic disorders [1.2] and on the other side it is also reported vitamin 

D deficiency as a potential factor for cardiometabolic disorders [1.19]. Animal studies provide 

strong evidence that vitamin D is inversely related with cardiometabolic disorders 

[1.21,1.22,1.23]. So, literature reports indicates that by improving vitamin D status may be 

helpful in treating cardiometabolic disorders. It also gives an intriguing notion regarding the use 

of vitamin D supplementation on cardiometabolic disorders.  

Up to date, clinical trials have been conducted to study the effect of vitamin D supplementation 

on cardiometabolic disorders [1.24-1.27,1.28,1.29,1.19,1.30,1.31] but results from the trials 

were found to be inconsistent. Barale et al in his clinical trial showed that in patients with poorly 

controlled type 2 diabetes mellitus and vitamin D deficiency, a 1-year vitamin D 

supplementation helps to regain vitamin D status and also helps in amelioration of fasting blood 

glucose (FBG), glycated haemoglobin (HbA1c), systolic blood pressure (SBP), and high-

density lipoprotein cholesterol (HDL) levels significantly [1.24]. Rashad et al reported that 

improvement in cardiometabolic and androgenic profiles happens following the vitamin D 

supplementation for 12 weeks [1.25]. Mousa et al suggested that vitamin D may help in 

enhancement in adipokines level in adults with vitamin D deficiency [1.26]. Ferreira also 
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reported amelioration of metabolic profile following the vitamin D supplementation for 9 

months [1.27]. Kuchay et al.[1.32] reported that the treatment of vitamin D supplementation 

(60,000 IU) for 1 year period significantly decreased the glycemic parameters (FBG, post 

prandial blood glucose {PPBG}, HbA1c) in Kashmiri population. Fatemeh et al.[1.33] reported 

that the supplementation of vitamin D (1000 mg capsule) for 1 month in healthy school children 

significantly improved the HDL level. Pfeifer et al. [1.34] showed the significantly reduction of 

blood pressure by vitamin D supplementation in the elder women. On the contrary Rashidi et al 

[1.28], Ramly et al [1.19] Ryu et al [1.30] and Wood et al [1.31] reported in their clinical study 

that there was no significant effect of vitamin D supplementation on the cardiometabolic 

disorders. Despite of the strong findings of correlation between vitamin D and cardiometabolic 

disorders, interventional studies have not found any sufficient evidence to clarify the link 

between vitamin D and cardiometabolic disorders. Therefore, there is lack of evidences for the 

effect of vitamin D on the cardiometabolic disorders and also causality relationship between 

vitamin D and cardiometabolic disorders is not evident. So, systematic clinical study is 

warranted. However, researchers [1.24,1.25,1.26] reported great potential of vitamin D 

supplementation in treating patients with cardiometabolic disorders. Moreover, one study [1.35] 

reported that there was variation in the effect of vitamin D as per the race/ethnicity group.  

Independent studies have reported that Gujarati ethnicity [1.20,1.7] and Ahmedabad's 

population [1.9,1.6] have a high incidence of both vitamin deficiency and cardiometabolic 

disorders. Therefore, we have selected the Gujarati ethnic group those residing at Ahmedabad, 

Gujarat, India. Till date, systematic clinical study for the effect of vitamin D supplementation 

in the patients of Gujarati ethnicity with cardiometabolic disorders is not yet been conducted at 

Ahmedabad/Gujarat. 
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1.3       Objectives 

Based on the rationale of the study, we have aimed the following objectives: 

i. To evaluate the vitamin D levels in the patients with cardiometabolic disorders in 

Gujarati ethnicity of Ahmedabad region. 

ii. To study the effect of vitamin D supplementation in the patients with    

cardiometabolic disorders in Gujarati ethnicity of Ahmedabad region. 
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CHAPTER- 2 

             LITERATURE REVIEW 

2.1       Cardiometabolic disorders 

Cardiometabolic syndromes are the assemblage of metabolic dysfunction characterized by 

insulin resistance and impaired glucose tolerance, atherogenic dyslipidemia, hypertension and 

intra-abdominal adiposity [2.1]. Cardiometabolic syndromes are now accepted as a disease 

entity by the American Society of Endocrinology, National Cholesterol Education Program 

(NCEP), and World Health Organisation [2.1, 2.2]. Cardiometabolic disorders comprising of 

cardiovascular disease (CVD), type 2 diabetes mellitus (DM) and metabolic syndrome are major 

concerns for worldwide [2.3-2.5]. 

2.1.1 Type 2 diabetes mellitus and Cardiovascular diseases 

Type 2 diabetes is the most widely recognized kind of diabetes, representing around 90%, of 

cases of all diabetes [2.6]. Hyperglycemia is caused by inadequate of insulin synthesis and the 

body's inability to respond entirely to insulin, which is known as insulin resistance in type 2 

diabetes [2.6]. Insulin resistance causes insulin to be inefficient, which causes a rise in insulin 

output to lower rising glucose levels [2.6]. However, with time, a state of relative insufficient 

insulin production can evolve. Type 2 diabetes is more common in older adults, although it is
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becoming more common in teenagers and younger adults as obesity, physical inactivity, and 

poor diet become more prevalent [2.6]. Increased thirst, excessive urination, tiredness, slow-

healing wounds, chronic infections, and tingling or numbness in the hands and feet are all signs 

of type 2 diabetes [2.6]. While the causes of type 2 diabetes are unknown, there is a clear 

correlation with overweight and obesity, as well as rising age, race/ethnicity and family disease 

background. Abdominal obesity, inadequate diet and nutrition (including sugar-sweetened 

substances), physical inactivity, prediabetes or impaired glucose tolerance (IGT), smoking, and 

a previous history of Gestational Diabetes (GDM) are also modifiable risk factors of type 2 

diabetes mellitus [2.6]. Diagnosis of type 2 diabetes mellitus is very much complex and is still 

in worldwide debate. However, IDF recommends the following criteria for diagnosis of 

diabetes. Diabetes should be diagnosed if one or more of the following criteria are met: “Fasting 

plasma glucose ≥126mg/dl;2 hour plasma glucose ≥200mg/dl following a 75 g of oral glucose 

load; A random glucose>200mg/dl or Glycated haemoglobin (HbA1c) level ≥6.5%” [2.6]. 

Diabetics are most likely to have cardiovascular disease (CVD) [2.6]. Cardiovascular diseases 

(CVDs) are a constellation of syndromes of the heart and blood vessels which include coronary 

heart disease, cerebrovascular disease, peripheral arterial disease [2.6]. High blood glucose 

levels can trigger the blood coagulation system, raising the risk of blood clots [2.6]. Diabetes is 

linked to elevated blood pressure and cholesterol, which raises the likelihood of cardiovascular 

risks including angina, coronary artery disease (CAD), myocardial infarction, stroke, peripheral 

artery disease (PAD), and congestive heart failure [2.6]. In 2016, the International Diabetes 

Federation (IDF) released a systematic study on diabetes and cardiovascular disease 

epidemiology [2.6]. People with diabetes are 2 to 3 times more likely to have cardiovascular 

disease (CVD) than people without diabetes [2.6]. CVD prevalence rises with age and varies by 

country, with higher prevalence in low- and middle-income countries relative to high income 

countries [2.6]. 
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2.1.2 Epidemiology of Cardiometabolic disorders 

Approximately 25% of world’s adults are suffering from cardiometabolic disorders [2.1]. 16 % 

of world’s diabetic adult has cardiovascular events in high- and middle-income countries [2.6]. 

In Africa, the study reported that there is 80% prevalence of cardiometabolic disorders among 

diabetic individuals of Africa [2.7]. In Europe, study revealed that the prevalence of 

cardiometabolic disorders affected 68 percent of central Europe,50 percent of northwest 

Europe,60 percent of Atlantic European and 52 percent in Mediterranean regions [2.8]. In 

Middle east and North Africa, 39% prevalence of cardiometabolic disorders happened in 

Turkey, 16.1% prevalence of cardiometabolic disorders happened in Saudi Arabia, 45.5% 

prevalence of cardiometabolic disorders in Tunisia, 37.4% prevalence of cardiometabolic 

disorders among Iranians [2.9]. 11 % of adults had prevalence of cardiometabolic disorders in 

North America and the Caribbean [2.10]. 9.2% of adults were suffering from cardiometabolic 

diseases in Latin America [2.11]. In western pacific continent, according to International 

Diabetes Federation (IDF) Reports, 44.8% adults had diabetes in this part of the world [2.12]. 

In South East Asia, ,10.1% of the diabetic adult have cardiovascular diseases in the countries 

like India and China [2.6]. In India, the prevalence of cardiometabolic disorders is found to be 

30% among adult population [2.13].  

According to International Diabetes Federation, Diabetes and Cardiovascular diseases are the 

top 10 causes of death globally [2.6]. Cardiovascular diseases are the leading cause of morbidity 

and mortality in the diabetes [2.3,2.14]. 75% and 17% increase in mortality rate are found in 

diabetic adults and people with impaired fasting glucose respectively due to cardiovascular 

events [2.15].  
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2.1.3      Pathophysiology of Cardiometabolic disorders 

The origins of cardiometabolic disorders are from genetic predisposition, dietary factors and 

physical inactivity which causes abdominal obesity which is the common characteristic of 

cardiometabolic disorders [2.16,2.17]. 

 

 

 

FIGURE 2.1 Pathophysiology of cardiometabolic disorders. Adapted from [2.17]. 

Abnormal high visceral adipose tissue is known as visceral obesity, which is mainly responsible 

for cardiometabolic disorders [2.17]. Visceral fat is strongly associated with insulin resistance 

and cardiovascular diseases [2.17] Adipose tissue produces several proinflammatory cytokines 

which can cause insulin resistance [2.16]. Adipocyte derived proinflammatory cytokine like 

TNF-α (Tumor Necrosis Factor), by promoting adipocyte lipolysis and increasing 

serine/threonine phosphorylation of IRS-1 (Insulin Receptor Substrate-1) causes insulin 
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resistance in β-cells of pancreas [2.18]. IL-6 (Interleukin-6) derived from adipose tissue causes 

insulin resistance by reducing the expression of glucose transporter-4 (GLUT-4) and insulin 

receptor substrate-1(IRS-1) this happens due to the activation of Janus kinase-signal transducer 

and activator of transcription (JAK-STAT) signaling pathway and the increasing of the 

expression of suppressor of cytokine signaling 3 (SOCS3) [2.18]. IL-6 also causes insulin 

resistance by blocking the phosphoinositide 3-kinase (PI3K) pathway and impairing glucose 

synthesis [2.18]. IL-1β (Interleukin-1β) causes insulin resistance by impairing insulin signaling 

in macrophages and peripheral tissues which leads to reduced insulin sensitivity of β-cells and 

may be impaired insulin secretion [2.18]. Insulin resistance occurs from proinflammatory 

cytokines can predisposes to become Type 2 Diabetes Mellitus (T2DM). It has been 

hypothesized that elevated insulin level due to insulin resistance causes stimulation of 

sympathetic nervous system which in turn causes renal sodium retention which causes 

hypertension, the important risk factor for cardiovascular diseases [2.2]. Further it has been 

hypothesized that since Insulin is a mediator of anti-inflammatory and vasodilatory functions 

on the vasculature, so therefore in insulin resistance these functions got impaired which can lead 

to hypertension [2.2]. Increased sensitivity of visceral obesity to the lipolytic effects of 

catecholamines and glucocorticoids which facilitates the release of free fatty acids (FFA) in 

portal system which causes increases in hepatic triglycerides synthesis, low density lipoproteins 

(LDL) cholesterol, apolipoprotein B particles, plasma insulin levels by impairing first-pass 

metabolism of insulin by the liver , decreases high density lipoproteins (HDL) cholesterol which 

can turn causes dyslipidemia , which is another important risk factor of cardiovascular diseases 

[2.2]. FFA which causes lipotoxicity ultimately leads into non-alcoholic fatty liver disease 

(NAFLD) which can cause cardiovascular diseases [2.19]. FFA also tends to activate protein 

kinase C (PKC) which leads to disrupts insulin mediated PIK3 pathway which ultimately 

decrease in Nitric Oxide Synthase (NOS) activity [2.20]. This process tend to develop 

endothelial dysfunction. Leptin protein is derived from white adipose tissue [2.18]. Leptin 

mediated appetite and energy homeostasis are linked with the progression of insulin resistance 

[2.18]. Moreover, a state called leptin resistance which is found in obese individual have reduced 

serum leptin levels, mechanism involved in this that leptin causes stimulation of PI3K pathway 

for modulating glucose metabolism and the function of pancreatic β cells [2.18]. Increase in 

visceral obesity also causes the enhanced activity of RAAS (Renin Angiotensin Aldosterone 
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System) [2.2]. It has been postulated that elevation of angiotensinogen is mediated by 

overexpression of TNF-α, which is reported in obese persons [2.2]. Angiotensin II is postulated 

to act as growth factor for fat cells [2.2]. Elevation of angiotensinogen level in obese people 

ultimately causes increase in the activity of angiotensin II levels. Elevated angiotensin II levels 

cause the enhancement of the activity of sympathetic nervous system (SNS) and stimulate 

aldosterone production, which both leads to hypertension [2.2]. Further angiotensin II has been 

revealed to inhibit insulin signaling by suppression of PI3-kinase activity [2.2]. Angiotensin II 

enhances insulin mediated activation of mitogen activated protein kinase pathway and inhibits 

insulin mediated PI3-K pathway which can causes vascular constriction and insulin resistance 

which are important factors of cardiometabolic diseases [2.21]. The whole pathophysiology of 

cardiometabolic disorders is summarized in Figure 2.1. 

2.2 Treatment strategies for Cardiometabolic disorders 

Treatment strategies are required for the components of cardiometabolic disorders to prevent 

the mortality rate among patients. IDF recommends following treatment strategies for 

management of cardiovascular diseases, Blood glucose self-management must be balanced by 

the implementation of a healthier lifestyle, which includes limiting sugar, salt, and fat intake, 

increasing fruit and vegetable intake, increasing physical activity, quitting smoking, and 

avoiding heavy alcohol consumption. Furthermore, medicines such as glucose-lowering drugs, 

antihypertensives, statins, and aspirin are needed for tight regulation of metabolic parameters in 

patients with very high risk [2.6]. Cardiometabolic disorders can be prevented by a variety of 

nutritional causes. Olive oil, capsaicin, luteolin, curcumin, cinnamon, rosemary, and others are 

notable examples [2.22]. Lipid metabolism was improved by soy isoflavone, citrus foods, 

hesperidin, and quercetin [2.22]. Elevated blood pressure and high blood glucose were improved 

by cocoa supplementation [2.22]. Green tea, capsaicin can decrease BMI and waist 

circumference whilst also improving lipid metabolism [2.22]. In clinical trial, Galantamine 

proved to be potential compound for decrease in cardiometabolic disorders [2.22]. The most 

obvious focus on cardiometabolic disorders therapy is the abdominal obesity. The high 

prevalence of cardiometabolic disorders has been linked to an unprecedented rise in the number 

of people who are overweight or obese [2.23]. There is no gold standard therapy for the 
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treatment of this component for cardiometabolic disorders [2.23]. Lifestyle changes can be the 

better option for the treatment of abdominal obesity which include very low-fat diet, low 

carbohydrate diet and increase of physical activity [2.23]. Pharmacological therapy like 

metformin and acarbose are linked to weight loss [2.24]. Dysglycemia component of 

cardiometabolic disorders include impaired fasting glucose or impaired glucose tolerance or 

type 2 diabetes mellitus require special attention as mostly mortality happens from this 

component [2.3]. Clinical trials advocated the benefits of lifestyle modification which includes 

proper dietary intake (low fat, intake of fiber and low carb diet) and physical activity on impaired 

fasting glucose or insulin sensitivity [2.23]. Inclusion of pharmacological therapy can be helpful 

for prevent the complications arising from type diabetes mellitus [2.23]. Metformin drug will 

be helpful for the patients who are older in age or cannot perform exercise and strict diet 

practices [2.23]. Metformin showed improvement on FBG, plasma insulin levels and TC/LDL-

C levels in clinical trial [2.23]. Metformin therapy may be added for improvement on 

dysglycemia component along with the lifestyle modification, but research is still going on for 

the effect of Metformin drug on other components of cardiometabolic disorders [2.23]. 

Metformin and thiazolidinedione class of antidiabetic therapy has shown the improvements in 

patients with insulin resistance and also prevent the progression to type 2 diabetes mellitus 

[2.23]. Wagh et al suggests the promising role of peroxisome proliferator activator-γ receptor 

agonist class of drugs on dysglycemia component of cardiometabolic disorders [2.23]. 

Dyslipidemia is the most commonly component seen among people with cardiometabolic 

disorders [2.23].  Therapeutic diet and regular physical activity can be a good non-

pharmacological treatment for atherogenic dyslipidemia [2.23]. Pharmacological treatment is 

often prescribed for the individual’s risk of coronary heart diseases. Major class of medication 

used for dyslipidemia with other metabolic syndrome are 3-hydroxy-3-methylglutaryl 

coenzyme A (HMG CoA) reductase inhibitors like statins, fibrates like fenofibrate and niacin 

[2.23]. Drug of choice for lowering LDL cholesterol level, lowering TG level and raising HDL 

level are Statins, Fibrates and Niacin respectively [2.23]. Combination of statin to fenofibrate 

or niacin can give better results in treatment of patients with dyslipidemia and other components 

of cardiometabolic disorders [2.23]. There is evidence from the trials that drugs like Simvastatin 

and Gemfibrozil when individually administered can decreases the mortality event of 

cardiovascular diseases in diabetic patients [2.23]. Combination of statin-fibrate can be 
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beneficial to the patients of high risk of cardiovascular diseases [2.23]. Moderate doses of 

medication like niacin can be given to patients with good glycemic control [2.23]. Hypertension 

criteria with other cardiometabolic disorders can be treated with non-pharmacological therapy 

like vigorous exercise, restriction of salt and increase consumption of fruits and vegetables 

[2.23]. Pharmacological therapy in hypertension criteria with T2DM includes class of drug 

therapy such as angiotensin converting enzyme inhibitors (ACEI) and angiotensin receptor 

blockers (ARB) can be beneficial [2.23]. Both class of drugs also reduces cardiovascular 

mortality in T2DM patients [2.23]. Dapagliflozin along with dipeptidyl peptidase-4 inhibitors 

and glucagon like peptide 1 inhibitors can show beneficial effect on bodyweight and 

dysglycemia [2.25]. Treatment strategies explained by Castro et al are summarized in Table 2.1. 

 

 

 

 

TABLE 2.1 Treatment Strategies for Cardiometabolic disorders [2.2] 

Cardiometabolic conditions Treatment strategies 

Hypertension, especially elevation of SBP Physical activity, weight reduction, rigorous blood 

pressure control to< 130/80 mm Hg (with ACE inhibitors, 

ARBs, thiazide diuretics, adrenergic blockers, insulin 

sensitizers, calcium channel blockers) 

Dyslipidemia Physical activity, weight reduction, low cholesterol diet, 

HMG-CoA reductase inhibitors to LDL < 100 mg/dL 

Enhanced platelet aggregation Physical activity, weight reduction, antiplatelet therapy 

(ASA, ASA + dipyridamole, thienopyridines), insulin 

sensitization 

Dysglycemia Physical activity, weight reduction, glycemic control to 

HBA1c < 7.0 

Enhanced RAAS system activity Physical activity, weight reduction, ACE inhibitors, 

ARBs 

Endothelial dysfunction Physical activity, blood pressure control, glycemic 

control 

Abdominal Obesity Exercise (minimum of 20 minutes, 3 times/wk), weight 

reduction, behavioral modification 
ACE—angiotensin-converting enzyme; ARB—angiotensin receptor blocker; ASA—acetylsalicylic acid; HMG-CoA—β-

hydroxy-β-methylglutaryl coenzyme A; LDL—low-density lipoprotein; RAAS—renin-angiotensin-aldosterone system; SBP—

systolic blood pressure. 
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2.3 Vitamin D 

Vitamin D is a fat-soluble secosteroid hormone which is responsible for intestinal absorption of 

calcium and phosphate [2.26]. Extra skeletal benefits of vitamin D are on research everywhere 

in the world. Vitamin D has a significant role in cancer, autoimmune diseases and cardiovascular 

diseases apart from skeletal benefits [2.26]. There are mainly two forms of vitamin D in humans 

which are known as vitamin D2 (Ergocalciferol) and vitamin D3 (Cholecalciferol) [2.26]. 

Vitamin D2 is mainly obtained from plants origin (mainly mushroom and yeast) whereas 

Vitamin D3 is synthesized mainly in the skin when it is exposed to ultraviolet B rays from 

sunlight or from artificial food source such as fatty fish, eggs, and beef liver [2.26]. Although 

both forms have been reported to have similar molecular actions, cholecalciferol have been 

reported to be more potent then ergocalciferol in terms of bioavailability and maintenance of 

vitamin D status [2.27]. Deficiency of vitamin D causes rickets in children whereas in adults 

vitamin D deficiency causes osteomalacia [2.26]. 

2.3.1 Synthesis, metabolism and mechanism of action of Vitamin D 

 

 

 

FIGURE 2.2 Vitamin D synthesis [2.28] 
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Humans obtain vitamin D either through consuming vitamin D rich foods (oily fish and dairy 

products) or through the skin’s exposure to ultraviolet B radiation from sunlight [2.26]. 

Exposure of the basal and supra basal layer of the epidermis of the skin to UVB light at a 

wavelength of (290-315) nm which causes photolytic conversion of 10-15% 7-

dehydrocholesterol (7-DHC) into previtamin D3 [2.27]. Previtamin D3 undergoes non-

enzymatic thermal isomerization which is then converted to form biologically inactive vitamin 

D3 [2.27] . This metabolite is extracted by the liver to convert into calcidiol which is known as 

25-hydroxy vitamin D [25(OH)D] [2.26]. This 25(OH)D circulates in the blood stream , this 

specific metabolite is the determinant of person’s vitamin D status [2.26]. Vitamin D obtained 

from any sources can be stored in adipocytes or 25-hydroxylation process in liver [2.28]. This 

process is facilitated by 25 hydroxylases which are cytochrome P450 isoforms that include the 

microsomal CYP2R1 and the mitochondrial CYP27A1 enzymes [2.28]. Majority of 25(OH)D 

is bound to vitamin D binding protein, which is also called group specific component of globulin 

[2.28]. Vitamin D binding protein which is almost synthesized by the liver and a member of 

albumin gene family which is located on chromosome 4 have high sequence homology to 

albumin and α fetoprotein [2.28]. Vitamin D binding protein has anti-inflammatory and 

immunomodulatory functions which is independent of the carrier of vitamin D [2.28]. Further, 

in the proximal tubule of kidneys (predominantly occurs), it covert some amount of calcidiol 

into calcitriol which is called as 1,25 dihydroxyvitaminD by 1α-hydroxylation process which is 

the biologically active form of vitamin D [2.26,2.28]. Calcitriol also has high affinity towards 

vitamin D binding protein which is then act as ligand to activate vitamin D receptors (VDR) 

[2.28]. VDR is almost present in all human tissues, cell and organs including endothelial and 

arterial smooth muscle cells, pancreatic β cells, cardiomyocytes which led to the discovery of 

pleiotropic effects of vitamin D [2.29]. Calcitriol-VDR forms a heterodimer with retinoid X 

receptors which then act as a transcription factor that binds to vitamin D response elements 

(VDRE) in the promoter regions of target genes [2.28].  Calcitriol can act as a negative feedback 

loop to decrease its own synthesis and increases the expression of 25-hydroxyvitamin D -24 

hydroxylase (CYP24A1) which can catabolizes calcitriol into biologically inert agent calcitroic 

acid [2.28]. Synthesis of vitamin D is summarized in Figure 2.2. Calcitriol which act as hormone 

circulates in the blood in turn regulates the concentration of calcium and phosphate which 

ultimately promotes growth and remodelling of bones [2.26]. 
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2.3.2     Vitamin D status 

25(OH)D is considered to be the best indicator of vitamin D storage because of its half-life (2-

3)weeks is much greater than that of 1,25(OH)2D (8-12) hour [2.30]. The circulating 

concentration of 25(OH)D is expressed in nanogram per milliliter or nanomol per litre 

[2.26,2.31]. Up to date there is no clear concept of optimal levels of 25-hydroxyvitamin D as 

measured in serum [2.29]. However, based on the recent literature review and North American 

Institute of Medicine (IOM), it is reported that levels below 30 nmol/l is considered to be vitamin 

D deficient, between (50-125) nmol/l is considered to be adequate, between (30-49.9) nmol/l is 

considered to be inadequate, levels excess of 125nmol/l is potentially harmful (divide by 2.496 

to convert into ng/ml) [2.31].  Table 2.2 represents the vitamin D status. 

TABLE 2.2 Vitamin D Status [2.31] 

Vitamin D status ng/ml nmol/l 

Vitamin D deficiency <12 <30 

Vitamin D inadequate 12-19.9 30-49.9 

Vitamin D adequate 20-50 50-125 

Vitamin D intoxication >50 >125 

 

Since there are various differences in cut off levels of vitamin D status around the world it is 

very difficult to trace down the fact about the prevalence of vitamin D deficiency around the 

world [2.27]. Literature reported that statistically the cut off greater than 20ng/ml as sufficient 

which is appropriate for the needs of 97.5% of population [2.32]. The Endocrine Society Task 

Force recommended that 25(OH)D concentration should be >75nmol/l to execute beneficial 

effect of vitamin D on calcium, muscle and bone metabolism [2.27]. Study reported that the 

effect of vitamin D intervention on bone quality in elderly people suggested that at least 50 

nmol/l is required for adequate serum 25(OH)D level throughout the year for women aged above 

50 years and more and for men aged above 70 years and more [2.27]. However, there is lack of 

evidence supporting the level of >75nmol/l for higher serum 25(OH)D level is still unclear 

[2.27]. Extra skeletal benefits of vitamin D for 25(OH)D level is vary from disease to disease as 

Garland et al revealed that  serum concentration of 150-200nmol/l is necessary for to decrease 

cancer risk, Ginde et al suggested that protective benefits of vitamin D for upper respiratory 

tract infection is a serum concentration of 25(OH)D is >75nmol/l, Takiishi et al reported that 
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adequate concentration of vitamin D for decreasing insulin resistance has a serum concentration 

25(OH)D around 80- 119 nmol/l [2.27]. 

Nevertheless, it cannot be denied by the fact that around 1 billion populations are vitamin D 

deficient worldwide particularly with vitamin D deficient around 88% across all ages in India 

[2.33]. Most vitamin D deficient population comes majority under infants, elder people, dark 

skin people, fat and intestinal malabsorption syndrome patients, obese people, pregnant women, 

people residing at high latitudes category [2.27].  Vitamin D deficiency is prevalent across 

sufficient sunshine as well as insufficient sunshine country [2.34]. The reasons of vitamin D 

deficiency in India may be a) Indoor activity, which is mainly in urban population due to 

modernization, b) increase of population in the country can hamper the vitamin D synthesis in 

skin by UV, c) low vitamin D fortified foods intake, d) higher range of skin pigmentation and 

application of sun screen, e) cultural practices such as burqa and pardah system, f) Unplanned 

pregnancies in women with dietary deficit can cause the worsening of vitamin D status in both 

mother and the child [2.34]. 

2.3.3 Vitamin D toxicity 

Vitamin D toxicity can cause hyperphosphataemia and hypercalcaemia which ultimately leads 

to deposition of calcium in soft tissues [2.27]. It can occur by overdose of vitamin D [2.27]. 

Furthermore, hypercalcaemia is not observed with 25(OH)D concentration <500nmol/l [2.27]. 

2.4       Vitamin D formulations and recommendation 

Vitamin D3 in the forms of alfacalcidiol, calcitriol, and cholecalciferol are used in more than 99 

percent of vitamin D formulations. [2.35]. In Indian market most of the preparations contains 

vitamin D in the dosage strength of 60,000 IU which is usually prescribed for 6 to 8 weeks 

[2.35]. Tablets (51.1 %) and capsules (35.2 %) are the most typical oral administration of 

vitamin D formulations in Indian market [2.35]. Oral dosage in the form of drops is 

recommended to infants and teenagers [2.35]. Soft gelatin capsules, sachets and tablets are 

usually recommended to adolescents and adults [2.35].  Vitamin D formulation and dosage are 

summarized in Table 2.3. When lipid-based formulations (like soft gelatin capsules) are taken 

orally, they associate with gastric lipase, which starts the digestion process. Concurrently, 
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propulsion, scraping, and retropulsion in the stomach aid in the forming of crude emulsions, 

while pancreatic lipase with its cofactor digests the lipids in the small intestine. Lipolysis 

products are typically transported into epithelial cells in the form of mixed micelles, where 

chylomicrons and very low-density lipoprotein (VLDL) further promote absorption, whereas 

certain drug molecules primarily precipitate out after lipid digestion. After that cholecalciferol 

reaches liver to convert into calcifediol and in kidneys it is activates into calcitriol [2.36]. 

TABLE 2.3 Vitamin D formulation and dosage in Indian market [2.35] 

Brand Name Vitamin D biochemical form Formulation Dosage 

Rocatriol Cholecalciferol Capsules 0.25µg 

Calosto Calcitriol Capsules 0.25µg 

Alfacalcirol Alfacalcidiol Capsules 0.25µg 

Alfarich Alfacalcidiol Capsules 0.25µg 

Alfado Alfacalcidiol Capsules 0.25µg 

AlfaD3 Alfacalcidiol Capsules 0.5µg 

Rocaltrol Calcitriol Capsules 0.25µg 

Aphadol Alphacalcidiol Capsules 0.25µg 

Vitanova SG Cholecalciferol Capsule 60,000IU 

Quente D3 Cholecalciferol Capsules 60,000IU 

Minroset Alfacalcidiol Capsules 0.25µg 

Calsit SG Alfacalcidiol Tablets 0.25µg 

Vitalcal Cholecalciferol Tablets 60,000IU 

Hira D3 Cholecalciferol Tablets 60,000IU 

Arachitol Cholecalciferol Injection 600000 IU 

Fovit D3 Cholecalciferol Injection 600000 IU 

D3 UP Cholecalciferol Granules 60,000IU 

Caldikind Cholecalciferol Granules 60,000IU 

Calotec D3 Cholecalciferol Powder 60,000IU 

Sorvate Calcitriol Ointment 0.0003 % 

Calcigen D3 Cholecalciferol Capsules 60,000IU 

Rosical Calcitriol Ointment 3µg 

Calcirol-CT Cholecalciferol Chewable Tablet 60,000IU 

Calcirol-Syrup Cholecalciferol Syrup 1000IU/5ml 

Calcirol-Drops Cholecalciferol Drops 800IU/ml 
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According to IOM, daily recommended dosage as per age is suggested as follows,for the 

children up to 12 months 400IU/day is recommended, for ages up to 1 to 70 years 600 IU/day 

is recommended, for the people above 70 years 800IU/day is recommended [2.31]. People can 

use vitamin D up to (1000-4000) IU safely without any adverse effects. For adolescent, IOM 

recommended to treat vitamin D deficient with 50,000 IU of vitamin D once a weekly for 8 

weeks and to treat vitamin D insufficiency with 1000/day of vitamin D for at least 3 months 

[2.31]. Regarding vitamin D toxicity, IOM and European Food Safety Authority has set that 

NOAEL (no observed adverse effect level) of 10,000 IU daily of vitamin D which is by the 

safety factor of 2.5, upper tolerable intake level at 4,000 IU daily [2.31]. 

2.5       Proposed pathophysiological mechanisms between Vitamin D and 

Cardiometabolic disorders 

 

FIGURE 2.3. Pathophysiological link between vitamin D deficiency and Cardiometabolic 

disorders. SOCS1, Suppressor of cytokine signaling 1; CREB, cAMP Response Element 

Binding protein; RAAS, renin angiotensin-aldosterone system; PTH, Parathyroid Hormone 

[2.29].  “Adapted by permission from Springer Nature Customer Service Centre GmbH : 

Springer, High Blood Pressure & Cardiovascular Prevention, Vitamin D and Cardiometabolic 

Disorders, Domenico Rendina etal.,2021”. 

Vitamin D receptors (VDR) and 1 hydroxylase are found in the majority of human tissues and 

cells, including cardiomyocytes, endothelial cells, and arterial smooth muscle cells, promoting 

the pathophysiological mechanism between Vitamin D and cardiometabolic disorders 
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[2.37,2.38] [Figure 2.3]. Expression of insulin and insulin related genes in pancreatic cells are 

regulated by VDR, 1α hydroxylase activity was also found in pancreatic cells, which suggests 

the autocrine control of insulin secretion by 1,25 dihydroxy vitamin D[2.39]. In addition to this 

VDR mediate the modulation of calbindin expression and also indirect control over intracellular 

calcium flux which in turn causes insulin secretion which is exerted by 1,25 dihydroxyvitamin 

D[2.40].Calcitriol inhibits the foam cell formation and inhibits macrophage cholesterol uptake 

in diabetic patients [2.14]. The molecular effects of vitamin D on Renin Angiotensin 

Aldosterone System (RAAS) have been understood and it suggests that liganded VDR suppress 

renin expression by binding to the transcription factor which is known as cAMP-response-

element binding protein (CREB)[2.41].This suggests us that vitamin D regulates RAAS system 

which is responsible for regulation of blood pressure.1,25 dihydroxyvitamin D stimulates 

suppressor of cytokine signaling (SOCS1) factor which modulates Toll-like  receptor (TLR) 

signaling, which in turn inhibits phosphorylation of p38-Mitogen Activated Protein 

Kinase(MAPK) pathway and activation of nuclear factor-κβ (NF- κβ) signaling in macrophages 

which causes decreases in gene expression and protein release of proinflammatory 

mediators[2.42].This suggests that decreasing the proinflammatory cytokines causes decreases 

of insulin resistance, atherosclerosis event by vitamin D. The main mechanism which is 

postulated for vitamin D mediated reduction in serum triglycerides is that by enhancing 

intestinal calcium absorption by increasing serum calcium causes reduction in serum 

triglycerides by reducing hepatic triglyceride formation and secretion [2.43]. Another possible 

mechanism of action for reducing triglycerides is that vitamin D shows oppressive effect on 

parathyroid hormone (PTH) concentration [2.43]. Elevation of PTH concentration causes 

reduction in the plasma post heparin lipolytic activity, therefore low serum PTH level may 

reduce serum triglycerides by increased peripheral removal [2.43]. Low vitamin D causes rise 

in PTH levels due to this it also promotes intracellular calcium flux in adipocytes which in turn 

promotes lipogenesis and weight gain [2.44]. Furthermore, Calcitriol regulates runx2 in the 

vessel wall for osteoblast differentiation, an action that may encourage vascular calcification 

[2.45]. The most widely accepted explanation for role of vitamin D in obesity is that vitamin D 

is sequestered in adipose tissue of obesity individuals which results in less bioavailable 

25(OH)D in the circulation [2.46]. In human studies, vitamin D concentration was measured in 
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subcutaneous and visceral adipose tissue and found that in human adipose tissue is the main 

reservoir of vitamin D which is given lipophilic properties of vitamin D [2.47]. 

2.5.1 Clinical studies for the association of low level of vitamin D and cardiometabolic 

disorders 

Observational studies: 

Here are some observational studies which show the relationship between vitamin D level and 

cardiometabolic disorders. It is reported in cohort study, 454 men who reported nonfatal acute 

MI or fatal CHD had significantly lower levels of vitamin D [2.48]. In another cross-sectional 

study, serum 25(OH) D concentrations were measured at a single outpatient visit of more than 

400 diabetic patients but without renal or hepatic disease, and it was found that patients with 

vitamin D levels below 20 ng/mL had a higher prevalence of cardiovascular 

disease[2.49].Lupton JR reported data of US adults(n=20,360) of their lipid profile with 

25(OH)D deficient serum was <20ng/ml which was linked to lower HDL (-5.1%) and higher 

total cholesterol (+9.4%), directly measured LDL (+13.5%), VLDL(+19%) and TG (+26.4%) 

when compared with control group of vitamin D (≥30 ng/ml) [2.50].Patel et al., recruited 120 

healthy premenopausal women (20-45 years) from Gujarat, India and found that serum 

25(OH)D had a positive correlation with HDL (r=0.250,P=0.006)[2.51]. Chaudhuri et al., found 

that deficiency of 25-hydroxyvitamin D was significantly associated with dyslipidemia 

(P=0.0001) in Indian population [2.43]. Study from Womack Army Medical Center, North 

Carolina observed in 3,053 cases that vitamin D was significantly positively correlated with 

HDL and negatively correlated with total cholesterol and LDL [2.52].Cheng et al found from 

the data of 4,095 third generation study participants of Framingham Heart Study, who had at 

least one parent in the offspring cohort that in a multivariable –adjusted regression models, 

25(OH)D was inversely linked to waist circumference and serum insulin 

(P<0.005)[2.53].McGill et al., reported that in a cross sectional study of 250 overweight and 

obese adults of different ethnicities were modest inverse associations of vitamin D3 with body 

weight (r = 0.16,P=0.0009), BMI (r = -0.18, P=0.005), waist circumference (r = -0.14, P=0.03) 

and Hb A1c (r = -0,16, P = 0.01) [2.54]. Multivariate regression was found out separately for 

BMI and waist circumference which showed a decrease of 0.74 nmol/l (P=0.002) in vitamin D3 
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per 1 kg/m2 increase in BMI and a decrease of 0.29 nmol/L (P=0.01) per 1 cm increase in waist 

circumference [2.30]. Marwaha RK et al. from North Iran reported that serum 25(OH)D were 

negatively correlated with BMI (r = -0.128, P=0.05)[2.55].In another study, Faraji et al. reported 

that level of vitamin D had a significant correlation with waist circumference (WC) and waist-

hip ratio (WHR) (P<0.02 for WC, P<0.007) respectively [2.56].Rocha LM et al. reported in a 

cross sectional study of 106 adults which includes both genders found that the patients with 

vitamin D deficient level group has higher triglycerides, VLDL, fasting blood glucose, insulin, 

glycated haemoglobin, BMI, waist circumference and HOMA –IR (Homeostatic model 

assessment for insulin resistance) than those of the patients with vitamin D sufficiency level 

group (P<0.05) [2.57].Sorkin et al, reported that in a cross sectional study of 239 overweight 

and obese , sedentary postmenopausal women without diabetes , 25 (OH) D was inversely 

correlated with fasting blood glucose, 2h-insulin, HOMA-IR, visceral abdominal fat, PTH, 

percentage fat, and triglycerides [2.58]. Pacifico et al., reported that low serum 25(OH)D were 

seen to be inversely correlated with total adiposity, metabolic syndrome, and hypertension in a 

cohort of Caucasian children and adolescents [2.59]. Mitri et al., reported that in 1959 US adults, 

the participants which in the highest tertile of 25(OH)D had lower prevalence of metabolic 

syndrome (OR 0.62;95%CI 0.45-0.84) than the participants which are in the lowest tertile of 

25(OH)D [2.60]. Higher plasma 25(OH)D level is associated with greater insulin sensitivity 

[2.60]. Ju et al. reported that in metaanalysis study which includes 18 relevant studies (16 cross 

sectional , 1 case control studies, 1 nested case control) revealed that vitamin D levels are 

associated with risk of metabolic syndrome in cross sectional studies but not in longitudinal 

studies [2.61]. The pooled odd ratio of metabolic syndrome per 25 nmol/L increment in the 

serum 25 (OH)D concentration was 0.87 (95% CI 0.83-0.92. i2 =85%) which was based on 16 

cross sectional studies [2.61]. Higher serum 25(OH)D levels were linked to a 55 percent lower 

risk of diabetes, a 51 percent lower risk of metabolic syndrome, and a 33 percent lower risk of 

cardiovascular disease, according to a meta-analysis of 28 findings [2.3].Parker et al. also 

reported in meta-analysis study which revealed that the highest levels of serum 25 (OH) D were 

associated with a 43 % reduction in cardiometabolic disorders [OR 0.57, 95%(CI 0.48-0.68)] 

[2.3] whereas  on the contrary , in the study from Turkey [2.62], metabolic disorders are not 

correlated with the presence of vitamin D deficiency. 
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Intervention studies: 

Barale et al showed in study that in patients with poorly controlled type 2 diabetes mellitus and 

vitamin D deficiency, a 1 year vitamin D supplementation helps to regain vitamin D status and 

also helps in amelioration of  FBG, HbA1c, SBP, and HDL cholesterol levels significantly 

[2.63]. Rashad et al reported that improvement in cardiometabolic and androgenic profiles 

happens following the vitamin D supplementation for 12 weeks [2.64]. Mousa et al suggested 

that vitamin D may help in enhancement in adipokines level in adults of vitamin D deficiency 

[2.65]. Ferreira also reported amelioration of metabolic profile following the vitamin D 

supplemenatation for 9 months [2.66]. Kuchay et al.[2.67] reported that the treatment of vitamin 

D derived  (60,000 IU) for 1 year period significantly decreased the glycemic parameters (FBG, 

PPBG, HbA1c) in Kashmiri population. Fatemeh et al.[2.68] reported that the supplementation 

of vitamin D (1000 mg capsule) for 1 month in healthy school children significantly improved 

the HDL level. Pfeifer et al. [2.69] showed the significantly reduction of blood pressure by 

vitamin D supplementation in the elder women. On the contrary Rashidi et al showed no positive 

effect of cholecalciferol supplementation on insulin resisitance, lipid profile and insulin 

resistance [2.70]. Salekzamani et al. [2.71] reported a significant decrease only in TG level and 

not other cardiometabolic parameters with vitamin D supplementation dosage of 50,000 IU for 

16 weeks in Iranian population. Ramly et al also reported no improvement in cardiometabolic 

parameters following the supplementation of vitamin D [2.72].  Ryu et al [2.73] and Wood et al 

[2.74] reported in their clinical study that there was no significant effect of vitamin D 

supplement on the cardiometabolic disorders. Pittas et al concluded in his metaanalysis study of 

randomized controlled trial that clinical significant effect on cardiometabolic outcomes was not 

observed following the supplementation of vitamin D [2.75]. According to the metaanalysis 

report of Aquino etal suggested that results of clinical trials of vitamin D supplementation on 

metabolic syndromes are controversial. So, systematic clinical study is warranted for vitamin D 

supplementation on metabolic syndrome [2.76]. 
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2.6       Role of Vitamin D in Cardiometabolic disorders 

Metabolic dysfunction of cardiometabolic disorders can precipitate into type 2 diabetes mellitus 

and cardiovascular diseases. Research is still going on for the role of vitamin D in various 

cardiometabolic disorders.  

2.6.1        Vitamin D in Cardiovascular diseases 

 

 

 

FIGURE 2.4   Role of Vitamin D deficiency in Cardiovascular diseases [2.49] 

As shown in Figure 2.4., vitamin D deficiency plays an important role in the development of 

cardiovascular diseases. Vitamin D deficiency can cause several forms of cardiovascular 

diseases which include peripheral artery disease (PAD), myocardial infarction (MI), coronary 

heart disease (CHD) and ischemic stroke [2.49]. Possible pathophysiological mechanism is 

shown in Figure 2.4. Vitamin D and parathyroid hormone plays an important role in calcium 

homeostasis in our body. If there is vitamin D deficiency then activity of parathyroid hormone 

increases which results in secondary hyperparathyroidism which ultimately leads to 

cardiovascular diseases [2.29]. As previously discussed, modulation of RAAS activity by 

vitamin D is evident to prevent from hypertension which is one of the important factors for 

cardiovascular diseases [2.29] and also vitamin D is responsible for decreasing the activity of 

proinflammatory cytokines which ultimately helps in prevention of cardiovascular diseases. 
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2.6.2 Vitamin D in Diabetes and its complications 

Vitamin D deficiency played an important role in pathogenesis of diabetes. Presence of VDR in 

pancreatic cells proved that vitamin D can play an important role in expression in insulin. 

 

FIGURE 2.5   Role of Vitamin D in Diabetes [2.77] 

 

When Vitamin D is attached to VDR to perform physiological function such as regulation of 

insulin as summarized in Figure 2.5. The onset of diabetes is associated with increased levels of 

both calcium and reactive oxygen species (ROS) which is normally regulated by vitamin D 

[2.77]. Vitamin D acts by maintaining low resting levels of both calcium and reactive oxygen 

species (ROS) [2.77]. Expression of antioxidants are increased by decreasing the levels of 

reactive oxygen species and it is also maintaining low calcium levels by increasing the 

expression of plasma membrane Ca2+ -ATPase (PMCA) and the NCX1, which extrudes Ca2+ 

and Ca2+ buffer calbindin [2.77]. It also reduces L-type of calcium channels [2.77]. Vitamin D 

is also helpful in maintaining the expression of DNA demethylases like JMJD1A, JMJD3, LSD1 

and LSD2 which is act to prevent hypermethylation of the promoter region which is responsible 

for decreasing gene transcription [2.77]. 
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FIGURE 2.6   Role of vitamin D in complications of diabetes [2.78]. “Adapted from Diabetes: Oxidative 

Stress and Dietary Antioxidants, Neyestani T. R. Vitamin D, oxidative stress and diabetes: Is there a 

link?.pp.111-120. 2021 with permission from Elsevier”. 

 

Experimental studies reported the role of vitamin D in complication of diabetes especially 

diabetic neuropathy and diabetic nephropathy [2.49]. In kidney, Vitamin D plays an important 

role for maintaining podocyte health, preventing epithelial to mesenchymal transformation and 

inhibiting renin gene expression and inflammation [2.49] which can bring into conclusion that 

vitamin D can play an important role in diabetic nephropathy. The whole mechanism by which 

vitamin D may decrease the progression of complication of diabetes is summarized in Figure 

2.6. 
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2.7       Role of Indian Knowledge System in treatment of Cardiometabolic 

disorders 

About 60% of the world's population uses traditional medicines obtained from herbal plants. 

World Health Organization (WHO) has compiled a list of 21,000 medical plants used around 

the world. Among in India has 2500 species, 150 of which are endemic to the country. In a 

broad scale, it's been used commercially. Herbal medicine has seen rapid growth in recent 

years, and these medications are gaining acceptance in both developing and developed 

countries [2.79]. 

2.7.1 Diabetes Mellitus 

In Indian traditional herbal system, Rasayana (Ayurvedic therapy) has lots of remedies for 

Diabetes. Traditional herbal drugs in India are going ahead with the features of natural 

origin and less adverse effects [2.79]. 

Some antidiabetic plants and their mechanism of action used in Indian traditional Herbal 

drugs are as follows: 

Acacia Arabica: 

It acts as a secretagogue to release insulin in diabetic rats to induce hypoglycemia [2.79]. 

Aegle marmelos: 

It acts by decreasing blood glucose and urea, total cholesterol in alloxanized rats when 

compared with control group[2.79]. 

Allium cepa: 

It has antioxidant, hypolipidemic properties, hypoglycemic properties which is useful to to 

regulate post prandial blood glucose levels in diabetic patients [2.79]. 

Allium sativum: 

It exerts hypoglycemic effect by amelioration of hepatic metabolism, insulin release from 

β cells of pancreas or by insulin sparing effect.  It also exerts cardioprotective properties, 

antimicrobial and anticancer properties [2.79]. 
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Aloe vera and Aloe barbadensis: 

It acts by stimulating/release of insulin from pancreatic β cells to help in control of diabetes. 

In preclinical studies, it has shown anti-inflammatory properties which is useful in wound 

healing of diabetes induced mice [2.79]. 

Azadirachta indica: 

In streptozotocin-treated rats, hydroalcoholic extracts of this plant demonstrated 

antihyperglycemic function, which was due to a rise in glucose absorption and glycogen 

deposition in isolated rat hemidiaphragm. This plant also has antibacterial, antimalarial, 

antifertility, hepatoprotective, and antioxidant properties in addition to its anti-diabetic 

properties [2.79]. 

Caesalpinia bonducella : 

It is mostly used in tribal population in India for the treatment of diabetes. It has shown 

hypoglycemic activity and hypolipidermic activity in preclinical studies. The seed extrxacts 

of this plant acts by inhibiting glucose absorption therefore helping in control of blood 

glucose level [2.79]. 

Capparis decidua : 

Its fruit powder extract acts by attenuation of oxidative stress by altering superoxide 

dismutase and catalase enzyme. It has also potential antihyperlipidemic activity[2.79]. 

Coccinia indica : 

In clinical studies it has shown to improve diabetes when given for six weeks. This plant 

extracts reinstate the activities of lipoprotein lipase enzyme (LPL) which was decreased 

whereas glucose-6-phosphatase and lactate dehydrogenase which were increased in diabetic 

patients [2.79]. 

Eugenia jambolana : 

Its extract is a popular house hold remedy for the treatment of diabetes in Indian community. 

In preclinical studies it induces hypoglycemic activity by improving insulin secretion and 

also inhibited insulinase activity from kidney and liver [2.79]. 

Mangifera indica : 

In preclinical studies, its extract exerts antidiabetic activity by intestinal decrease of the 

absorption of glucose [2.79]. 
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Momordica charantia : 

In animal models, its extracts acts as antidiabetic activity by inhibiting of hepatic glucose-

6-phosphatase in addition to fructose-1-6-biphosphatase and activating hepatic glucose-6-

phosphate dehydrogenase activity [2.79]. 

Ocimum sanctum : 

In diabetic rats, significant reduction of metabolic syndrome was shown by its extract. This 

plant has many pleiotropic effects other than antidiabetic activity [2.79]. 

Phyllanthus amarus : 

Methanolic extract of this plant exerts antioxidant activity and also found to decrease blood 

glucose level in alloxanized rats [2.79]. 

Pterocarpus marsupium : 

Pterostilbene obtained from this plant shows hypoglycemic activity in animal models. 

Marsupin, liquiritigenin and ptersupin are the constituents obtained from this plant has 

revealed hypolipidemic activity. Epicatechin its active ingredient also revealed 

insulinogenic, stimulating insulin release and transformation of proinsulin to insulin [2.79]. 

Trigonella foenum graecum : 

4 hydroxyleucine, a novel amino acid found from this extract causes increased glucose 

stimulated insulin released by islet cells in animal models and in humans too [2.79]. 

Tinospora cordifolia : 

Its extract reported significant decrease in blood glucose level, lipid level when 

administered for 6 weeks in rat model. It is widely used in Indian Ayurveda [2.79]. 

 

2.7.2 Cardiovascular Diseases 

A critical review of the herbal lore used in the treatment of cardiovascular diseases [2.80]. 

Terminalia arjuna : 

Arjunolic acid, an active constituents of this plant’s bark extract reported to have 

antioxidant property to induce cardioprotective effect in animal models. Clinical evidences 

reported its effect in treatment of hypertension, congestive heart failure and chronic stable 

angina [2.80]. 
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Allium ascalonicum : 

This plant extract in animal model revealed significant activity in fibronolytic, 

antihypercholesterolemic and anticoagulant to improve cardiovascular health [2.80]. 

Andrographis paniculate : 

Andrographaloide, an active ingredient of this plant crude extract showed antihypertensive 

activity in rats. Clinical study reported that it may help in prevention of myocardial 

infarction by inhibiting platelet aggregation [2.80]. 

Curcuma longa Linn. : 

Curcumin, an active ingredient of this plant reported to have antihyperlipidemic activity, 

antithrombotic and antiatherosclerotic activity [2.80]. 

Nardostachys jatamansi : 

This plant is reported to have antihypertensive activity [2.80]. 

Pushkarguggulu : 

Its plant extract reported to possess anti anginal activity and anti hyperlipidemic activity in 

Coronary diseases [2.80]. 

Allium Sativum : 

Allicin, the active ingredient of its extract imposes hypotensive activity by 

gammaglutamylcysteine which inhibit angiotensin converting enzyme (ACE) in RAS 

system, antihypercholesterolemic effect by inhibiting cholesterol biosynthesis, antiplatelet 

activity by decreasing the effect of platelet aggregation [2.81]. 

Commiphora mukul : 

This plant’s resin have guggulusterones which has inhibiting action on farnesoid X receptor 

thus decreases the level of cholesterol and help maintaining cardiovascular health. It also 

blocks platelet aggregation [2.81]. 

Rauwolfia serpentina : 

Its active ingredient reserpine, is effective in treatment of hypertension [2.81]. 
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CHAPTER-3 

Methodology 

3.1      Study Design 

Study design was a prospective-open labeled-block randomized-parallel trial. 

3.2      Study Site 

The research was carried out at Tej Hospital in Ahmedabad, Gujarat, India. 

3.3      Inclusion and Exclusion Criteria 

Subjects (males or females) were included if they were of Gujarati ethnicity of Ahmedabad 

region and were aged 18 to 75 years. They were screened for vitamin D level less than 12 

ng/ml (vitamin D deficiency level) [3.1] and cardiometabolic disorders. According to the 

guidelines for diagnosing of cardiometabolic syndromes, from the following five criteria, at 

least three criteria should be satisfied for consideration of cardiometabolic disorders, which 

includes “fasting blood triglycerides (TG) ≥ 150 mg/dl. High density Lipoprotein level(HDL)  

< 40 mg/dl in males and <50 mg/dl in females. Systolic blood pressure (SBP) ≥130 and/or 

diastolic blood pressure (DBP) ≥85 mm Hg. Fasting Blood Glucose (FBG) ≥ 100 mg/dl. Waist 

circumference (WC) >102cm in males or >88 cm in females” [3.2]. Subjects were excluded if 

they had “known history of type 1 diabetes mellitus, primary hyperparathyroid disorders, 

nephrolithiasis, sarcoidosis, paget’s disease, malignancy and hypercalciuria. Patients on 

dialysis and pregnant women were also excluded from the trial” [3.3]. 
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3.4      Sample Size Estimation 

The previous reported study showed that vitamin D significantly reduces the HbA1c level 

(parameter for cardiometabolic disorders) in the patients [3.4]. Based on the change in HbA1c 

level [3.4] ,the sample size was calculated by formula [3.5,3.6], 

                                     n=   (2σ)2   (Z1-α/2 + Z1-β)2   / (m1-m2)2 

where, Z1-α/2 = The level of significance for two tails=1.96;  

            Z1-β = The power of the study=0.84 (80%);  

            σ= Standard deviation of outcome variable=0.4; 

            m1-m2= mean difference of the outcome variable=0.3.  

By applying α=0.05 and a statistical power of 80% the sample size was calculated as 56 

patients for one arm. By considering 10% of drop rate from previous review literature [3.4], 

62 patients were calculated for one arm. Therefore, a total sample size was 124 subjects for 

both groups. 

3.5      Ethical Approval 

Approval of the study was granted by Riddhi Medical Nursing Home Institutional Ethics 

Committee, Ahmedabad. Approval of Questionnaires were also obtained from the 

Institutional Ethics Committee in both English and Guajarati (vernacular) languages. The 

study was carried out in accordance with Declaration of Helsinki. 

3.6      Randomization 

By block randomization technique (block size=4, 1:1), 62 patients were received vitamin D 

supplementation (Cholecalciferol) in Vitamin D group while other 62 patients were not 

received Cholecalciferol in Non-Vitamin D group. Allocation was done by the staff member 

who was not involved in the study to avoid any bias in study. 
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3.7      Selection of dose 

The loading dose of cholecalciferol was given 60,000 IU/week (p.o.) for 4 weeks and the 

maintenance dose was given 60,000 IU once a month for 12months [3.4]. 

3.8      Define of Compliance for Cholecalciferol supplements 

• Compliance was defined as taking at least 80% of dispensed medicaments [3.7]. 

• Loading dose should be strictly adhered [3.4]. 

• Skipping of consecutive 3 doses of maintenance dose were treated as noncompliance 

[3.8].   

Compliance for patients followed in current study: 

• Out of total 15 Cholecalciferol (60,000 IU) medicaments, at least 12 Cholecalciferol 

(60,000IU) medicaments must be consumed by patients. 

• 60,000 IU (1x4) weekly Cholecalciferol medicaments as loading dose for 4 weeks 

should be strictly adhered by patients. 

• From the 11 months of maintenance dose, skipping of consecutive 3 doses of 

maintenance dose of Cholecalciferol medicaments (60,000 IU/month) were treated as 

noncompliance. 

 

3.9       % Compliance Calculation 

Percentage compliance was calculated using the equation: 

                  % compliance = (actual/expected) × 100 

 

3.10      Study Conduct 

At the time of screening, demographic data (age, gender, ethnicity) with medical history of 

diseases were taken from subjects. History of heart disease, diabetes mellitus, hypertension 

and kidney, bone and joint problems were recorded. Randomization were performed at visit 1 

of 0 month. Follow-up of patients were taken at 6 months and 12 months. 
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3.10.1     Measurement and analysis of blood sample 

Blood pressure was measured through mercurial sphygmomanometer. Calibrated weighing 

scales was used for measuring weight, height was measured by using stadiometer. Measuring 

tape was used for measuring waist circumference. After overnight fasting of minimum of 8-

12 hours, patients were asked for giving the blood sample. After collection of blood sample 

using sterile needle, it was sent to the laboratory for analysis. Another blood sample was 

obtained after 2 hours following the ingestion of 75gm of anhydrous sugar for analysis of post 

prandial blood glucose (PPBG) level. Blood serum was used for the analysis of total 

cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) 

whereas blood plasma was used for analysis of glucose concentration on a fully automated 

biochemistry analyzer. According to American Association of Clinical Chemistry, VLDL-C 

and LDL-C was done by calculation from Friedewald’s equation [3.9]. Friedewald’s equation 

for LDL=TC-HDL-TG/5, VLDL=TG/5.This equation cannot be applied if TG is not 

>400mg/dl. Plasma glucose concentration was analyzed by hexokinase method. Serum total 

cholesterol and triglyceride was analyzed by enzymatic colorimetric method. Serum HDL-C 

was analyzed by homogenous enzymatic method. HbA1C was analyzed by 

immunoturbidimetry method. Serum 25(OH)D was analyzed by Chemiluminescence 

immunoassay method. 

  3.10.2      Evaluation by visit 

A total 3 visits were taken by patients during study in both groups. Study flow diagram is 

illustrated in Figure 3.1. 

 3.10.2.1      Visit 1 (0 Month) 

Explained the study with the subject and obtained written informed consent form. The subject 

was assigned with a unique screening number.  Then allocation of subjects to non-vitamin D 

group and vitamin D group was done. After that, demographic data, concomitant medication 

including history of cardiometabolic diseases were recorded for both the groups. Questionnaire 

data was filled up by the subjects and then obtained from both the groups. Physical 
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examinations (SBP/DBP, HR) were performed and recorded for the subjects of both the 

groups. 5ml of blood for clinical laboratory test (lipid profile, fasting blood glucose, post 

prandial blood glucose, HbA1c) and 25(OH)D level were collected from the patients of both 

the groups. Patients of vitamin D group were given 9 Cholecalciferol supplementations 

according to the dosage regimen from the department of pharmacy of Tej Hospital. Subject 

diary was initiated for the patients of Vitamin D group for compliance of medication or 

telephonic conversion from the hospital every month was done for reminder of dosage from 

hospital. Follow up of patients of non-vitamin D group were taken telephonically or on visit 

at hospital. Subjects of both the groups were scheduled for Visit 2 at 6 months. 

 3.10.2.2      Visit 2 (At 6 months) 

Subject diary for dosage compliance were reviewed from patients of Vitamin D group. After 

that, concomitant medications were reviewed from Vitamin D group and other medications 

were reviewed from non-Vitamin D group. Questionnaire data was filled up by the subjects 

and then obtained from both the groups. Physical examination was performed and recorded 

for both groups. 5ml of blood for clinical laboratory test (lipid profile, fasting blood glucose, 

post prandial blood glucose, HbA1c) and 25(OH)D level were collected from the patients of 

both the groups. Patients of vitamin D group were given 6 Cholecalciferol supplementations 

according to the dosage regimen from the department of pharmacy of Tej Hospital. Telephonic 

conversion from the hospital every month was done for reminder of dosage from hospital. 

Follow up of patients of non-vitamin D group were taken telephonically or on visit at hospital. 

Scheduled subject for Visit 3 at 12 months. Mid interim analysis for both groups were 

performed. 
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3.10.2.3      Visit 3 (At 12 months) 

At final visit, subject diary for dosage compliance were reviewed from patients of Vitamin D 

group. After that, concomitant medications were reviewed from Vitamin D group and other 

medications were reviewed from non-Vitamin D group. Questionnaire data was filled up by 

the subjects and then obtained from both the groups. Physical examination was performed and 

recorded for both groups. 5ml of blood for clinical laboratory test (lipid profile, fasting blood 

glucose, post prandial blood glucose, HbA1c) and 25(OH)D level were collected from the 

patients of both the groups. Final analysis for both groups were performed. 
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3.11      Study flow chart of the study 

 

 

FIGURE 3.1 Study flow diagram 
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3.12      Outcome measures 

Heart rate (HR), SBP, DBP, BMI, WC, FBG, HbA1c, postprandial blood glucose (PPBG), 

total cholesterol (TC), TG, HDL, LDL, and very low-density lipoprotein cholesterol (VLDL) 

were among the study's outcome indicators [3.10,3.11,3.12,3.13]. Changes in the outcome 

measurements were assessed at baseline, 6 months and 12 months. 25(OH)D level is measured 

for the evaluation of vitamin D status [3.3]. The change in 25(OH)D level was calculated at 

the baseline and then again at 12 months. 

3.13      Questionnaires 

Questionnaires approved by IEC were given to both the groups for estimating confounding 

factors that may conflict with our results. Questionnaires were consisting of sun exposure time, 

amount of physical exercise and food consumption. For both groups, subjects were recalled 

for their scheduled visit {(180±5) days and (360±5) days} for filling up of questionnaires. Data 

obtained from questionnaires of both the groups were analysed at 6 and 12 months. 

3.14      Statistical Analysis Plan 

At (180±5) days and (360±5) days, the data collected from the parameters of cardiometabolic 

disorders in both groups were compared. All continuous variables were considered to be 

normal and expressed as Mean ± Standard deviation, according to the central limit theorem 

[3.14]. The parametric measure (Student's unpaired t test) was used to determine all 

cardiometabolic parameters in between the group comparison. Categorical variables were 

represented as frequency (%). Fischer exact test was used to examine categorical variables in 

inter group analysis. The data from both groups' questionnaires was transformed into scores, 

and then the scoring on a 5-point ordinal scale was calculated using a likert scale. Scores were 

then transformed to a 100-point scale. Questionnaire data were analysed separately for both 

groups, and then analyze was done. The data was first applied to a normality test (Kolmogrov-

Smirnov test), followed by a valid parametric test (Student's t test) if the data was in normality 

range, or a non-parametric test (Mann Whitney U test) if the data was not in normality range. 

The median with interquartile range (IQR) was used to describe non-normal distribution data. 
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One-way repeated measures ANOVA was used to assess within-group data for both groups 

and then post hoc analysis (Bonferroni Multiple Comparison test) was performed. For the 

midterm and final analyses, the last observation carry forward (LOCF) approach was used in 

accordance with the intention to treat principle. p<0.05 was considered as statistically 

significant. Analysis was performed by using Graphpad Prism version5 software. 
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CHAPTER-4 

Results and Discussion 

Out of a total 183 patients that were screened for eligibility up to October 2019, a total 

of one twenty-four patients were recruited in the study based on inclusion and exclusion 

criterion. By block randomization technique, two groups of equal subjects are divided. 

62 subjects were received cholecalciferol supplementation while another 62 patients did 

not receive cholecalciferol supplementation. 
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4.1      Results 

4.1.1      Baseline demographic data of vitamin D and non-vitamin D group 

i. Gender: 

 

FIGURE 4.1 Gender distribution of patients in vitamin D and non-vitamin D group 

Out of 124 subjects recruited in the study from Gujarati ethnicity of Ahmedabad 

population, 41 patients were male and 21 patients were female in vitamin D group 

and 37 patients were male and 25 patients were female in non-vitamin D group 

(Figure 4.1). 

ii. Age range: 

The mean age of over all subjects enrolled in the study was 56.08±11.3[28-74] 

years. 
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FIGURE 4.2 Age distribution of subjects 

Age range of both groups were represented in Table 4.1. Highest number of incidences 

of cardiometabolic disorders occurred in the age range of 46-65 years (Figure 4.2). From 

Table 4.1, it is shown that overall age range in non-vitamin D group was 56.88 years and 

overall age range in vitamin D group was 55.29 years. 
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TABLE 4.1 Age distribution of patients in non-vitamin D and vitamin D group 

 Non-Vitamin D Vitamin D 

Mean Age (Male) 

(years) 57.4 54.34 

Mean Age (Female) 

(years) 56.12 57 

Overall mean age 

(years) 56.88 55.29 

Age Range (Male) 

(years) 28-74 27-74 

Age Range (Female) 

(years) 41-71 33-72 

Overall Age range 

(years) 28-74 27-74 
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4.1.2.     Baseline cardiometabolic characteristics of vitamin D and non-vitamin D group 

I.      Body Mass Index (BMI): 

 

FIGURE 4.3   BMI characteristics of patients in vitamin D and non-vitamin D group 

According to the classification of BMI, (18.5-24.9) kg/m2 is categorized under 

healthy category, (25-29.9) kg/m2 is under overweight category and ≥30kg/m2 is 

considered under obesity category [4.1]. The majority of enrolled patients (84) were 

classified as overweight in terms of classifications based on BMI index [4.1] at 

baseline. In vitamin D group, 44 (30 male+14 female) patients and in non-vitamin D 

group,40 (27 male +13 female) patients falls under overweight category (Figure 4.3). 
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II.      Waist Circumference (WC): 

(i)     Male 

 

FIGURE 4.4   WC characteristics of males in vitamin D and non-vitamin D group 

As per guidelines, >102 cm is one of the important waist circumference criteria in 

cardiometabolic disorders for males. Out of 41 enrolled patients of vitamin D group in 

male category, 18 (44%) patients and out of 37 enrolled patients of non-vitamin D group 

in male category, 15 (41%) patients had high waist circumference at baseline (Figure 

4.4). 

(ii)     Female 

 

      FIGURE 4.5 WC characteristics of females in vitamin D and non-vitamin D group 
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As per guidelines, >88 cm is one of the important waist circumference criteria in 

cardiometabolic disorders for female category. Out of 21 enrolled patients of vitamin D 

group in female category, 16 (76.2%) patients and out of 25 enrolled patients of non-

vitamin D group in female category, 19 (76%) patients had high waist circumference at 

baseline (Figure 4.5). 

III.       Heart Rate (HR) 

Majority of enrolled patients of both the groups had heart rate lied in normal range i.e.,60-100 

bpm [4.2] at baseline as shown in Table 4.2. The mean heart rate of the enrolled patients was 

found to be 82 bpm. The mean heart rate of vitamin D group was 81.1bpm and mean heart rate 

of non-vitamin D group was 83.7 bpm (Table 4.2). 

 

 

 

 

 

TABLE 4.2 HR characteristics of patients in vitamin D and non-vitamin D group 

 

HR Male Female Mean 

bpm <60 

(Brady

cardia) 

60-100 

(Normal 

Range) 

>100 

(Tachy

cardia) 

<60 

(Bradyca

rdia) 

60-100 

(Normal 

Range) 

>100 

(Tachyca

rdia) 

bpm 

Vitamin D 

group 

0 40 1 0 21 0 81.1 

Non-

Vitamin D 

group 

0 37 0 0 23 2 83.7 
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IV.      Systolic Blood Pressure (SBP): 

 

       FIGURE 4.6 SBP characteristics of patients in vitamin D and non-vitamin D group 

As per reports of American Heart Association (AHA) guideline, <130 mmHg is 

considered as normal, (130-139) mmHg is considered prehypertensive stage, (140-159) 

mmHg is considered as mild hypertensive stage, (160-179) mmHg is considered as 

moderate hypertensive stage and ≥180mmHg is considered as severe hypertensive stage 

[4.3]. The majority of the enrolled patients were in mild hypertension stage (68) to 

prehypertensive range (34) at baseline. In vitamin D group, 31 (19 male+12 female) 

patients and in non-vitamin D group, 37 (22 male+15 female) patients fall under mild 

hypertension category (Figure 4.6). 

V.       Diastolic blood pressure (DBP): 

 

FIGURE 4.7 DBP characteristics of patients in vitamin D and non-vitamin D group 
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As per reports of American Heart Association (AHA) guideline, <85mmHg is 

considered as normal, (85-89) mmHg is considered as prehypertension stage, (90-99) 

mmHg is considered as mild hypertension stage, (100-109) mmHg is considered as 

moderate hypertension stage, ≥110mmHg is considered as severe hypertension stage 

[4.3]. The majority of enrolled patients were in normal (48) to prehypertensive stage (39) 

at baseline. In vitamin D group, 19 (10 male+9 female) patients and in non-vitamin D 

group 20 (15 male+5 female) patients falls under prehypertensive stage (Figure 4.7). 

VI.      Total Cholesterol (TC):

 

         FIGURE 4.8 TC characteristics of patients in vitamin D and non-vitamin D group 

According to the guidelines of categorizing total cholesterol level, <200 mg/dl is 

considered as desirable range category, (200-239) mg/dl is under borderline high 

category, ≥240mg/dl is categorized under high cholesterol category [4.4]. The majority 

of the enrolled patients (84) falls under normal range at baseline. In vitamin D group, 40 

(26 male + 14 female) patients and in non-vitamin D group, 44 (28 male +16 female) 

patients falls under desirable range of cholesterol (Figure 4.8). 
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VII.       Triglycerides (TG): 

 

       FIGURE 4.9 TG characteristics of patients in vitamin D and non-vitamin D group 

According to the guidelines of categorizing triglycerides level, <150mg/dl is considered 

in normal range, (150-199) mg/dl is under borderline high range and (200-499) mg/dl is 

considered under high triglyceride range category [4.4]. The majority of the enrolled 

patients were in borderline high range (83) range at baseline. In vitamin D group,43 (27 

male + 16 female) patients and in non-vitamin D group, 40 (24 male+16 female) patients 

falls under borderline high triglyceride level (Figure 4.9). 

VIII.      High Density Lipoprotein Cholesterol (HDL): 

 

 FIGURE 4.10   HDL characteristics of patients in vitamin D and non-vitamin D group 
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According to the guidelines of categorizing HDL level, <40mg/dl is considered as low 

HDL level, ≥60mg/dl is considered as high HDL level [4.4]. The most of the enrolled 

subjects (69) had intermediate level of HDL level at baseline. In vitamin D group, 29 

(18 male+11 female) patients and in non-vitamin D group, 40 (20 male+20 female) 

patients falls under intermediate level of HDL (Figure 4.10). 

IX.       Low Density Lipoprotein Cholesterol (LDL): 

 

      FIGURE 4.11   LDL characteristics of  patients in vitamin D and non-vitamin D group 

According to the guidelines of categorizing LDL level, <100mg/dl is considered in 

normal range, (100-129) mg/dl is considered in above optimal range, (130-159) mg/dl 

LDL level range is considered under borderline high range, (160-189) mg/dl LDL level 

is considered in high LDL range, ≥190mg/dl is considered under very high LDL level 

[4.4]. Figure 4.11, illustrates that most of enrolled patients (49) had above optimal range 

of LDL at baseline. 
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X.       Very Low-Density Lipoprotein Cholesterol (VLDL): 

 

                 FIGURE 4.12   VLDL characteristics of  patients in vitamin D and non-vitamin D group 

According to the guidelines of categorizing VLDL level, (0-30) mg/dl of VLDL is 

considered as normal VLDL range, >30mg/dl of VLDL level is considered as high 

VLDL level [4.4]. The majority of the enrolled patients (107) were in high VLDL range 

category at baseline. In vitamin D group, 57 (37 male+20 female) patients and in non-

vitamin D group, 50 ( 30 male+ 20 female) patients falls under high VLDL range (Figure 

4.12).  

XI.       Fasting Blood Glucose (FBG): 

 

        FIGURE 4.13 FBG characteristics of patients in vitamin D and non-vitamin D group 
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As per recommendation from American Diabetes Association (ADA), FBG range of 

(110-125) mg/dl is considered as prediabetic patient and FBG range of ≥126mg/dl is 

considered as diabetic patient [4.5]. The majority of the enrolled patients (102) had 

diabetes at baseline. In vitamin D group, 47 (29 male+18 female) patients and in non 

vitamin D group 55 (32+23) patients falls under diabetes (Figure 4.13). 

XII.       Post Prandial Blood Glucose (PPBG): 

 

       FIGURE 4.14  PPBG characteristics of patients in  vitamin D and non-vitamin D group 

As per recommendation from American Diabetes Association (ADA), PPBG range of 

(140-199) mg/dl is considered as prediabetes and PPBG range of ≥200 mg/dl is 

considered as diabetes [4.5]. The majority of enrolled patients (69) were in diabetes at 

baseline. In vitamin D group, 37 (23 male+14 female) patients and in non vitamin D 

group, 32 (19 male + 13 female) patients falls under diabetes (Figure 4.14). 
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XIII.      Glycated Haemoglobin (HbA1c): 

 

   FIGURE 4.15  HbA1c characteristics of patients in  vitamin D and non-vitamin D group 

As per recommendation from American Diabetes Association (ADA), HbA1c range of 

(5.7-6.5) % is considered as prediabetes and HbA1c range of >6.5% is considered as 

diabetes [4.5]. The majority of enrolled patients (121) falls in diabetes at baseline. In 

vitamin D group, 61( 40 male+21 female) patients and in non-vitamin D group, 60 (37 

male+23 female) patients falls under diabetes (Figure 4.15). 

XIV.       Vitamin D level {25(OH)D}: 

 

TABLE 4.3 Range of vitamin D level in enrolled patients 

 Vitamin D  

[Range] 

Non-Vitamin D 

[Range] 

Male (4.3-10.4) ng/ml (5.1-11.2) ng/ml 

Female (5-11.7) ng/ml (4.2-11.9) ng/ml 
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All enrolled subjects had 25(OH)D level less than 12ng/ml at baseline. The range of 

vitamin D level among enrolled patients at baseline is shown in Table 4.3. 

4.1.3    Criteria wise distribution of the patients based on baseline inclusion criteria for 

cardiometabolic disorders 

TABLE 4.4 Criteria wise distribution of the patients based on baseline inclusion criteria 

for cardiometabolic disorders 

 

No. of symptoms for 

cardiometabolic 

disorders * 

Non-Vitamin D Vitamin D 

   

3 17 23 

4 26 23 

5 19 16 

*No. of components of cardiometabolic disorders 

1)Fasting blood triglycerides ≥ 150 mg/dl 

2)HDL < 40 mg/dl in males and <50 mg/dl in females 

3) Systolic blood pressure (SBP) ≥130 and/or diastolic blood pressure (DBP) ≥85 mm Hg 

4)Fasting Blood Glucose ≥ 100 mg/dl 

5)Waist circumference (WC) >102cm in males or >88 cm in females. 

 

As shown in Table 4.4, majority of the enrolled patients (49) had at least four criteria for 

cardiometabolic disorders. In non-vitamin D group 26 patients and in vitamin D group 

23 patients had four components of cardiometabolic disorders. No. of criteria of 

cardiometabolic disorders found in enrolled patients in the following decreasing order 

4(39.5%)>3(32.2%)>5(28.2%). 
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I. SBP≥130 and/or DBP ≥85mmHg 

 

FIGURE 4.16   Criteria of SBP and/DBP of patients for consideration of cardiometabolic 

disorders 

 

As shown in Table 4.5, in non-vitamin D group, 91.8% of male and 100% of female falls 

in criteria of SBP and/DBP for consideration for cardiometabolic disorders. In vitamin 

D group, 87.8% of male and 90.4% of female falls in criteria of SBP/DBP for 

consideration of cardiometabolic disorders. 
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Table 4.5 SBP≥130 and/or DBP ≥85mmHg criteria for non-vitamin D and vitamin D group 

SBP≥130 and/or 

DBP ≥85mmHg 

 

Non-Vitamin D (n=62) Vitamin D (n=62) 

 Male Female Male Female 

No. of patients 34 25 36 19 

Total no. of 

patients 

37 25 41 21 

% 91.8 100 87.8 90.4 
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II.      Fasting blood Triglycerides ≥150mg/dl 

 

FIGURE 4.17 Criteria of TG of patients for consideration of cardiometabolic disorders 

As shown in Table 4.6, in non-vitamin D group, 81% of male and 80% of female falls in 

criteria of TG for consideration of cardiometabolic disorders. In vitamin D group, 90.2% 

of male and 95.2% of female falls in criteria of TG for consideration of cardiometabolic 

disorders. 
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TABLE 4.6. TG criteria of patients in non-vitamin D and vitamin D group 

TG≥150mg/dl 

 

Non-Vitamin D (n=62) Vitamin D (n=62) 

 Male Female Male Female 

No. of patients 30 20 37 20 

Total no. of 

patients 

37 25 41 21 

% 81 80 90.2 95.2 
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III.      HDL <40 mg/dl in males and <50 mg/dl in females 

 

FIGURE 4.18 Criteria of HDL of patients for consideration of cardiometabolic disorders 

 

 

As shown in Table 4.7, in non-vitamin D group, 43.2% of male and 76% of female 

falls in HDL criteria for cardiometabolic disorders. In vitamin D group, 53.6% of 

male and 90.4% of female falls in criteria for cardiometabolic disorders. 
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TABLE 4.7 HDL criteria of patients in non-vitamin D and vitamin D group 

HDL (<40mg/dl 

in males and 

<50 mg/dl in 

females) 

Non-Vitamin D (n=62) Vitamin D (n=62) 

 Male Female Male Female 

No. of patients 16 19 22 19 

Total no. of 

patients 

37 25 41 21 

% 43.2 76 53.6 90.4 
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IV. WC >102 cm in males or >88 cm in females 

TABLE 4.8 WC criteria of patients in non-vitamin D and vitamin D group 

WC (>102cm in 

males and >88 

cm in females) 

Non-Vitamin D (n=62) Vitamin D (n=62) 

 Male Female Male Female 

No. of patients 15 19 18 16 

Total no. of 

patients 

37 25 41 21 

% 40.5 76 43.9 76.2 

As shown in Table 4.8, in non-vitamin D group, 40.5% of male and 76% of female falls 

in WC criteria for cardiometabolic disorders.  In vitamin D group, 43.9% of male and 

76.2% of female falls in WC criteria for cardiometabolic disorders. 

V. Fasting blood glucose (FBG) ≥100mg/dl 

 

FIGURE 4.19  Criteria of FBG of patients for consideration of cardiometabolic disorders 

 

 

 

0

10

20

30

40

50

Male Female Male Female

Non Vitamin D Vitamin D

N
o

. 
o

f 
p

a
ti

en
ts

FBG

Non Vitamin D Male

Non Vitamin D Female

Vitamin D Male

Vitamin D Female



Results and Discussion 

 

66 

 

 

 

 

 

As shown in Table 4.9, all enrolled patients of both non vitamin D and vitamin D groups falls 

under FBG criteria for cardiometabolic disorders.  

 

 

 

 

 

 

 

 

TABLE 4.9   FBG criteria of patients in non-vitamin D and vitamin D group 

FBG 

(>100mg/dl) 

Non-Vitamin D (n=62) Vitamin D (n=62) 

 Male Female Male Female 

No. of patients 37 25 41 21 

Total no. of 

patients 

37 25 41 21 

% 100 100 100 100 
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4.1.4 Analysis of baseline demographic characteristics of patients in non-vitamin D and 

vitamin D group 

 

 

As shown in Table 4.10, cardiometabolic disorders were found to be significantly higher in male 

than female (p<0.05) among enrolled patients at baseline.  The baseline demographic 

characteristics like age, body mass index, heart rate, waist circumference, systolic blood 

TABLE 4.10 Analysis of baseline demographic characteristics of patients in non-vitamin D and vitamin D 

group 

Characteristics 
Non-Vitamin D 

      (n=62) 

Vitamin D 

(n=62) 

Gender 

Male 37 41 

Female 25 21 

 

      

n(%) [Male]                                  

 

n(%) 

[Female] 
p value a 

Total 78 (62.9%) 46 (37%) p<0.05 

 Mean±SD Mean ±SD p value b 

Age (years) 
56.8±10.99  

[28-74] 

55.29±11.65 

[27-74] 
p>0.05 

History of Cardiometabolic Diseases 

Dyslipidemia 21 24 

Hypertension 12 13 

Diabetes Mellitus 2 35 33 

Cardiovascular Diseases 7 9 

 Mean±SD Mean ±SD p value b 

BMI (kg/m2) 
28.9±4.27 

[21.1-44.4] 

27.7±3.63 

[21.5-46.9] 
p>0.05 

Heart rate (bpm) 
83.69±7.27  

[60-100] 

81.2±7.35 

[66-103] 
p>0.05 

Waist circumference (cm) 
93.5±8.52  

[78-108] 

94.2±9.28 

[79-115] 
p>0.05 

Systolic blood pressure (mm Hg) 
143±11.2  

[124-170] 

139±15.9 

[110-230] 
p>0.05 

Diastolic blood pressure (mm Hg) 
85.7±7.01  

[74-110] 

83.4 ± 7.4 

[70-100] 
p>0.05 

aDetermined using Fisher’s exact test 

bDetermined using Student’s t test (unpaired t test)                                              (p<0.05 was considered as statistical significance)    
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pressure and diastolic blood pressure of the enrolled patients in both groups showed no 

significant difference (p>0.05). 

4.1.5 Analysis of medications of patients during the study in non-vitamin D and vitamin 

D group 

Table 4.11 Analysis of medications of patients during the study in non-vitamin D and vitamin D group 

Medications Non vitamin D vitamin D p value a 

Antidiabetic medication                                                                        n(%)                    n(%)               

Sulfonylureas(Glimepiride, Glyburide, Glipizide) 38(61%) 43(69%) p>0.05 

Biguanides (Metformin) 37(60%) 39(63%) p>0.05 

Thiazolidinediones (Pioglitazone) 14(23%) 12(19%) p>0.05 

DPP-4i (Vidagliptin, Sitagliptin, Teneligliptin) 33(53%) 32(52%) p>0.05 

α-glucosidase inhibitor (Acarbose , Voglibose) 2(3%) 2(3%) p>0.05 

SGL2i (Dapagliflozin) 5(8%) 4(6%) p>0.05 

Antihypertensive medication 

β1 blockers(Atenolol. Nebivolol, Metoprolol) 7(11%) 6(10%) p>0.05 

Calcium Channel blocker (Amlodipine) 2(3%) 3(5%) p>0.05 

ARB blocker (Losartan, Telmisartan, Olmesartan) 28(45%) 29(47%) p>0.05 

ACE inhibitors (Ramipril) 5(8%) 4(6%) p>0.05 

α-2 receptor agonist (Moxinidine) 1(2%) 0(0%) p>0.05 

Antihyperlipidemic medication 

Statins (Rosuvastatin) 27(44%) 28(45%) p>0.05 

Other medication    

K+ Channel Blocker (Amiodarone) 0(0%) 2(3%) p>0.05 

Antiplatelet drug (Clopidogrel, Aspirin) 8(13%) 6(10%) p>0.05 

Diuretics (Torsemide, Spironolactone) 0(0%) 2(3%) p>0.05 

PPIs (Pantoprazole) 5(8%) 5(8%) p>0.05 

Others (Domeperidone,Levothyroxine,Alprazolam,Trimetazidine) 3(5%) 1(2%) p>0.05 

aDetermined using Fisher’s exact test                                                                              (p<0.05 was considered as statistical significance) 

The patients from both non vitamin D and vitamin D group were taking medications and 

concomitant medications respectively during the study. Sulfonylureas class of the drugs was the 

most used drug in non-vitamin D group (61%) and vitamin D group (69%).  No significant 

difference was observed between the medications used during the study by vitamin D group and 

non-vitamin D group (p>0.05) at baseline as shown in Table 4.11.  
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4.1.6 Analysis of baseline clinical characteristics of patients in non-vitamin D and 

vitamin D group 

TABLE 4.12  Analysis of baseline clinical characteristics (Mean±SD) [Range] of patients in non-

vitamin D and vitamin D group 

Parameters non-vitamin D vitamin D p value a 

TC (mg/dl) 190±37.2 [91-290] 193.±40.20 [114.2-286] p>0.05 

TG (mg/dl) 173±49.7 [98-396.2] 184±55.8 [105.5-390] p>0.05 

HDL (mg/dl) 42.1±8.29 [22-66.2] 39.6±6.64 [26.9-62.5] p>0.05 

LDL (mg/dl) 114±33.4[32.2-144.56] 117±36.7 [35.24-154.04] p>0.05 

VLDL (mg/dl) 34.6±9.93[19.18-79.24] 36.7±11.2 [21.1-78] p>0.05 

FBG (mg/dl) 166±51.1 [115.64-343.8] 172±58.3 [102.1-350.6] p>0.05 

PPBG (mg/dl) 232±78.3[145-519.3] 235±72.2 [147.1-421.7] p>0.05 

HbA1c (%) 8.19±1.68[5.8-13.76] 8.68±1.91 [5.9-14] p>0.05 

25(OH)D 

ng/ml 

8.44±2.00 [4.2-11.9] 11.1±1.94 [4.3-11.7] p>0.05 

aDetermined using Student’s t test (unpaired t test)      (p<0.05 was considered as statistical significance) 

As shown in Table 4.12, baseline clinical characteristics like TC, TG, HDL, LDL, 

VLDL, FBG, PPBG, HbA1c, 25(OH)D level did not show any significant difference 

between both the groups (p>0.05). 
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4.1.7 Effect of vitamin D supplementation in patients with cardiometabolic disorders at 

6months and 12 months for non-vitamin D and vitamin D group 

a) Body Mass Index (BMI) 

                               A.    B.    C.  

FIGURE 4.20 Effect of vitamin D supplementation on BMI. (A) Comparison of non vitamin D v 

vitamin D group at baseline (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months. 

 

As shown in Table 4.13, within the group analysis in non-vitamin D group showed 

significant reduction in BMI at (0 v 12) months whereas within the group analysis in 

vitamin D group showed significant reduction in BMI at (0 v 6) months and at (0 v 12) 

months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed no 

significant differences at 6 and 12 months. 

TABLE 4.13 Effect of vitamin D supplementation on BMI in non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

BMI 

(kg/m2) 

28.09±4.27 27.99±4.22 27.95±4.25 @ 27.7±3.63 27.46±3.4α 27.3±3.3@ 

α – Within the group difference (0v6)                   ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 
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b) Waist Circumference (WC) 

A.   B.  C.  

FIGURE 4.21  Effect of vitamin D supplementation on WC. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. 

(C) Comparison of non vitamin D v vitamin D group at 12 months 

 

TABLE 4.14  Effect of vitamin D supplementation on WC in non-vitamin D and vitamin D 

group 

 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

WC (cm) 93.5±8.52 

 

93.6±8.65 

 

93±8.21β@ 94.2±9.28 

 

93.9±8.93 

 

92.7±7.81β@ 

β – Within the group difference (6v12)                   ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 

As shown in Table 4.14, within the group analysis in non-vitamin D group and vitamin 

D group showed significant reduction in WC at (6 v 12) months and (0 v 12) months. 

However, between the group analysis (Non-Vitamin D v Vitamin D) showed no 

significant differences at 6 and 12 months. 
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c. Heart rate (HR) 

A.   B.  C.  

FIGURE 4.22 Effect of vitamin D supplementation on HR. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. 

(C) Comparison of non vitamin D v vitamin D group at 12 months 

 

TABLE 4.15 Effect of vitamin D supplementation on HR in non-vitamin D and vitamin D 

group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

HR (bpm) 83.7±7.26 

 

82.6±5.87 

 

79.4±5.6β@ 81.1±7.4 81.7±6.4 77.48±5.44β@ 

β – Within the group difference (6v12)                   ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 

As shown in Table 4.15, within the group analysis in non-vitamin D group and vitamin 

D group showed significant reduction in HR at (6 v 12) months and (0 v 12) months. 

However, between the group analysis (Non-Vitamin D v Vitamin D) showed no 

significant differences at 6 and 12 months. 
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d. Systolic Blood Pressure (SBP) 

A.    B.  C.  

FIGURE 4.23 Effect of vitamin D supplementation on SBP. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months 

 

 

As shown in Table 4.16, within the group analysis in non-vitamin D group showed significant 

reduction in SBP at (0 v 6) months, (6 v 12) months and (0 v 12) months whereas within the 

group analysis in vitamin D group showed significant reduction in SBP at (0 v 6) months and at 

(0 v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed 

significant reduction in SBP at both 6 and 12 months. 

 

TABLE 4.16  Effect of vitamin D supplementation on SBP in non-vitamin D and vitamin D group 

 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

SBP (mmHg) 143±11.2 

 

140±10.3 α 

 

136.8±9.67β@ 139±15.9 

 

134±9.41α# 131.9±8.09@* 

α-Within the group difference (0v6) 

β – Within the group difference (6v12)     ( p<0.05 was considered as statistical significant)                   #-Between the group difference 

(6v6) 
@  – Within the group difference (0v12)                                                                                                 *- Between the group difference (12v12) 
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e. Diastolic blood pressure (DBP) 

A.    B.  C.  

FIGURE 4.24 Analysis of effect of vitamin D supplementation on DBP.(A) Comparison of non 

vitamin D v vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 

6 months. (C) Comparison of non vitamin D v vitamin D group at 12 months  

 

As shown in Table 4.17, within the group analysis in non-vitamin D group and vitamin D group 

showed significant reduction in DBP at (0 v 6) months, (6 v 12) months and (0 v 12) months. 

However, between the group analysis (Non-Vitamin D v Vitamin D) showed no significant 

difference in DBP at both 6 and 12 months. 

 

 

 

TABLE 4.17  Effect of vitamin D supplementation on DBP  in non-vitamin D and vitamin D group 

 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0  6 12 0 6 12 

DBP (mmHg) 85.7±7.01 

 

81.8±6.02 α 

 

77.81±7.34β@ 83.4±7.4 

 

79.9±5.97α 76.32±6.40β@ 

α-Within the group difference (0v6) 

β – Within the group difference (6v12)            ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 
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f. Total Cholesterol (TC) 

  A.   B.  C.  

FIGURE 4.25 Effect of vitamin D supplementation on TC. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months  

 

TABLE 4.18  Effect of vitamin D supplementation on TC in non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

TC (mg/dl) 190±37.2 

 

187.5±37.44 

 

181.8±33.38β@ 193±40.2 

 

189.6±40.78 

 

180.7±32.5β@ 

β – Within the group difference (6v12)              ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 

As shown in Table 4.18, within the group analysis in non-vitamin D group and vitamin 

D group showed significant reduction in TC at (6 v 12) months and (0 v 12) months 

However, between the group analysis (Non-Vitamin D v Vitamin D) showed no 

significant difference in TC at both 6 and 12 months. 
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g. Triglycerides (TG) 

   A.  B.  C.  

FIGURE 4.26 Effect of vitamin D supplementation on TG. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months 

  

TABLE 4.19 Effect of vitamin D supplementation on TG in non-vitamin D and vitamin D group 

 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

TG (mg/dl) 173±49.7 

 

173.6±52.6 

 

161.5±40.25β@ 184±55.8 

 

163.4±37.42α 

 

147.4±29.48β@* 

α – Within the group difference (0v6) 
β – Within the group difference (6v12)          ( p<0.05 was considered as statistical significant)       *-Between the group difference (12v12) 

@  – Within the group difference (0v12) 

As shown in Table 4.19, within the group analysis in non-vitamin D group showed significant 

reduction in TG at (6 v 12) months and (0 v 12) months whereas within the group analysis in 

vitamin D group showed significant reduction in TG at (0v6) months, (6 v 12) months and at (0 

v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed 

significant reduction in TG at 12 months. 
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h. High Density Lipoprotein Cholesterol (HDL) 

A.  B.  C.  

FIGURE 4.27 Effect of vitamin D supplementation on HDL. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months 

 

TABLE 4.20  Effect of vitamin D supplementation on HDL in non-vitamin D and vitamin D group 

 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

HDL 

(mg/dl) 

42.1±8.29 

 

41.9±8.02 

 

43±7.61β 39.6±6.64 

 

41.1±8.27 41.8±5.69 @ 

β – Within the group difference (6v12)                    ( p<0.05 was considered as statistical significant) 

@  – Within the group difference (0v12) 

 

As shown in Table 4.20, within the group analysis in non-vitamin D group showed 

significant increase in HDL at (6 v 12) months whereas within the group analysis in 

vitamin D group showed significant increase in HDL at (0v12) months. However, 

between the group analysis (Non-Vitamin D v Vitamin D) showed no significant 

difference in HDL at 6 and 12 months. 
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i. Low density lipoprotein cholesterol (LDL) 

A.   B.  C.  

FIGURE 4.28 Effect of vitamin D supplementation on LDL. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months 

 

As shown in Table 4.21, within the group analysis in non-vitamin D group showed significant 

reduction in LDL at (0 v 12) months whereas within the group analysis in vitamin D group 

showed significant reduction in LDL at (6 v 12) months and at (0 v 12) months. However, 

between the group analysis (Non-Vitamin D v Vitamin D) showed no significant difference in 

LDL at both 6 and 12 months. 

 

 

TABLE 4.21 Effect of vitamin D supplementation on LDL in non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

LDL 

(mg/dl) 

114±33.4 

 

111±36.6 106.8±31.83@ 117±36.7 115.8±39.04 109.3±31.47β@ 

β – Within the group difference (6v12)                    ( p<0.05 was considered as statistical significant) 
@  – Within the group difference (0v12) 



Results and Discussion 

 

79 

 

j. Very Low-density Lipoprotein Cholesterol (VLDL) 

    A.   B.  C.  

FIGURE 4.29  Effect of vitamin D supplementation on VLDL. (A) Comparison of non vitamin D 

v vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. 

(C) Comparison of non vitamin D v vitamin D group at 12 months. 

 

TABLE 4.22  Effect of vitamin D supplementation on VLDL in non-vitamin D and vitamin D group 

 

 Non-Vitamin D group 

(n=62) 

Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

VLDL (mg/dl) 34.6±9.93 

 

34.7±10.5 

 

32.31±8.05β@ 36.7±11.2 

 

32.7±7.48α 

 

29.48±5.89β@* 

α – Within the group difference (0v6) 

β – Within the group difference (6v12             ( p<0.05 was considered as statistical significant 

                                                                                                                                                *-Between the group difference (12v12) 
@  – Within the group difference (0v12) 

As shown in Table 4.22, within the group analysis in non-vitamin D group showed significant 

reduction in VLDL at (6 v 12) months and (0 v 12) months whereas within the group analysis 

in vitamin D group showed significant reduction in VLDL at (0v6) months, (6 v 12) months and 

at (0 v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed 

significant reduction in VLDL at 12 months. 
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k. Fasting Blood Glucose (FBG) 

  A.   B.  C.  

FIGURE 4.30 Effect of vitamin D supplementation on FBG. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months. 

 

As shown in Table 4.23, within the group analysis in non-vitamin D group showed significant 

reduction in FBG at (6 v 12) months and (0 v 12) months whereas within the group analysis in 

vitamin D group showed significant reduction in FBG at (0v6) months, (6 v 12) months and at 

(0 v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed 

significant reduction in FBG at 12 months. 

 

 

TABLE 4.23  Effect of vitamin D supplementation on FBG in  non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

FBG 

(mg/dl) 

166±51.1 159±44.9 

 

146.4±42.28β@ 172±58.3 

 

145±40.9α 

 

124.3±33.58β@* 

α – Within the group difference (0v6) 

β – Within the group difference (6v12)          ( p<0.05 was considered as statistical significant)   *-Between the group difference (12v12) 

@  – Within the group difference (0v12) 
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l. Post Prandial blood glucose (PPBG) 

A.   B.  C.  

FIGURE 4.31 Effect of vitamin D supplementation on PPBG. (A) Comparison of non vitamin D v 

vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. (C) 

Comparison of non vitamin D v vitamin D group at 12 months. 

 

TABLE 4.24  Effect of vitamin D supplementation on PPBG in non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0 6 12 

PPBG 

(mg/dl) 

232±78.3 225±66.4 

 

206.5±60.01β@ 235±72.2 

 

205±57.2α 

 

180.1±53.64β@* 

α – Within the group difference (0v6) 

β – Within the group difference (6v12)          ( p<0.05 was considered as statistical significant)       *-Between the group difference (12v12) 

@  – Within the group difference (0v12) 

 

As shown in Table 4.24, within the group analysis in non-vitamin D group showed significant 

reduction in PPBG at (6 v 12) months and (0 v 12) months whereas within the group analysis in 

vitamin D group showed significant reduction in PPBG at (0v6) months, (6 v 12) months and at 

(0 v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) showed 

significant reduction in PPBG at 12 months. 
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m. Glycated Haemoglobin (HbA1c) 

A.   B.  C.  

FIGURE 4.32 Effect of vitamin D supplementation on HbA1c. (A) Comparison of non vitamin D 

v vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 6 months. 

(C) Comparison of non vitamin D v vitamin D group at 12 months. 

 

As shown in Table 4.25, within the group analysis in non-vitamin D group showed significant 

reduction in HbA1c at (6 v 12) months and (0 v 12) months whereas within the group analysis 

in vitamin D group showed significant reduction in HbA1c at (0v6) months, (6 v 12) months 

and at (0 v 12) months. However, between the group analysis (Non-Vitamin D v Vitamin D) 

showed significant reduction in HbA1c at 12 months. 

 

 

TABLE 4.25 Effect of vitamin D supplementation on HbA1c in non-vitamin D and vitamin D group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 6 12 0      6     12 

HbA1c (mg/dl) 8.19±1.68 8.15±1.45 

 

7.69±1.19β@ 8.68±1.91 

 

7.77±1.37α 

 

7.05±1.08β@* 

α – Within the group difference (0v6) 
β – Within the group difference (6v12)          ( p<0.05 was considered as statistical significant)       *-Between the group difference (12v12) 

@  – Within the group difference (0v12) 
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n. 25(OH)D level 

       A.   B.  

FIGURE 4.33 Effect of vitamin D supplementation on 25(OH)D level. (A) Comparison of non 

vitamin D v vitamin D group at baseline. (B) Comparison of non vitamin D v vitamin D group at 

12 months. 

 

 

As shown in Table 4.26, within the group analysis in non-vitamin D group showed no significant 

difference in 25(OH)D level whereas within the group analysis in vitamin D group showed 

significant reduction in 25(OH)D level at (0 v 12) months and also between the group analysis 

(Non-Vitamin D v Vitamin D) showed significant reduction in 25(OH)D level at 12 months. 

 

 

TABLE 4.26 Effect of vitamin D supplementation on 25(OH)D level in non-vitamin D and vitamin D 

group 

 Non-Vitamin D group (n=62) Vitamin D group (n=62) 

Month 0 12 0 12 

 

25(OH)D 

(ng/ml) 

8.44±2 9±2.27 8.05±1.95 

 

30.8±10.9 @* 

                                                                     (p<0.05 was considered as statistical significant)     

@  – Within the group difference (0v12)                                                                                         *-Between the group difference (12v12)    
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o. Effect of confounding variables 

TABLE 4.27 Effect of confounding variables of patients in non-vitamin D and vitamin D group 

 Non-Vitamin D group 

(n=62) 

Median;IQR 

Vitamin D group (n=62) 

Median;IQR 

pc 

value 

pc 

value 

pc value 

Month 0 6 12 0 6 12 0 vs.0 6 vs. 6 12 vs.12 

Sun 

Exposure 

(%) 

65;15 65;15 70;11.2 5;20 65;10 65;15 p>0.05 p>0.05 p>0.05 

Diet (%) 80;20 80;20 80;20 0;20 80;20 80;20 p>0.05 p>0.05 p>0.05 

Physical 

activity 

(%) 

40;12 40;12 40;8 0;12 40;12 40;8 p>0.05 p>0.05 p>0.05 

cDetermined using MannWhitney U Test 
IQR-Interquartile Range 

p<0.05 was considered as statistical significance 

Sun exposure, dietary intake and physical activity questionnaire scores were found to be 

identical in both groups at baseline, 6 months, and 12 months (p>0.05), as shown in the Table 

4.27.  

4.1.8 Drop out / non compliance 

In vitamin D group, 3 patients were dropped out and 1 patient was excluded due to 

noncompliance before the 6-month study and 1 patient was dropped out before the 12-month 

study. In non-vitamin D group, 5 patients dropped out before the 6-month study and 2 patients 

dropped out before the 12-month study. Drop out/noncompliance of the patients were 

summarized in Table 4.28 and Table 4.29. Intention to treat principle was applied to all dropped 

out patients. Overall, 90.3% of subjects completed the study. Difference in number of drop outs 

were not found in between the groups (p>0.05). All dropped out patients were analysed by 

LOCF (Last Observation Carry Forward) method. 
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TABLE 4.28  Drop out/noncompliance patients of non-vitamin D group 

Interval Non vitamin D group n(%) Reason 

(0-6) months 5(8%) • 3 patients lost to 

follow up with the 

fear of being infected 

with COVID-19 

[consent withdrawn] 

• 1 patient was lost to 

follow up with no 

particular reasons. 

[consent withdrawn] 

• 1 patient was lost to 

follow up due to 

unwillingness to 

continue. [consent 

withdrawn] 

 

(6-12) months 2 (3.2%) • 1 patient was lost to 

follow up with the 

fear of being infected 

with COVID-19. 

[consent withdrawn] 

• 1 patient was lost to 

follow up with no 

particular reasons 

[consent withdrawn] 
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TABLE 4.29 Drop out/noncompliance patients of vitamin D group 

Interval Vitamin D group n(%) Reason 

(0-6) months 4(6.4%) • 1 patient was 

excluded due to 

missing of loading 

dose. [Non-

compliance] 

• 2 patients lost to 

follow up with the 

fear of being infected 

with COVID-19. 

[consent withdrawn] 

• 1 patient was lost to 

follow up due to 

unwillingness to 

continue. [consent 

withdrawn] 

 

(6-12) months 1 (1.6%) • 1 patient was lost to 

follow up due to 

unwillingness to 

continue. [consent 

withdrawn] 

 

 

4.1.9 Adverse Effects 

Adverse effects were not detected following the supplementation of cholecalciferol 

in patients with cardiometabolic disorders throughout 12-month study. 
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4.2      Discussion 

Information on cardiometabolic disorders in Indian community reveals a wide range of 

diversity, which may be attributed to the racial and cultural variety of various areas and 

geographic locations [4.6]. Due to their lifestyle and eating habits, Gujaratis are more 

likely to suffer from cardiometabolic disorders [4.6].  In our study, out of 183 patients 

of cardiometabolic disorders, 124 patients were found to be vitamin D deficient, which 

shows the prevalence of cardiometabolic disorders with vitamin D deficiency in 

Ahmedabad region of Gujarat. Literature review also reported vitamin D deficiency and 

cardiometabolic disorders are major concerns in Ahmedabad, Gujarat [4.7,4.8]. Cigolini 

et al revealed that diabetic patients are most likely to have low vitamin D levels and 

diabetic patients with low vitamin D reserves are prone to develop cardiovascular 

diseases [4.9]. It suggests that low level of vitamin D may be a risk factor among 

cardiometabolic disorders. To the best of our knowledge, it was the first systematic trial 

conducted among Gujarati ethnic group in Ahmedabad region to study the effect of 

vitamin D supplementation on cardiometabolic disorders. 

Baseline demographic data from our study reveals the prevalence of cardiometabolic 

disorders in male than in female gender category (p<0.05) which is in line with other 

study [4.10]. However, Beigh et al reported conflicting findings about the gender 

differences in cardiometabolic disorders [4.11]. The reason for inconsistent findings may 

be the genetic traits, physical activity and socioeconomic status [4.12]. The possible 

explanation of gender specific difference may be related to sex hormones in which low 

sex hormone-binding globulin results in high free androgen concentrations and low 

testosterone concentrations that is linked to impaired glucose tolerance and high 

triglyceride levels [4.12]. Further our baseline demographic data reported the prevalence 

of cardiometabolic disorders in mid age group (45-65 years). Ervin reported the similar 

observation in his study [4.13]. The prevalence of cardiometabolic disorders in mid age 

group may be from stress factor occurs from this particular age group due to working 

state of this population which can lead to obesity, diabetes mellitus and hypertension 
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[4.14]. Baseline data of BMI revealed that majority of the enrolled patients were falls 

under overweight category. Similar observation was supported by Beigh et al in his study 

[4.11]. It suggests that overweight category may be one of the important features in 

cardiometabolic disorders of enrolled patients. According to American Heart 

Association, >102 cm and >88 cm is considered as high waist circumference in male and 

female respectively. Our baseline study observed in WC that 42.2% of male and 76.1% 

of female patients had higher waist circumference at baseline. It shows that prevalence 

of higher WC is more in female than male (p<0.05). Similar results were also observed 

in other study [4.11]. The possible explanation behind this may be of physical inactivity 

among female category which results in abdominal obesity [4.15]. Palatini et al reported 

that heart rate of 80-85 bpm may likely to exhibit cardiometabolic disorders [4.16]. Our 

demographic data had revealed that mean heart rate of the enrolled patients with 

cardiometabolic disorders were 82 bpm.  It suggests that the range (80-85) bpm of heart 

rate may predict the occurrence of cardiometabolic disorders. From the baseline data of 

SBP we observed that majority of the enrolled patients falls under prehypertensive (130-

139 mmHg) to mild hypertension stage (140-159 mmHg) and data of DBP revealed that 

majority of the enrolled patients falls under normal (<85 mmHg) to prehypertensive 

stage (85-89 mmHg). Cordero et al reported that that prehypertensive stage is associated 

with the presence of cardiometabolic disorders [4.17]. Moreover, Mourad et al reported 

that SBP is stronger factor to predict cardiovascular diseases than DBP [4.18]. Further 

he also added that raises in SBP frequently occur without the raise of DBP in 

hypertensive patients [4.18]. In our study most of the patients were categorized in 

hypertension by elevation in SBP criteria. So, it may suggest that SBP may be a better 

predictor for the occurrence of cardiometabolic disorders. Analysis of baseline 

demographic characteristics with respect to Age, BMI, HR, SBP and DBP between non-

vitamin D and vitamin D group yielded no significant difference (p>0.05) which 

suggests that there is similar distribution among both groups. 

Among lipid profiles, majority of the enrolled patients were categorized under borderline 

high range of TG (150-199 mg/dl), high VLDL (>30mg/dl), desirable range of total 
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cholesterol level (<200mg/dl), intermediate range of HDL level (40-59.9 mg/dl) and 

above optimal range of LDL level (100-129 mg/dl) in our study at baseline. As majority 

of the enrolled patients were overweight which may be the factor for the occurrence of 

high TG and VLDL [4.19]. J Cui et al reported that borderline high TG level was strongly 

linked to diabetes [4.20]. So, borderline high TG may be considered as important factor 

of cardiometabolic disorders. In our study we reported that 48% of low HDL level in 

male patients (<40 mg/dl) and 83% of low HDL level in female patients (<50mg/dl). It 

shows that low level of HDL is more in female than male (p<0.05). Similar findings 

were also reported by Beigh et al [4.11]. This may be associated with less physical 

inactivity among female category which results in abdominal obesity that ultimately 

leads to increase of free fatty acid and disrupts the lipid metabolism in liver to occur 

dyslipidemia [4.15]. 

As per American Diabetes Association (ADA), FBG of ≥126mg/dl, PPBG of ≥200mg/dl 

and HbA1c of >6.5% is considered as diabetes. From this recommendation, our baseline 

characteristics of glycemic index observed that most of the enrolled patients were 

categorized in diabetes criteria. Ford et al reported that cardiometabolic disorders has a 

stronger link to precipitate into diabetes and related complications [4.21]. So, high blood 

glucose level may be considered as the prevalent factor of cardiometabolic disorders. 

This may be due to unhealthy and high carbohydrate diet among Gujarati’s which can 

lead to higher blood glucose among all the study population [4.6]. Analysis of baseline 

clinical characteristics between non-vitamin D and vitamin D group showed no 

significant difference (p>0.05) which suggests the similar distribution among both 

groups. 

According to the guidelines for diagnosing of cardiometabolic disorders, from the 

following five criteria, at least three criteria must be present for consideration of 

cardiometabolic syndrome, which includes “fasting blood triglycerides (TG) ≥ 150 

mg/dl. High density Lipoprotein level(HDL)  < 40 mg/dl in males and <50 mg/dl in 

females. Systolic blood pressure (SBP) ≥130 and/or diastolic blood pressure (DBP) ≥85 

mm Hg. Fasting Blood Glucose (FBG) ≥ 100 mg/dl. Waist circumference (WC) >102cm 
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in males or >88 cm in females” [4.22]. Patients were enrolled in our study based on this 

guideline. In our study, no. of criteria of cardiometabolic disorders found in enrolled 

patients were in the following decreasing order 4 (49%)>3 (40%)>5(35%). Clinical trial 

reported that four or five criteria of cardiometabolic disorders had increase in 3.7-fold 

and 24.5 fold risk for coronary heart disease (CHD) and diabetes respectively [4.23]. 

Zidi et al reported that high FBG was the strongest predictor for cardiometabolic 

disorders [4.24]. Among the characteristics of cardiometabolic disorders, FBG criterion 

was found among 100 % of the enrolled patients.  

According to the guidelines of Institute of Medicine (IOM), less than 12ng/ml of vitamin 

D level should be considered as vitamin D deficient [4.25]. In the present study, we 

enrolled the patients of cardiometabolic disorders with vitamin D deficiency according 

to this guideline. According to the study of American Diabetes Association 2019, it is 

reported that 25(OH)D level less than 12 ng/ml is required for substantially increase the 

risk of type 2 diabetes mellitus then treatment with vitamin D may be efficient in these 

subjects [4.26]. Clinical trials enrolled the patients of vitamin D deficiency with cut off 

level <20ng/ml [4.27] or included the patients of vitamin D insufficient [4.28] for 

vitamin D supplementation on cardiometabolic disorders. Boucher suggested that 

benefits of vitamin D supplementation can only be seen in vitamin D deficiency subjects 

on any non-skeletal outcome [4.29]. Another study also suggested that use of vitamin D 

supplementation would be beneficial on cardiometabolic disorders in vitamin deficient 

patients only [4.30]. 

Clinical trials registered till date to study the effect of vitamin D supplementation on 

cardiometabolic disorders reported inconsistent results. Reasons for these 

conflicting results could be attributed to the experiments were short term (less than six 

months), had limited sample size, different dosage regimen used in vitamin D, 

characteristics of patients, route of administration for vitamin D supplementation, 

defining of vitamin D deficiency level and threshold level of vitamin D level to achieve 

non calcaemic effects [4.27]. We had tried to address these issues in our present study.  
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In the present study, dosage regimen of 60,000IU/week for four weeks as loading dose 

and then maintenance dose of 60,000IU/month till 12 months was used to correct 

vitamin D deficiency levels. In this study, we used this dosage regime among vitamin D 

group subjects and reported statistically and clinically significant increase in vitamin D 

level when compared to non-vitamin D group. Same dosage regime was used in previous 

study and found consistent with our findings [4.31]. Furthermore, we adopted Holick's 

advice [4.32], which claimed that for a successful vitamin D deficiency treatment, a 

higher initial dose was needed to correct it to sufficiency level. This dosage regime was 

also proved to be safe and tolerable to the subjects in present study. 

Enrolled patients were diagnosed with cardiometabolic disorders, so the medications of 

antidiabetic (Glimepiride, Glyburide, Glipizide, Metformin), antihyperlipidemic 

(Rosuvastatin), antihypertensive (Ramipril, Losartan) were taken by them. Along with 

these medications, vitamin D supplementation was given to the patients of vitamin D 

group. Analysis of the medications used by the enrolled patients in both groups showed 

no significant difference (p>0.05) which reveals similar distribution of medications. So, 

observation in various data of cardiometabolic disorders in vitamin D group may be 

attributed to vitamin D supplementation. 

Our findings reported no significant difference on WC and BMI following the vitamin 

D supplementation at 12 months when compared to non-vitamin D group. Clinical trials 

also found similar findings as in our present study [4.31,4.28,4.33]. In contrast, Major et 

al reported significant reduction in WC following the supplementation of vitamin D and 

calcium for 15 weeks [4.34] and Khosravi etal reported significant reduction on BMI, 

WC in obese women following vitamin D supplementation of 50,000IU/week for 6 

weeks [4.35]. The reason behind these findings may be the use of calcium with vitamin 

D supplementation or enrollment of women patients only in their clinical trial. Duan et 

al reported that the female subjects were more sensitive to vitamin D supplementation 

to show beneficial effect on BMI and WC [4.36]. Furthermore, excess abdominal fat 

prevents the release of vitamin D into the bloodstream which decreases its bioavailability 

which ultimately cause cardiometabolic disorders [4.36]. From these studies, we may 
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predict that due to number of males are more than females in our study, we may not find 

significant difference of vitamin D supplementation in BMI and WC. 

Our results showed that following vitamin D supplementation cause significant decrease 

in SBP at six and twelve months when compared to non-vitamin D group in our study. 

The mean % reduction in SBP was found more in vitamin D group (3.16% and 5 %) 

than non-vitamin D group (2% and 4%) at 6 and 12 months respectively which suggests 

that vitamin D may help in reduction of SBP. No significant difference was observed in 

DBP of vitamin D group when compared to non-vitamin D group. There were some 

clinical trials which were consistent with our findings [4.37-4.41]. Golzarand et al 

reported in his meta-analysis study that vitamin D supplementation may significantly 

decrease DBP [4.42]. The failed effect of vitamin D supplementation on DBP in our 

study may be as the most patients were in normal range of DBP at baseline, which may 

result in no significant difference in vitamin D group as compared to non-vitamin D 

group. However, there were clinical trials that found no significant effect of vitamin D 

supplementation on BP [4.43-4.47]. The failed effect of vitamin D supplementation on 

BP in their studies may be due to the short duration of the trials and lack of proper 

loading dose administration in the trials. Proper dosage of loading dose is essential for 

initial correction of vitamin D deficiency which should followed by long term 

maintenance dose [4.31]. This factor was missing in the clinical trials which showed no 

significant effect of vitamin D supplementation on BP. The possible mechanism of 

action of vitamin D on blood pressure may be downregulation of RAS activity [4.48]. 

Our results showed that following vitamin D supplementation cause significant decrease 

in TG and VLDL among lipid profiles at twelve months when compared to non-vitamin 

D group. The mean % reduction of TG was more in vitamin D group (31%) than non-

vitamin D (9%) at 12 months which suggests that vitamin D supplementation may have 

role in reduction of TG level. No significant difference was observed in TC, LDL and 

HDL following the vitamin D supplementation. Clinical studies supported the similar 

findings as in our study [4.28,4.44]. Few clinical studies showed the beneficial effect of 

vitamin D on TC, LDL and HDL [4.49, 4.50]. Our study did not find significant effect 
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of vitamin on lipid profile except TG and VLDL, the reason may be that at baseline 

majority of subjects were in normal range in cholesterol level, above optimal range in 

LDL level and intermediate level in HDL level. However, there were clinical studies 

which reported the failed effect of vitamin D supplementation to improve lipid 

parameters after 12 months of vitamin D supplementation [4.34,4.51]. The failed effect 

of vitamin D supplementation on lipid profile may be due to inability to reach the mean 

threshold value of greater than 28-32 ng/ml of 25(OH)D level to get beneficial effect of 

vitamin D on lipid profile [4.52]. Literature review which explains the mechanism 

behind the effect of vitamin D on lipid profile as action of vitamin D effects on 

transcription activity of VDR and insulin induced gene-2(Insig-2) expression which 

downregulates Sterol regulatory element binding protein-2 (SREBP-2) and inhibitory 

action on 3-hydroxy-3-methyl glutaryl-coenzyme, a factor important for cholesterol 

biosynthesis which is shown in preclinical studies [4.49]. It may also decrease TG by 

increasing the activity of lipoprotein lipase [4.53].  

Our findings showed that following vitamin D supplementation cause significant 

decrease in FBG, PPBG and HbA1c when compared to non-vitamin D group at twelve 

months. The mean % reduction of FBG was more in vitamin D group (25%) than non-

vitamin D group (10%) at 12 months, which suggests that vitamin D supplementation 

may have a role in beneficial effect on glycemic indices. There were clinical trials which 

supports our findings [4.31,4.54,4.55]. In contrast, Ramly et al [4.27] , Harrsi et al [4.56], 

Ryu etal [4.57] , Wood et al [4.58] reported no significant effect of vitamin D 

supplementation on glycemic indices. The failed effect of vitamin D on glycemic indices 

may be the improper definition of vitamin D deficiency level at baseline [4.59], small 

sample size, dosage duration, vitamin D formulation [4.27].The mechanisms by which 

vitamin D may improve glycemic indices can be explained from the in vitro study which 

showed that following vitamin D supplementation, activation of VDR in beta cells of 

pancreas occurs which in turn causes insulin secretion and also causes increase 

responsiveness of glucose transport [4.31]. Animal studies also proved the effectiveness 

of vitamin D supplementation in insulin secretion [4.60].  
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We found significant increase of 25(OH)D level in vitamin D group when compared to 

non-vitamin D with no report of adverse events from the subjects of vitamin D group. 

Previous clinical trial with same dosage regimen also supported these findings 

[4.31].90.3% of overall subjects completed the study. Pleiotropic benefits of vitamin D 

may only be attained with 25(OH)D level higher than 28-32ng/ml [4.52]. Our study 

reported mean 25(OH)D level of 30.8ng/ml. 

Confounding factors always affect the study outcomes. Reports revealed that 5 to 30 

minutes of sunlight exposure to the arms and legs may be enough to maintain vitamin D 

level [4.61]. Dietary sources of vitamin D are thought to have a minor impact on serum 

25(OH)D levels [4.61]. Amount of physical activity helps in improvement of 

cardiometabolic disorders [4.19]. Therefore, possible confounding variables that were 

taken into account which can interfere on our study outcomes. We prepared 

questionnaires based on these confounding variables and approved by IEC. 

Questionnaires were filled up by the enrolled patients at baseline (0 month), 6 and 12 

months. Analysis of these confounding variables showed no significant difference in 

between the group analysis (p>0.05) at baseline, 6 months, and 12 months. It suggests 

that there was no involvement of confounding variables on our study outcome.  

Our study has few limitations. Small sample size used in our study did not conclude 

strong evidence for the use of vitamin D on cardiometabolic disorders. We have analysed 

only limited parameters of cardiometabolic disorders. Concomitant medications used by 

vitamin D group subjects may mask the beneficial effect of vitamin D on 

cardiometabolic disorders. 
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CHAPTER- 5 

Conclusions 

5.1      Summary and Conclusions 

✓ Cardiometabolic disorders with vitamin D deficiency is prevalent in Gujarati 

ethnicity of Ahmedabad population  

✓ Vitamin D deficiency may be a highly prevalent risk factor for cardiometabolic 

disorders 

✓ Our study reported the prevalence of cardiometabolic disorders is more in male than 

female, and more in middle age group population (45-65) years. 

✓ No. of symptoms of cardiometabolic disorders found in enrolled patients in the 

following decreasing order 4 (49%)>3 (40%)>5(35%).  

✓ Our study reported the prevalence in the criteria of cardiometabolic disorders in the 

following decreasing order as FBG (100%)>SBP/DBP (92.5%)>TG (86.6%)>HDL 

(65.8%)>WC (59.5%) 

✓ Vitamin D supplementation led to significant increase in 25(OH)D level at 12 months 

as compared to non-vitamin D group 

✓ Vitamin D supplementation led to significant reduction in SBP at 6 and 12 months as 

compared to non-vitamin D group 

✓ Vitamin D supplementation led to significant reduction in TG, VLDL, FBG, PPBG, 

HbA1c level at 12 months as compared to non-vitamin D group 
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Our data with respect to objectives conclude that vitamin D deficiency may be a potent 

risk factor for cardiometabolic disorders. Correction of vitamin D deficiency may be 

an effective treatment option for cardiometabolic disorders. Vitamin D 

supplementation may be effective in vitamin D deficient subjects to achieve benefits of 

cardiometabolic disorders. Given its relatively wide safety margin, it may be a vital, 

safe and inexpensive therapy to improve cardiometabolic disorders. Further, future long 

term controlled clinical trials with large sample size is needed to confirm the findings. 
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Informed Consent Form in English 

 

 

 

 



Annexures 

 

 

Patient Information leaflet in English 

Patient Information leaflet 

 

 

Principal Investigator:       Dr. Anant Yadav 

                                              M.D.       

 

 

                                     

 

Name of Patient: 

 

 

Title: “EFFECT OF VITAMIN D SUPPLEMENTATION IN PATIENTS WITH 

CARDIOMETABOLIC DISORDERS”-A CLINICAL STUDY IN 

AHMEDABAD POPULATION 

 

You are invited to take part in this research study. The information in this document is   

meant to help you decide whether or not to take part. Please feel free to ask if you 

have any queries or concerns. 

You are being asked to participate in this study being conducted in Tej Hospital, 

Ahmedabad because you satisfy our eligibility criteria which are: 

 

(1) Diagnosis of Cardiometabolic Disorders 

(2) Age between 18 to 75 years 

(3) Low Vitamin D level 
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What is the purpose of research? 

Cardiometabolic disorders are a constellation of metabolic dysfunction characterized 

by insulin resistance and impaired glucose tolerance, atherogenic dyslipidemia, 

hypertension and intra-abdominal adiposity. Cardiometabolic disorders including 

cardiovascular disease (CVD), type 2 diabetes mellitus (DM) and metabolic syndrome 

(MetS) are major causes of morbidity and mortality worldwide. We want to check the 

beneficial effect of vitamin D supplementation to prevent from cardiometabolic 

disorders. This supplementation has been found to possess good benefit in earlier  

foreign studies. 

In the present study, we plan to see that vitamin D supplementation may prevent the 

cardiometabolic disorders in Vitamin D deficient patients by prospective study. We 

have obtained permission from the Ethics Committee for conducting this study. 

The study design 

This study is an Open-label, Randomized, Parallel, Single Centric, & Prospective 

Study. Approximately 150 patients are involved in this study with Cardiometabolic 

Disorders. The data will be recorded from you that will include diagnosis and current 

complaints, including their severity, necessary blood test for cardiometabolic 

disorders, questionnaires, medical history, consultations, current treatments, as well as 

other health service use. 

Information on Cholecalciferol 

 The drug we are testing in this research is called Cholecalciferol (Vitamin D3). It has 

 been tested before with people with cardiometabolic disorders. Some positive outcomes  

 of this drug on cardiometabolic disorders in Vitamin D deficient patients were also  

 reported.  We now want to test the drug on people with cardiometabolic disorders  

  in Ahmedabad population.  

You should know that it has a few side effects. There is no presence of adverse event 

is still seen with dosages of drug we will give to you. In rare cases, hypercalcemia, 

nausea and vomiting may occur.  Also, people who tried the drug in previous research 

have never been reported of adverse effects. We know of no other problem or risks. 

Some participants in the research will not be given the drug which we are testing. 

There is minimal risk associated with drug and no known problems.  
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Study Procedures 

The study involves evaluation the effects of vitamin D supplementation in patients 

with cardiometabolic disorders. For which we will be monitoring the parameters of 

cardiometabolic disorders obtained from blood test or any other relevant test. Once 

you are enrolled in the study, you will be required to follow the instructions diet / 

avoid alcohol / smoking / any other precautions. We will make 2 groups. One group is 

vitamin D group and other one is non-vitamin D group. You will be given vitamin D 

supplementation if you get vitamin D block (as per block randomisation) group by 

randomization process, which you will need to take Cholecalciferol 60000IU /weekly 

for 4 weeks and then the dosage will be 60000IU/monthly for vitamin D group and 

non-vitamin D group will not receive the test drug. We are doing this for checking the 

efficacy of Cholecalciferol on cardiometabolic disorders. Total period of study is for 

12 months. 

✓ In this study you will have to answer a few questions about your health and 

then fill up of questionnaires regarding sun exposure, physical activity and diet 

at 0 month (baseline), 6months and 12 months. Questionnaires will be either 

answered on visit at clinic or by telephonic conversation. In this study we will 

record necessary data obtained in 0 month (baseline), 6 months and 12 months 

respectively. 

✓ In this study you will have to come for 3 visits at clinic. We will take 5 ml of  

blood from your arm using a syringe and needle at each visit. Each time we 

will take about this much blood. At the end of the research, in 1 year, any left 

over blood sample will be destroyed.  

✓ In the first visit, 5ml of blood, which is slightly more than teaspoon will be 

taken from your arm with a syringe. This blood will be tested for the levels 

which are required for treatment of cardiometabolic disorders for both groups. 

In this study we will check lipid profile, fasting blood glucose, post prandial 

blood glucose, Hb1Ac level. 

We will also ask you a few questions about your general health, ethnic origin, 

and will check vitamin D level, blood pressure, heart rate, waist 

circumference, height and weight. Vitamin D group will receive 9 

Cholecalciferol (60,000 IU) supplements which will be given  according to 

dosage regimen by the pharmacist at the department of pharmacy of Tej 
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Hospital. You can also be instructed to maintain dairy for your dosage of drug. 

As explained before, you and we will know whether you have received the test 

drug or not. 

✓ At the next visit, which will be at 6 months , you will be again follow the same 

procedure as first visit. Vitamin D subject will receive 6 Cholecalciferol 

(60,000 IU) supplements as per dosage regimen by the pharmacist at the 

department of pharmacy of Tej Hospital for the last time. 

✓ At the third visit, which will be at 12 months you will be again follows the 

same procedure as previous visits. No further study drug will be given.  

Duration: In total, you will be asked to come 3 times to the clinic, 3 times 

(each visit) the 5ml of blood will be taken from you in 12 months. At the end 

of twelve months, the research will be finished. 

Possible risks to you 

If you follow our dosage regimen then there is no risk involved in participating in this 

study.  

Possible benefits to other people 

The results of the research may provide benefits to the society and medical knowledge 

to future patients. This study will help to evaluate the vitamin D effectiveness, with 

improvement in parameters like heart rate, blood pressure, lipid profile, blood glucose 

level. A scientific evidence can be obtained that it works in best efficiency in vitamin D 

deficient patients with cardio metabolic disorders.  

What should you do in case of injury or a medical problem during this research 

study? 

Your safety is the prime concern of the research. If you are injured or have a medical 

problem as a result of being in this study, you should contact one of the people listed 

at the end of the consent form. You will be provided the required care/treatment. You 

will be entitled to your legal rights besides this. 

Confidentiality of the information obtained from you 

You have the right to confidentiality regarding the privacy of your medical 

information (personal details, results of physical examinations, investigations, and 

your medical history). By signing this document, you will be allowing the research 

team investigators, other study personnel, institutional ethics committee and any 
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person to view your data, if required. The results of clinical tests and therapy 

performed as part of this research may be included in your medical record. The 

information from this study, if published in scientific journals or presented at 

scientific meetings, will not reveal your identity. 

Compensation for participation 

It is voluntary decision of subjects to participate in study but indirect waving of fees 

in case of adverse event. As per routine check-up patients have to come for 12 

months.  Only Cholecalciferol will be given from hospital as free of charge. 

Compensation for study related injury 

Since there is no report of adverse effect of vitamin D supplementation of adequate 

dose up to 60000 IU in vitamin D deficiency patients, so there is no risk of any injury. 

If still injury occurs free treatment will be given as compensation by investigator. 

Benefits if any on future commercialization 

There is no future commercialization 

Consent for future use of biological material 

Not applicable 

Alternatives to participation 

There are no alternatives to participation. 
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Contact persons: For further information / questions, you can contact us at the 

following    address:  

 

• Principal Investigator: Dr. Anant Yadav 

                                       MD 

                                                   Diabetologist & Cardiac Physician 

                                                   Tej Hospital,Vastrapur, Ahmedabad      

                                                   Ph no: 9825008818 

                                                   E-mail: dranantyadav@yahoo.com 

• Name of the institution: Tej Hospital, Ahmedabad 

 

 

In case of conflicts, you can contact the chairperson (convener) of our 

institutional ethics committee at the following address: 

Name: Dr. Kinal Shah 

Chairperson 

Riddhi Medical Nursing Home 

A-101, Jalaram Plaza, Jawahar Chowk 

Maninagar-380008 

Institutional Ethics Committee 

Contact No.: 9879584681 
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Patient consent form in English 

Patient consent form 

 

Title of the study: - “EFFECT OF VITAMIN D SUPPLEMENTATION IN          

PATIENTS WITH CARDIOMETABOLIC DISORDERS”-A 

CLINICAL STUDY IN AHMEDABAD POPULATION 

 

Name of the patient: ____________________________________________ 

Name of the Principal Investigator/Co-PI: ______________________________ 

Name of the Institution: ____________________________________________ 

 

 

Documentation of the informed consent 

 

I, … … … … … … … … …., have read the information in this form (or it has been 

read to me). I was free to ask any questions and they have been answered. I am over 

18 years of age and, exercising my free power of choice, hereby give my consent to 

be included as a participant in “Effect of Vitamin D supplementation in Patients with 

Cardiometabolic disorders”- A clinical study in Ahmedabad population. 

 (1) I have read and understand this consent form and the information provide to me. 

(2) I have the consent document explain to me. 

(3) I have been explained about the nature of the study. 

(4) My rights and responsibilities had been explained to me by the investigator. 

(5) I hereby give permission to the investigators to release the information obtained 

from me as result of participation in this study to the regulatory authorities, 

Government agencies and ethics committee. I understand that they may inspect my 

original records. 

(6) I have informed the investigator of all the treatments I am taking or have taken in 

the   past… … .months including any desi(alternative) treatments. 

 (7) My identity will be kept confidential if my data are publicly presented. 

(8) I have my questions answered to my satisfaction. 

(9) I have decided to be in the research study. 
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I am aware, that if I had any questions during this study, I should contact at 

one of the addresses listed above. By signing this consent from, I attest that the 

information given in this document and if I found uncomfortable during the study 

then I have the right to withdraw from the trial. I will be given a copy of this consent 

document. 

 

 

Name and signature / thumb impression of the participant (or legal 

representative/impartial witness if participant incompetent): 

_________________ (Name) ___________ (Signature) 

 

Date: __________ Time: ________ 

 

 

 

Name and signature of impartial witness (required for illiterate patients): 

__________________ (Name) ___________ (Signature) 

Date: __________ Time: _________ 

Address and contact number of the impartial witness: ___________________ 

______________________________________________ 

 

 

 

Name and signature of the Investigator or his representative obtaining consent: 

____________________ (Name) _________________ (Signature) 

____________________ (Date) 
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Investigator Certificate in English 

Investigator Certificate 

 

I certify that all the elements including the nature, purpose and possible risks of the 

above study as described in this consent document have been fully explained to the 

subject. In my judgment, the participant possesses the legal capacity to give informed 

consent to participate in this research and is voluntarily and knowingly giving 

informed consent to participate. 

 

 

Signature of the Investigator: ________________ Dated: __________ 

Name of the Investigator: ___________________ 
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ANNEXURE-II 

 
Informed Consent Form in Gujarati 

 

 

 

 



પરિશિષ્ટો 

 

 

દદી માટેની માહિતી પત્રિકા – ગજુરાતીમાાં 

દદી માટેની માહિતી પત્રિકા 

 

 

મખુ્ય સાંશોધક:   ડો. અનાંત યાદવ 

એમ.ડી.       
 

 

                                     

 

દદીનુાં નામ: 

 

 

શીર્ષક: “હૃદય સાંબાંધી ચયાપચયના ત્રવકારો ધરાવતા દદીઓમાાં ત્રવટાત્રમન-ડી પરૂકની 

અસર” - અમદાવાદની વસ્તીમાાં એક ચચહકત્સકીય અધ્યયન” 

 

આ સિંોધનના અધ્યયનમા ંભાગ લેવા માટે આપને આમશંિત કિવામા ંઆવે છે. આ 

દસ્તાવેજની મારિતી આપને આ અધ્યયનમા ંભાગ લેવો કે ન લેવો તે નક્કી કિવામા ં

મદદરૂપ થિે. આપને કોઈ પ્રશ્નો િોય કે ચ િંતાઓ િોય તો કૃપા કિીને તે શનિઃસકંો પણે 

પછૂિો. 

તેજ િોસ્સ્પટલ, અમદાવાદમા ંિાથ ધિવામા ંઆવતા આ અધ્યયનમા ંભાગ લેવા માટે 

આપને પછૂવામા ંઆવે છે કેમકે આપ અમાિી યોગ્યતાના માપદંડને સતંોષો છો કે જે આ 

મજુબ છે: 

(૧) હૃદય સબંધંી  યાપ યના શવકાિનુ ંશનદાન 

(૨) ઉમિ – ૧૮ થી ૭૫ ની વચ્ ે 

(૩) શવટામીન-ડી નુ ંનીચુ ંસ્તિ 
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સાંશોધનનો િતે ુશુાં છે ? 

હૃદય સબંધંી  યાપ યના શવકાિ એ  યાપ ય સબંધંી િાનીનુ ં સમિૂ છે કે જે  

ઇન્સસ્યલુીનનો સામનો અને ગ્લકુોઝ પ્રત્યેની સિનિીલતામા ંઘટાડો, લોિીમા ં િબી સાથ ે

લીપીડની અસામાન્સય માિાની સ્સ્થશત, ઉચ્  િક્ત ાપ અને આંતિ પેટ  િબીયકુ્ત 

િોવાની લાક્ષણીકતાઓ ધિાવે છે. હૃદય સબંધંી  યાપ યના શવકાિ કે જેમા ંસમાશવષ્ટ 

રુશધિાચભસિણ તિંને લગતા િોગ (સી.વી.ડી.), ટાઈપ ૨ ડાયાબીટીસ મેલીટસ 

(ડી.એમ.) અને  યાપ ય સબંધંી લક્ષણો એ સમગ્ર શવશ્વમા ંિોગ અને મતૃ્યદુિના મખુ્ય 

કાિણો છે. હૃદય સબંધંી  યાપ યના શવકાિને અટકાવવા અમ ે શવટામીન ડી પિૂકની 

લાભકાિક અસિ તપાસવા માગંીએ છીએ. આ પિૂક અગાઉના શવદેિી અધ્યયનનોમા ં

સાિા ફાયદા ધિાવે છે.  

િાલના અધ્યયનમા,ં સભંશવત અધ્યયન દ્વાિા અમે શવટાશમન ડીની ખામીવાળા 

દદીઓમા ં શવટાશમન ડી પિૂક હૃદય સબંધંી  યાપ યના શવકાિને અટકાવી િકે છે ત ે

જોવા માગંીએ છીએ. અમે નૈશતક સશમશત પાસેથી આ અધ્યયન કિવા માટેની 

પિવાનગી મેળવી લીધેલ છે.  

અધ્યયનની યોજના 

આ અધ્યયન એક ઓપન લેબલ, આકસ્સ્મકતાવાળો, સમાતંિ, એક કેન્સર ખાતે અને 

સભંશવત અધ્યયન છે. હૃદય સબંધંી  યાપ યના શવકાિ ધિાવતા આિિે ૧૫૦ 

દદીઓનો સમાવેિ કિવામા ં આવેલ છે. શનદાન અને િાલની ફરિયાદોરૂપી મારિતી 

આપણી પાસેથી નોંધવામા ંઆવિે કે જેમા ંગભંીિતા, હૃદય સબંધંી  યાપ યના શવકાિો 

માટે જરૂિી લોિીના પિીક્ષણ, પ્રશ્નોત્તિી, તબીબી ઈશતિાસ, મસલત, િાલની સાિવાિો 

તેમજ અન્સય સ્વાસ્્ય સેવાઓના ઉપયોગનો સમાવિે થાય છે. 
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કોલેકેલ્સીફેરોલની ત્રવગતો 

આ સિંોધનમા ં જે દવાનુ ં જે અમે પિીક્ષણ કિી િહ્યા છીએ તેન ે

કોલેકેલ્સીફેિોલ(શવટામીન ડી૩) કિવેામા ં આવે છે. તેનુ ં હૃદય સબંધંી  યાપ યના 

શવકાિ ધિાવતા દદીઓમા ં અગાઉ પિીક્ષણ થઇ ચકુ્ુ ં છે. શવટામીન ડી ની ખામી 

ધિાવતા હૃદય સબંધંી  યાપ યના શવકાિ ધિાવતા દદીઓ પિ આ દવાના કેટલાક 

સકાિાત્મક પરિણામો પણ નોંધવામા ંઆવ્યા િતા. અમે િવે અમદાવાદની વસ્તીમા ં

હૃદય સબંધંી  યાપ યના શવકાિ ધિાવતા લોકોમા ંઆ દવાનુ ંપિીક્ષણ કિવા માગંીએ 

છીએ.  

આપે એ જાણવુ ંજોઈએ કે તેની કેટલીક આડ અસિો પણ છે. અમે આપને જે દવાનુ ં

પ્રમાણ આપવાના છીએ તેમા ં કોઈ શવપિીત ઘટના આજસધુી દેખાયેલ નથી. જૂજ 

રકસ્સાઓમા,ં કેલ્લ્િયમનો અત્યાશધક પ્રમાણ, ઉબકા અને ઉલટી થઇ િકે છે. વધમુા,ં 

પિલેાનંા ં સિંોધનમા ંજેઓએ આ દવા લીધેલ છે તેઓએ ક્યાિેય પણ આડઅસિોની 

જાણ કિેલ નથી. અમે અન્સય કોઈ અન્સય સમસ્યા કે જોખમો શવષે જાણતા નથી. અમે જે 

દવાનુ ંપિીક્ષણ કિી િહ્યા છીએ ત ેકેટલાક પ્રશતભાગીઓને આ સિંોધનમા ંઆપીશુ ંનરિ. 

આ દવા સાથે નિીવત જોખમ જોડાયેલુ ં છે અને જાણમા ં િોય તેવી કોઈ સમસ્યા 

જોડાયેલ નથી.  

અધ્યયનની પ્રહિયાઓ 

આ અધ્યયનમા ં હૃદય સબંધંી  યાપ યના શવકાિ ધિાવતા દદીઓમા ં શવટાશમન ડી 

પિૂકની અસિોના ં મલૂ્યાકંનનો સમાવેિ થાય છે. જેના માટે િક્ત પિીક્ષણ અથવા 

કોઈપણ અન્સય સબંશંધત પિીક્ષણમાથંી મેળવેલ હૃદય સબંધંી  યાપ યના શવકાિના ં

પરિમાણોનુ ંઅમે શનિીક્ષણ કિીશુ.ં એક વખત તમે અધ્યયનમા ંનોંધાઈ જાઓ ત્યાિબાદ 

આપે આિાિ / દારૂનુ ં સેવન / ધમુ્રપાન ટાળવુ ં / અન્સય કોઈ સાવ ેતી ને લગતા 
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સ ૂનોનુ ંપાલન કિવાનુ ંિિિેે. અમે બે સમિૂ બનાવીશુ.ં એક શવટામીન ડી સમિૂ િિ ે

અને અન્સય શવટામીન ડી શવનાનુ ંસમિૂ િિે. જો આપ યાદલ્ચ્છક પ્રરિયા દ્વાિા શવટામીન 

ડી અવિોશધત (અવિોશધત અવિોધ દ્વાિા) ના ંસમિૂમા ંઆવિો તો આપને શવટામીન ડી 

પિૂક આપવામા ં આવિે કે જેમા ં આપે કોલેકેલ્સીફેિોલ૬૦૦૦૦ IU પ્રશત સપ્તાિ ૪ 

અઠવાડીયા સધુી લેવાની િિિેે અને ત્યાિબાદ પ્રમાણ ૬૦૦૦૦IU પ્રશત માસ િિિેે અન ે

શવટામીન ડી શવનાનુ ંસમિૂને પિીક્ષણ િઠેળની દવા આપવામા ંઆવિે નરિ. અમે આવુ ં

હૃદય સબંધંી  યાપ યના શવકાિો પિ કોલેકેલ્સીફેિોલની અસિકાિકતા તપાસવા કિી 

િહ્યા છીએ. અધ્યયનનો સમયગાળો ૧૨ મરિનાનો િિિેે. 

✓ આ અધ્યયનમા ં આપે આપના સ્વાસ્્યને લગતા કેટલાક પ્રશ્નોના ં જવાબ 

આપવાના િિિેે અને ત્યાિબાદ સયૂયપ્રકાિના સપંકયમા ંઆવવા, િાિીરિક પ્રવશૃત્ત 

અને આિાિને લગતી પ્રશ્નાવલી ૦ મિીને (આધાિિેખા), ૬ મિીને તથા ૧૨ 

મરિના માટે ભિવાનુ ં િિિેે. પ્રશ્નાવલીના ઉત્તિો કલીનીક ખાતેની મલુાકાત 

વખતે અથવા ટેલીફોશનક વાત ીત દિશમયાન આપવાના િિિેે. આ 

અધ્યયનમા ંઅમે અનિુમે ૦ મિીને (આધાિિેખા), ૬ મિીને તથા ૧૨ મિીને 

જરૂિી ડેટા મેળવી નોંધીશુ.ં 

✓ આ અધ્યયનમા ંઆપે કલીનીક ખાતે ૩ વખત આવવાનુ ંિિિેે. દિેક મલુાકાત 

વખતે અમે આપના િાથમાથંી શસિીંજનો ઉપયોગ કિીને ૫ શમ.લી. લોિી લઈશુ.ં 

અમે દિેક વખતે લગબગ આટલુ ંલોિી લઈશુ.ં સિંોધનના ંઅંતમા,ં ૧ વષયમા,ં 

કોઈ વધેલા લોિીના નમનૂાનો નાિ કિવામા ંઆવિે.  

✓ પિલેી મલુાકાતમા,ં આપના િાથમાથંી શસિીંજનો ઉપયોગ કિીને, ૫ શમ.લી. લોિી, 

કે જે એક  મ ી કિતા ંથોડુ ંવધ ુછે તે લવેામા ંઆવિે. બનંે સમિૂ માટે, હૃદય 

સબંધંી  યાપ યના શવકાિોની સાિવાિ માટે જરૂિી સ્તિની તપાસ કિવા માટે 
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આ લોિીનુ ંપિીક્ષણ કિવામા ંઆવિે. આ અધ્યયનમા,ં અમે લીપીડ પ્રોફાઈલ, 

ભખૂ્યા પેટે લોિીમા ંિકયિા, જમ્યા બાદ લોિીમા ંિકયિા, એ બીએ૧સ ી, સ્તિ ની 

તપાસ કિીશુ.ં 

✓ અમે આપને આપના સામાન્સય સ્વાસ્્ય, વિંીય મળૂ શવષે કેટલાક પ્રશ્નો પછૂીશુ ં

અને આપના શવટામીન ડી નુ ં સ્તિ, િક્ત ાપ, હૃદયના ધબકાિાના ંદિ, કમિનુ ં

પરિઘ, ઊં ાઈ અને વજનની તપાસ કિીશુ.ં તેજ િોસ્સ્પટલના ંફામયસી શવભાગમા ં

ફામાયશસસ્ટ દ્વાિા દવાના પ્રમાણની પદ્ધશત અનસુાિ શવટામીન ડી સમિૂને ૯ 

કોલેકેલ્સીફેિોલ (૬૦૦૦૦ IU) પિૂવણીઓ પ્રાપ્ત થિ.ે 

✓ આપની દવાની માિા માટે એક િોજનીિી શનભાવવા માટે પણ આપને સચૂ ત 

કિવામા ંઆવિે. અગાઉ સમજાવ્યા મજુબ, આપ અથવા મે જાણતા િશુ ંકે આપે 

પિીક્ષણ િઠેળની દવા મેળવેલ છે કે નરિ. 

✓ ત્યાિબાદની મલુાકાતમા,ં કે જે ૬ મરિના પિ િિ,ે તેમા ંઆપ પ્રથમ મલુાકાત 

મજુબની પ્રરિયાનુ ં જ પાલન કિિો. શવટામીન ડી સમિૂને તેજ િોસ્સ્પટલના ં

ફામયસી શવભાગમા ં ફામાયશસસ્ટ દ્વાિા દવાના પ્રમાણની પદ્ધશત અનસુાિ અંશતમ 

વખત માટે ૬ કોલેકેલ્સીફેિોલ (૬૦,૦૦૦ IU) પિૂવણીઓ પ્રાપ્ત થિે. 

✓ િીજી મલુાકાત વખતે કે જે ૧૨ મરિનાઓ પિ િિ,ે આપ અગાઉની મલુાકાતો 

મજુબની પ્રરિયાઓનુ ંજ પાલન કિિો. અધ્યયનની વધ ુદવા આપવામા ંઆવિે 

નરિ. 

સમયગાળો : ૧૨ મરિનામા ં કલીનીક ખાતે આપને કુલ ૩ વખત આવવા માટે 

કિવેામા ંઆવિે, ૩ વખત (દિેક મલુાકાત વખતે) આપનામાથંી ૫ શમ.લી. લોિી 

લેવામા ંઆવિે. બાિ મરિનાના અંતે, સિંોધન પરંુૂ થિે. 

આપને સાંબાંત્રધત જોખમો 
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જો આપ અમે દવાની માિાની પદ્ધશતનુ ંપાલન કિિો તો આ અધ્યયનમા ંભાગ લેવામા ં

કોઈ જોખમનો સમાવેિ થતો નથી.  

અન્ય લોકોને સાંભત્રવત લાભ 

સિંોધનના પરિણામો સમાજને ફાયદા પિુા પાડી િકે છે અને ભશવષ્યના દદીઓન ે

તબીબી જ્ઞાન આપી િકે છે. આ અધ્યયન હૃદયના ધબકાિાનો દિ, િક્ત ાપ, ચલશપડ 

પ્રોફાઇલ, િક્તમા ં િકયિાનુ ં સ્તિ જેવા પરિમાણોમા ં સધુાિાની સાથે શવટાશમન ડી 

અસિકાિકતાનુ ંમલૂ્યાકંન કિવામા ંમદદ કિિે. વૈજ્ઞાશનક પિુાવા મેળવી િકાય છે કે તે 

હૃદય સબંધંી  યાપ યના શવકાિ ધિાવતા શવટામીન ડી ની ઉણપ ધિાવતા દદીઓમા ં

ઉત્તમ કાયયક્ષમતા સાથે કાયય કિે છે.  
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આ સાંશોધન અધ્યયન દરત્રમયાન જો આપને કોઈ ઈજા થાય અથવા કોઈ તબીબી 

સમસ્યાનાાં હકસ્સામાાં આપે શુાં કરવુાં જોઈએ? 

આપની સલામતી એ આ સિંોધનની મખુ્ય ચ િંતા છે. આ અધ્યયનમા ંિોવાને લીધે જો 

આપ ઈજાગ્રસ્ત થાઓ અથવા આપને કોઈ તબીબી સમસ્યા થાય તો આપે આ સમંશત 

પિકના ં અંતમા ં સ ૂીબદ્ધ વ્યસ્ક્તઓમાથંી એકનો સપંકય કિવો. આપને જરૂિી 

દેખભાળ/સાિવાિ પિૂી પાડવામા ંઆવિે. આ શસવાય, આપ આપને મળતા કાયદાકીય 

િકો માટે િકદાિ િિો. 

આપની પાસેથી મેળવેલ માહિતીની ગોપનીયતા 

તમાિી તબીબી મારિતી (અંગત શવગતો, િાિીરિક તપાસના ંપરિણામો, પિીક્ષણો અને 

આપનો તબીબી ઈશતિાસ)ની ગોપનીયતાની બાબત ેતમને ગપુ્તતાનો અશધકાિ છે. આ 

દસ્તાવેજમા ંસિી કિવાથી સિંોધન ટીમના ંસિંોધકો, અધ્યયનના ંઅન્સય કમય ાિીઓ, 

સસં્થાગત નૈશતક સશમશત અને જો જરૂિ પડે તો અન્સય કોઈ પણ વ્યસ્ક્તને આપનો ડેટા 

જોવા માટે આપ પિવાનગી આપિો. આ સિંોધનના ં ભાગરૂપે કિવામા ં આવતા 

ચ રકત્સકીય પિીક્ષણો અને ચ રકત્સાના પરિણામો આપના તબીબી િેકોડયમા ંસમાવવામા ં

આવિે. આ અધ્યયનમાનંી મારિતી જો વૈજ્ઞાશનક જનયલ્સમા ંપ્રકાશિત કિવામા ંઆવે કે 

વૈજ્ઞાશનક બેઠકોમા ંપ્રસ્તતુ કિવામા ંઆવિે તો આપની ઓળખ જાિિે કિિે નિીં. 

ભાગ લેવા બદલ વળતર 

આ અધ્યયનમા ંભાગ લવેાનો શનણયય વ્યસ્ક્તઓનો સ્વૈલ્ચ્છક શનણયય છે, શનયશમત  ેક-

અપ દદીઓએ 12 મરિના માટે આવવુ ંપડિે. ફક્ત કોલેકેલ્સીફેિોલજ િોસ્સ્પટલમાથંી 

મફતમા ંઆપવામા ંઆવિે. 
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અધ્યયનને સાંબાંત્રધત ઈજા માટેનુાં વળતર 

શવટામીન ડી ની ખામી ધિાવતા દદીઓમા ં શવટામીન ડી પિૂકનુ ં ૬૦૦૦૦ IU સધુીનુ ં

પયાયપ્ત પ્રમાણ સધુી કોઈ શવપિીત અસિ નોંધાયેલ ન િોવાથી કોઈ ઈજાનુ ં જોખમ 

િિલેુ ં નથી. જો તેમ છતા ં ઈજા થાય તો વળતિ રૂપે સિંોધક દ્વાિા મફત સાિવાિ 

આપવામા ંઆવિે. 

ભત્રવષ્યમાાં વ્યાપારીકરણ થાય તો તેના પર કોઈ લાભ, જો કોઈ િોય તો 

ભશવષ્યમા ંકોઈ વ્યાપાિીકિણ નિીં થાય 

જૈત્રવક સામગ્રીનો ભત્રવષ્યમાાં ઉપયોગ કરવા અંગેની સાંમત્રત 

લાગ ુપડત ુ ંનથી. 

ભાગ લેવા પરના ત્રવકલ્પો 

ભાગ લેવા પિના કોઈ શવકલ્પો નથી. 

સાંપકષ માટેની વ્યક્તતઓ:  

વધ ુમારિતી / પ્રશ્નો માટે આપ ની ેના સિનામે અમાિો સપંકય કિી િકો છો : 

• મખુ્ય સાંશોધક:  ડો. અનાંત યાદવ 

એમ.ડી. 
ડાયાબીટોલોજીસ્ટ અને હૃદયના ચ રકત્સક 

તેજ િોસ્સ્પટલ, વસ્ત્રાપિુ, અમદાવાદ 

ફોન નાં.: ૯૮૨૫૦૦૮૮૧૮ 

ઈ-મેલ: dranantyadav@yahoo.com                             

• સાંસ્થાનુાં નામ:   તેજ િોસ્સ્પટલ, અમદાવાદ 
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ત્રવરોધાભાસનાાં હકસ્સામાાં, આપ અમારી સાંસ્થાગત નૈત્રતક સત્રમત્રતનાાં ચેરપસષન (ત્રનમાંિક) 

નો નીચેના સરનામે સાંપકષ કરી શકો છો: 

નામ: ડો. હકનલ શાિ 

ચેરપસષન 

હરદ્ધિ મેહડકલ નત્રસિંગ િોમ 
એ-૧0૧, જલારામ પ્લાજા, જવાિર ચૌક, 
મચણનગર-3૮000૮ 
સાંસ્થાગત નૈત્રતક સત્રમત્રત 

સાંપકષ નાં.: ૯૮૭૯૫૮૪૬૮૧ 
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દદીનુાં સાંમત્રત પિક – ગજુરાતીમાાં 

દદીનુાં સાંમત્રત પિક 

 

અધ્યયનનુાં શીર્ષક: “હૃદય સાંબાંધી ચયાપચયના ત્રવકારો ધરાવતા દદીઓમાાં ત્રવટાત્રમન-

ડી પરૂકની અસર” - અમદાવાદની વસ્તીમાાં એક ચચહકત્સકીય 

અધ્યયન 

 

દદીનુાં નામ: ____________________________________________ 

મખુ્ય સાંશોધક/સિ-મખુ્ય સાંશોધકનુાં નામ: ______________________________ 

સાંસ્થાનુાં નામ: ____________________________________________ 

 

 

માહિતીપણૂષ સાંમત્રતનુાં દસ્તાવેજીકરણ 

 

હુ,ં … … … … … … … … …., આ પિકમાનંી મારિતી વા ંી છે (અથવા તે મને વા ંી 

સભંાળાવી છે).  હુ ંકોઈ પ્રશ્નો પછૂવા માટે સ્વતિં િતો અને તેનો જવાબ આપવામા ંઆવ્યો 

િતો. માિી ઉંમિ ૧8 વષયથી વધ ુછે અને પસદંગીની સ્વતિં િસ્ક્તનો ઉપયોગ કિીને, 

“હૃદય સબંધંી  યાપ યના શવકાિો ધિાવતા દદીઓમા ંશવટાશમન- ડી પિૂકની અસિ” - 

અમદાવાદની વસ્તીમા ંએક ચ રકત્સકીય અધ્યયન મા ંએક સિભાગી તિીકે સમાવેિ 

કિવા આથી માિી સમંશત આપુ ંછ.ં 

 

 

(૧) મેં આ સમંશત પિક વાચં્યુ ંછે અને મને પિૂી પાડવામા ંઆવેલી મારિતી સમજી છે. 

(૨) માિી પાસે જે સમંશત દસ્તાવેજ છે તે મને સમજાવવામા ંઆવેલ છે.  
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(૩) આ અધ્યયનના સ્વરૂપ શવષે મને સમજાવવામા ંઆવેલ છે. 

(૪) સિંોધક દ્વાિા માિા િકો અને જવાબદાિીઓ મને સમજાવવામા ંઆવી છે. 

(૫) કોઈ દેિી(વૈકલ્લ્પક) સાિવાિ સિીતની િાલમા ંલઇ િિલે સાિવાિ અથવા પાછલા 

............... મરિનાઓમા ંલીધે તમામ સાિવાિ અંગે સિંોધકને મેં જાણ કિી છે. 

(૬) આ અધ્યયનમા ં ભાગ લેવાના ં પરિણામ સ્વરૂપે માિી પાસેથી લેવામા ં આવેલી 

મારિતી શનયિંક સત્તાધીિો, સિકાિી એજન્સસીઓ અને નૈશતક સશમશતને જાિિે 

કિવા માટે સિંોધકને આથી અમાિી સમંશત આપુ ંછ.ં 

(૭) જો માિો ડેટા સાવયજશનક રૂપે પ્રસ્તતુ કિવામા ંઆવિે તો માિી ઓળખ ગોપનીય 

િખાિે. 

(૮) મને માિા પ્રશ્નોનો સતંોષકાિક જવાબ આપવામા ંઆવ્યો છે. 

(૯) મેં આ સિંોધન અધ્યયનમા ંભાગ લેવાનુ ંનક્કી કયુું છે.  

હુ ંવાકેફ છ ંકે, જો આ અભ્યાસ દિશમયાન મન ેકોઈ પ્રશ્નો િોય તો ઉપિ સચૂ બદ્ધ 

સિનામામંાથંી એક પિ સપંકય કિવો જોઈએ. આ સમંશત પિ િસ્તાક્ષિ કિીને, આ 

દસ્તાવેજમા ંઆપવામા ંઆવેલી મારિતી હુ ંપ્રમાચણત કરંુ છ ંઅને અધ્યયન દિશમયાન 

જો હુ ંઅસ્વસ્થતા અનભુવુ ંતો આ પિીક્ષણમાથંી નીકળી જવાનો મને અશધકાિ છે. મન ે

આ સમંશત દસ્તાવેજની એક નકલ આપવામા ંઆવિે. 

 

 

ભાગ લેનાિ (અથવા જો ભાગ લેનાિ સક્ષમ ન િોય તો કાયદાકીય પ્રશતશનશધ)નુ ંનામ 

અને સિી / અંગઠુાનુ ંશનિાન: 

_____________________________________ (નામ) ____________________ (સિી) 

 

તાિીખ: ________________________ સમય: ________________ 



પરિશિષ્ટો 

 

 

 

શનષ્પક્ષ સાક્ષી (માિ શનિક્ષિ દદીઓ માટે જરૂિી)નુ ંનામ અને સિી / અંગઠુાનુ ંશનિાન: 

_____________________________________ (નામ) ____________________ (સિી) 

 

તાિીખ: ________________________ સમય: ________________ 

શનષ્પક્ષ સાક્ષીનુ ંસિનામુ ંઅને સપંકય નબંિ: __________________________________ 

____________________________________________________________________ 

 

 

 

સિંોધક અથવા સમંશત લઇ િિલેા તેમના પ્રશતશનશધનુ ંનામ અને સિી: 

_____________________________________ (નામ) ____________________ (સિી) 

 

તાિીખ: ________________________ 



પરિશિષ્ટો 

 

 

સાંશોધકનુાં પ્રમાણપિ – ગજુરાતીમાાં 

સાંશોધકનુાં પ્રમાણપિ 

 

હુ ં એ પ્રમાચણત કરંુ છં કે, આ સમંશત દસ્તાવેજમા ં વણયવ્યા મજુબના ં ઉપયુયક્ત 

અધ્યયનના સ્વરૂપ, િતે ુ અને સભંશવત જોખમો સરિતના ં તમામ તત્વો સ્વૈલ્ચ્છકોને 

પણૂયપણે સમજાવેલ છે. માિા શનણયયમા,ં ભાગ લેનાિ આ અધ્યયનમા ં ભાગ લેવા 

માટેની મારિતીપણૂય સમંશત આપવા માટેની કાનનૂી ક્ષમતા ધિાવે છે અને ભાગ લેવા 

માટે સ્વૈલ્ચ્છક િીતે અને જાણી-સમજીન ેસમંશત આપી િહ્યા છે. 

 

 

સિંોધકની સિી: ________________________ તાિીખ: _________________ 

 

સિંોધકનુ ંનામ: ________________________________ 
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ANNEXURE-III 

 
Case Report Form 

 

 

 

 



 

  
 

Protocol Number: 228  

 

 

 

 

 

CASE REPORT FORM  
Version: 1.0 

 

 

PROTOCOL No.: 228 
 

[“EFFECT OF VITAMIN D SUPPLEMENTATION IN PATIENTS WITH 
CARDIOMETABOLIC DISORDERS”-A CLINICAL STUDY IN 

AHMEDABAD POPULATION] 
 
 

  
Participant Study Number:      

 

Study group No.:   
 



 

 
 

  

Protocol Number: 228  

 

 

General Instructions for Completion of the Case Report Forms (CRF) 

Completion of CRFs 

• A CRF must be completed for each study participant who is successfully enrolled (received at least one dose 
of study drug) 

• For reasons of confidentiality, the name and initials of the study participant should not appear on the CRF. 

General 

• Please print all entries in BLOCK CAPITAL LETTERS using a black/blue ballpoint pen. 

• All text and explanatory comments should be brief. 

• Answer every question explicitly; do not use ditto marks. 

• Do not leave any question unanswered.  If the answer to a question is unknown, write “NK” (Not Known).  If a 
requested test has not been done, write “ND” (Not Done).  If a question is not applicable, write “NA” (Not 
Applicable). 

• Where a choice is requested, cross (X) the appropriate response. 

Dates and Times 

• All date entries must appear in the format DD-MMM-YYYY .  The month abbreviations are as follows: 

January = Jan  May = May  September = Sep 

February = Feb  June = Jun  October = Oct 

March = Mar  July = Jul  November = Nov 

April = Apr  August = Aug  December = Dec 

 In the absence of a precise date for an event or therapy that precedes the participant’s inclusion into the study, 
a partial date may be recorded by recording “NK” in the fields that are unknown e.g. where the day and month 

     are not clear, the following may be entered into the CRF: N K N K  2 0 1 8 
DD MMM YYYY 

 

• All time entries must appear in 24-hour format e.g. 13:00.  Entries representing midnight should be recorded 
as 00:00 with the date of the new day that is starting at that time. 

Correction of Errors 

• Do not overwrite erroneous entries, or use correction fluid or erasers. 

• Draw a straight line through the entire erroneous entry without obliterating it. 

• Clearly enter the correct value next to the original (erroneous) entry. 

• Date and initial the correction. 
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PARTICIPANT INFORMATION  

Participant Number      
 

Study Group 

 

______________________________________________ 

Study Site (Health Centre Name) 
TEJ HOSPITAL 

Inclusion/exclusion criteria 

*Patient must meet all criteria to eligible for the study 
Met all  Not met*  

Date of Informed Consent 
D D M M M Y Y Y Y  

Date of Birth  
D D M M M Y Y Y Y 

 

 
Or estimated age   

_______   

Gender 
 Male 

 Female 

Pregnant  Yes  No  Unknown 

Date of Enrolment 
D D M M M Y Y Y Y  



 

 
 

  

Protocol Number: 228  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DEMOGRAPHICS 

Ethnic Origin 

*All 4 grandparents are of same ethnic origin as declared by 

subject 

 

______________________________________________ 

Height (cm) 

 
   .  cm 

 

Weight (kg)    .  kg 
 

Waist Circumference (cm) 
   .  cm  

Type of Diet (Veg/ Non/Veg) and 

Specify details of diet 
________________________________________ 

Vitamin D level (ng/ml) (<12 ng/ml) _________________________________________________  
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BASELINE SYMPTOMS 

Fever   Yes  No Duration: _______ days 

Fatigue   Yes  No Duration: _______ days 

Headache  Yes  No Duration: _______ days 

Bone and Joint Pain  Yes  No Duration: _______ days 

Depression  Yes  No Duration: _______ days 

Impaired Wound Healing  Yes  No Duration: _______ days 

Weight Gain  Yes  No Duration: _______ days 

Muscle Pain  Yes  No Duration: _______ days 

Confusion  Yes  No Duration: _______ days 

Visual blurring  Yes  No Duration: _______ days 

Chest Pain/Discomfort  Yes  No Duration: _______ days 

Other symptom:  ____________________ Duration: _______ days 

Other symptom:  ____________________ Duration: _______ days 

Other symptom:  ____________________ Duration: _______ days 

 

 
 



 

 
 

  

Protocol Number: 228  

 

 
 

SIGNIFICANT MEDICAL HISTORY (within the past 5 years) 
- Make multiple copies of this page if required 

Does the participant have a history of any background/concomitant conditions/symptoms according to the following 
schedule?    Yes     No 

If Yes, detail in the table below and reference the ICD10 system code 

http://apps.who.int/classifications/apps/icd/icd10online/  

Code Title Code Title 

1 Certain infectious and parasitic diseases 12 Diseases of the skin and subcutaneous tissue 

2 Neoplasms 13 
Diseases of the musculoskeletal system and 
connective tissue 

3 
Diseases of the blood and blood-forming organs and 
certain disorders involving the immune mechanism 

14 Diseases of the genitourinary system 

4 Endocrine, nutritional and metabolic diseases 15 Pregnancy, childbirth and the puerperium 

5 Mental and behavioural disorders 16 Certain conditions originating in the perinatal period 

6 Diseases of the nervous system 17 
Congenital malformations, deformations and 
chromosomal abnormalities 

7 Diseases of the eye and adnexa 18 
Symptoms, signs and abnormal clinical and 
laboratory findings, not elsewhere classified 

8 Diseases of the ear and mastoid process 19 
Injury, poisoning and certain other consequences of 
external causes 

9 Diseases of the circulatory system 20 External causes of morbidity and mortality 

10 Diseases of the respiratory system 21 
Factors influencing health status and contact with 
health services 

11 Diseases of the digestive system 22 Codes for special purposes 

SIGNIFICANT MEDICAL HISTORY (within the past 5 years) 

Code Condition/Symptom Onset Date Stop Date 

  
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

OR  Unknown OR  Ongoing 

  
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

OR Unknown OR Ongoing 

  
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

OR  Unknown OR  Ongoing 

  
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

OR Unknown OR Ongoing 

  
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

OR Unknown OR Ongoing 
 

 
 

 

http://apps.who.int/classifications/apps/icd/icd10online/
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PHYSICAL EXAMINATION – PART 1 

Weight    .  kg 
 

Height 
   .  cm 

 

Temperature 
  .  C 

 

Method of Recording 

Heart rate 

   bpm 

 

Axillary Tympanic Rectal Oral 

    

Respiratory rate 
  bpm  

Blood 
pressure 

   /    mmHg 

 

 Normal Abnormal Specify if abnormal 

Central Nervous System   
________________________________________ 

Cardiovascular System   
________________________________________ 

Respiratory System   
________________________________________ 

Gastrointestinal System   
________________________________________ 

Skin   
________________________________________ 

Joints   
________________________________________ 



 

 
 

  

Protocol Number: 228  

 

 
 

PHYSICAL EXAMINATION – PART 2 

 Features of Cardiometabolic disorders? 

(If no symptoms tick box on the right. Otherwise complete list below) 
No symptoms  

 Yes No 
Not 

Known 

L
a
b

o
ra

to
ry

 

fi
n

d
in

g
s
 

TGs(≥150 mg/dl)    

HDL (<40mg/dl) in males, (<50mg/dl) in females    

SBP/DBP (≥130/85 mmHg)    

Fasting blood sugar (≥ 100 mg/dl)    

WC >102cm in males/>88cm in females    



 
 PARAMETERS OF CARDIOMETABOLIC DISORDERS 

Protocol Number: 228 Page 8 of 15 

 

Date 
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 
 

D D M M M Y Y Y Y 

Time (24 hrs) 
 

H H : M M 
 

H H : M M 
 

H H : M M 

Parameters 0 month At 6 months At 12 months 

Blood Pressure 

(mmHg) 
 

   /    
 

   /    
 

   /    

Height (cm) 
 

   .   
 

   .   
 

   .   

Weight (kg) 
 

   .   
 

   .   
 

   .   

Waist Circumference 

(cm) 
 

   .   
 

   .   
 

   .   

Heart Rate (bpm) 
 

   .   
 

   .   
 

   .   

Total Cholesterol 

(mg/dl) 
 

   .    
 

   .    
 

   .    

Triglycerides(mg/dl) 
 

   .    
 

   .    
 

   .    

HDL (mg/dl) 
 

   .    
 

   .    
 

   .    

LDL(mg/dl) 
 

   .    
 

   .    
 

   .    

VLDL (mg/dl) 
 

   .    
 

   .    
 

   .    

FBG (mg/dl) 
 

   .    
 

   .    
 

   .    

PPBG(mg/dl) 
 

   .    
 

   .    
 

   .    

HbA1c(%) 
 

  .   

 

  .   

 

  .   
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SYMPTOM CHECK – make multiple copies of this page if required 

A
t 

6
 m

o
n

th
s

 

Date Fever Fatigue Headache 
Bone &Joint 
Pain 

Depression 
Impaired Wound 
Healing 

Weight gain 
Chest pain / 
discomfort 

D D M M M Y Y Y Y 

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Time 24hr Muscle pain Confusion Visual blurring 

H H : M M  

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

A
t 

1
2

 m
o

n
th

s
 

Date Fever Fatigue Headache 
Bone &Joint 
Pain 

Depression 
Impaired 
Wound 
Healing 

Weight gain Chest pain / discomfort 

D D M M M Y Y Y Y 
 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 

Time 24hr 
Muscle 

pain 
Confusion Visual blurring 

H H : M M 
 

Yes  
No  

 

Yes  
No  

 

Yes  
No  

 



 

STUDY DRUG ADMINISTRATION 

Participant Number      
 

 

 
 
Protocol Number: 228 

Study drug Dose 
Treatment 
complied? 

Date of dose Time of dose 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 
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___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 

___________ ______ 
Yes  
No  

 

D D M M M Y Y Y Y 

 

H H : M M 

 



 

MEDICATIONS 

Participant Number      
 

 

 
 
Protocol Number: 228 

MEDICATIONS – make multiple copies of this page if required 
Medication 

name 
Formulation Dose Units Frequency Route Date started Date stopped Ongoing? Indication 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 

___________ ______ ____ ____ ______ ______ D D M M M Y Y Y Y 

 

D D M M M Y Y Y Y 

 

Yes  
No  

 

___________ 



 

ADVERSE EVENTS 

Participant Number      
 

 

 
 
Protocol Number: 228  

 

ADVERSE EVENTS – make multiple copies of this page if required 
Adverse event name  

Intensity   Mild   Moderate   Severe 

If SAE specify: 

 Death 

 Life-threatening 

 Persistent or symptomatic disability or incapacity  

 Hospitalisation or prolongation of hospitalisation 

 Congenital anomaly or birth defect 

 Other important medical event 

Onset Date  

 

D D M M M Y Y Y Y 

End Date 

 

D D M M M Y Y Y Y OR    Ongoing at the end of study 

Therapy  None 

 Other 

 Drug 

 Drug and other 

Action Taken with 
Study Drug 

 Dose unchanged 

 Drug withdrawn 

 Not Known 

 Dose reduced 

 Dose increased 

 Drug temporarily interrupted 

 

Outcome  Recovered 

 Recovering with sequelae 

 Fatal 

 Recovering 

 Continuing 

 Not Known 

Relationship to Study 
drug 

 Certain 

 Unlikely 

 Probable 

 Not related 

 Possible 

 Unclassified 

 



 

FINAL STUDY OUTCOME 

Participant Number      
 

 

 
 
Protocol Number: 228   

FINAL STUDY OUTCOME 

Subject has completed the study?  
Completion 
date :  

 D D M M M Y Y Y Y 

If NOT completed specify last follow up date: 

 D D M M M Y Y Y Y 

Reason not completed: 

(Tick only one box) 

 Significant non-compliance 

 Drug-related AE 

 Treatment failure 

 Consent withdrawn 

 Lost to follow-up 

 Other (specify)  ____________________ 

Remarks:  

 

 

 

Investigator's Statement: I have reviewed the data recorded in this CRF and confirm that the data are 
complete and accurate 

Investigator (Full name): _________________________________________ 

Investigator Signed?  

  Signature Date:
 

D D M M M Y Y Y Y 
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ANNEXURE-IV 

 
Questionnaires in English 

 

 

 

 



QUESTIONNAIRES 

 

Patient Code:                                                                                                           Date: 

Instructions: Please answer the following questionnaire honestly 

1) How much you get the sunlight exposure in minutes/day? 

 A) No exposure   B) less than 15      C) 15-30    D)35-40  E) 45-60  

2)  Do you find any change in skin tone/ colour after getting exposed to the sunlight? 

 

 A) No change     B) Very Little change   C) Little change   D) Moderate change   E) Extreme 

change 

3) How much your body parts get exposure to sun? 

 A) less than 10% (Head)  B) 11 to 20 % (Arms) C) 21 to 40%(Legs)  D) 41 to 60%(Heads, 

Arms, legs, back and  chest) E) More than 60% 

4) How often do you use sunscreen lotion when expose to sunlight? 

 A) Always     B) Often   C) Sometimes   D) Seldom   E) Not using 

5) Do you take Vitamin D rich foods, Please Tick the appropriate food  

(salomonfish/cannedfish/seafood/eggs/butter/lard/margarine/codliveroil/bread/toast/cake/biscuits

/milk/cheese/yoghurt/curd/cream/mushroom/cereals)? 

 A) No     B) Very Little   C) Little D) Moderately E) Daily   

6) What type of physical activity you do?  

 A) Aerobic workout   B) Bicycling/Swimming C) Running/Jogging D) Walking  

 E) None/Inconsistent 

 

7) How often do you do vigorous physical activities (gym, heavy lifting, playing outdoor 

games)? 

 

A) None  B) 1-2 times a week   C) 3-4 times a week D) 5-6 times a week  E) 7 times a week   

 

8) How often do you do moderate physical activities (Bicycling, Swimming, running, jogging)? 

 

A) None  B) 1-2 times a week   C) 3-4 times a week D) 5-6 times a week  E) 7 times a week   



 

9) How often do you do light physical activities (walking)? 

 

A) None  B) 1-2 times a week   C) 3-4 times a week D) 5-6 times a week  E) 7 times a week   

 

10) What is your lifestyle at work place with reference to physical activities? 

  A) Highly Active B) Active   C) Moderately active D) Less active E) No activities 



 

144 

 

 

 

 

 

 

 

ANNEXURE-V 

 
Questionnaires in Gujarati 

 

 

 

 



પ્રશ્નાવલી 

 

દદીનો કોડ:                                                                                                                                             તારીખ: 

 

સચૂનાઓ: મહરેબાની કરીને નીચેની પ્રશ્નાવલીનો જવાબ આપો 
 

૧) પ્રતતદિવસ કેટલી તમતનટ માટે આપ સરૂ્યપ્રકાશના સપંકયમા ંઆવ્ર્ા છો ? 

 અ) સપંકયમા ંનથી આવ્ર્ા   બ) ૧૫ થી ઓછી      ક) ૧૫-30    ડ)૩૫-૪૦  ઈ) ૪૫-૬૦  

૨) સરૂ્યપ્રકાશના સપંકયમા ંઆવ્ર્ા બાિ ત્વચાના રંગમા ંકોઈ ફેરફાર આપે જોર્ો છે? 

 

અ) કોઈ ફેરફાર નથી   બ) ખબુ જ ઓછો ફેરફાર છે      ક) થોડો ફેરફાર છે    ડ) સામાન્ર્ ફેરફાર છે  

ઈ) ખબૂ જ ફેરફાર છે 

૩) આપના શરીરનો કેટલો ભાગ સરૂ્યપ્રકાશના સપંકયમા ંઆવે છે? 

 અ) ૧૦% થી ઓછો (માથુ)ં   બ) ૧૧ થી ૨૦% (હાથ)      ક) ૨૧ થી ૪૦% (પગ)   ડ) ૪૧ થી 

૬૦% (માથુ,ં હાથ, પગ, પીઠ અને છાતી)  ઈ) ૬૦% થી અતિક 

૪) સરૂ્યપ્રકાશના સપંકયમા ંઆવો ત્ર્ારે આપ સનસ્ક્રીનનો કેટલીવાર ઉપર્ોગ કરો છો? 

 અ) કાર્મ     બ) અવારનવાર   ક) કેટલીક વાર   ડ) ભાગ્ર્ે જ   ઈ) ઉપર્ોગ નથી કરતા 

૫) શુ ંઆપ તવટામીન ડી થી ભરપરૂ આહાર લો છો? મહરેબાની કરીને યોગ્ય ખોરાક પર ટીક કરો.  
(સાલોમોન માછલી / તરૈ્ાર માછલી / સી ફૂડ / ઇંડા / માખણ / ડુક્કરની ચરબી / નકલી 
માખણ / કોડ લીવર તેલ / બે્રડ / ટોસ્ક્ટ / કેક / બીસ્ક્કીટ / દૂિ / ચીઝ / ર્ોગટય િહીં / િહીં / 
રીમ / મશરૂમ / અનાજ) 

 અ) ના     બ) ખબુ જ ઓછ ં    ક) ઓછ ં   ડ) સાિારણ    ઈ) િૈતનક   

૬) આપ કેવા પ્રકારની શારીદરક પ્રવતૃિ કરો છો? 



 અ) એરોબબક કસરત     બ) સાર્કલ ચલાવવી / તરવુ ં    ક) િોડવુ ં/ ટહલેવુ ં    ડ) ચાલવુ ં 

 ઈ) કઈ પણ નહીં / અસગંત 

 

૭) આપ કેટલી વાર સખત શારીદરક પ્રવતૃતઓ (કસરત, વજન ઉપાડવુ,ં મેિાનમા ંરમત રમવી) 
કરો છો? 

 

અ) એકપણ નદહ        બ) અઠવાડીર્ામા ં૧-૨ વખત       ક) અઠવાડીર્ામા ં૩-૪ વખત      

ડ) અઠવાડીર્ામા ં૫-૬ વખત      ઈ) અઠવાડીર્ામા ં૭ વખત   

 

૮) કેટલી વાર આપ સાિારણ શારીદરક પ્રવતૃતઓ (સાર્કલ ચલાવવી, તરવુ,ં િોડવુ,ં ટહલેવુ)ં કરો 
છો? 

 

અ) એકપણ નદહ        બ) અઠવાડીર્ામા ં૧-૨ વખત       ક) અઠવાડીર્ામા ં૩-૪ વખત      

ડ) અઠવાડીર્ામા ં૫-૬ વખત      ઈ) અઠવાડીર્ામા ં૭ વખત   

 

૯)  કેટલી વાર આપ હળવી શારીદરક પ્રવતૃતઓ (ચાલવુ)ં કરો છો? 

 

અ) એકપણ નદહ        બ) અઠવાડીર્ામા ં૧-૨ વખત       ક) અઠવાડીર્ામા ં૩-૪ વખત      

ડ) અઠવાડીર્ામા ં૫-૬ વખત      ઈ) અઠવાડીર્ામા ં૭ વખત   

 

૧૦) શારીદરક પ્રવતૃિઓના સિંભયમા ંકામના સ્ક્થળે આપણી જીવનશૈલી શુ ંછે? 

  અ) અત્ર્તં સદરર્    બ) સદરર્     ક) સાિારણ સદરર્    ડ) ઓછ ંસદરર્    ઈ) કોઈ પ્રવતૃિ 
નથી 
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