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Abstract                                                                 
Background: There is growing evidence indicating the link between serum 25-hydroxy-

vitamin D (25(OH)D) level and risk of Type 2 Diabetes Mellitus (T2DM). Several large 

cohort observational studies have confirmed an inverse association between serum 

25(OH)D level and T2DM risks, while Randomised Control Trials (RCTs) have 

presented inconsistent results. It was therefore decided to conduct a literature review of 

current RCTs to identify these limitations and assist in designing and conducting a more 

rigorous RCT, i.e. D4D trial, to evaluate the association between serum 25(OH)D level 

and T2DM.  

Method: D4D trial was a long-term, multi-centre, single-blind, four-arm parallel-group 

trial. Eligible participants were randomised to receive vitamin D of, 1) 10-15 µg/day 

(400-600 IU/day) from food, 2) 12.5 µg/day (500 IU/day) from sunlight exposure, 3) 

12.5 µg/day (500 IU/day) from commercial supplements or, 4) waitlist without 

intervention, for nine months. Serum 25(OH)D level, HbA1c and lipids levels were 

measured at baseline, 3rd, and 9th month after the intervention.  

Results: 60 participants were recruited in the D4D trial, with 15 participants per group. 

Results showed serum 25(OH)D was inversely associated with HbA1c level albeit 

without statistically significance. At 9th month, serum 25(OH)D in the Diet group was 

significantly increased compared to its baseline (p=0.0166) and 3rd month (p=0.0268). 

Serum 25(OH)D level in the Sun exposure group at 3rd month and in Supplement group 

at 9th month was significantly increased compared to their baselines (p=0.0361 and 

p=0.0319). In addition, at 9th month, serum 25(OH)D level in the Diet group was 

significantly higher than that in the Waitlist (p=0.0068) and Supplement groups 

(p=0.0392). HbA1c level in the Diet group (p=0.0039) and Supplement Group 

(p=0.0332) at 3rd month, and Diet group (p=0.0299) at 9th month also significantly 

decreased compared to their baselines. Furthermore, blood HbA1c level in the Diet 

group at 9th month was significantly lower than that in the Waitlist group (p=0.0279). 

Blood lipid levels were not significantly changed by any interventions.  

Conclusion: Dietary vitamin D is the most effective source to increase serum 25(OH)D 

levels and improve glycaemic control among T2DM patients. Vitamin D from sun 

exposure and supplements requires a large dosage and a long intervention time to show 

the effects. Future dietary recommendations can emphasise natural vitamin D sources 

for their benefits on glycaemic controls in patients with T2DM. 
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Abstract in Full Version 

Background  

There is growing evidence indicating the link between serum 25-hydroxy-Vitamin D 

(25(OH)D) level and Type 2 Diabetes Mellitus (T2DM). Many large cohort observational 

studies have confirmed an inverse association between serum 25(OH)D level and T2DM 

risks, while Randomised Control Trials (RCTs) have presented inconsistent results. Many 

RCTs have failed to report such associations due to study limitations. It was therefore 

decided to conduct a literature review of current RCTs to identify these limitations and 

assist in designing and conducting a more rigorous RCT, i.e. D4D trial, to evaluate the 

association between serum 25(OH)D level and T2DM.  

 

Stage One: Literature Review  

Method: A literature search was performed in PUBMED from its inception up to 

September 2017. The Jadad scale and the Van Trudle scale were used to assess the 

quality of the eligible RCTs.  

Results: Sixteen RCTs were identified. All RCTs had a small sample size (8-45 

participants in each group), with subjects aged between 48.5±8 to 66.9±3.1 years. In a 

total of sixteen studies, Vitamin D3 was used in an oral form in twelve studies, in the 

injection form in two studies, and in fortified yoghurt form in two studies. Four studies 

concluded that vitamin D improved insulin sensitivity and glycaemia status among 

T2DM patients, while eleven studies reported no improvements. One study suggested 

that using calcium and vitamin D supplementation may benefit T2DM management.  

 

Stage Two: D4D Trial 

Hypothesis: An adequate serum 25(OH)D level could benefit glycaemic control in T2DM 
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patients.  

Primary Objectives: To determine the role of vitamin D (through dietary intervention, 

sun exposure and vitamin D oral supplementation, compared to waitlist) in glycaemic 

control (as measured by HbA1c) in T2DM patients.  

Secondary Objectives: 1) To determine the prevalence of Vitamin D Deficiency (VDD) 

among T2DM patients and, 2) To determine the differences between heterogeneous 

vitamin D sources and their impact on T2DM glycaemic control.  

Methodology: Eligible participants were randomised into one of the four groups: Diet, 

Sun exposure, Vitamin D Supplement, and Waitlist control group for a total period of 

nine months. The dietary group was asked to follow a meal plan to obtain 10-15 µg/day 

(400-600 IU/day) of vitamin D from food. The Sun exposure group was required to 

expose 15% of the body surface to natural sunlight for a certain time to obtain 500 IU/day 

of vitamin D. The Vitamin D Supplement group was required to ingest commercial 

vitamin D supplementation at a dosage of 500 IU/day. No interventions were given to the 

Waitlist control group. Follow-up sessions were performed at baseline and on a monthly 

basis. Serum 25(OH)D, T2DM biomarker (HbA1c) and lipids levels were measured at 

baseline, 3rd month, and at the 9th month sessions.  

Results: A total of 60 participants were recruited in the D4D trial with 15 participants 

per intervention group. Results suggested serum 25(OH)D was inversely associated 

with HbA1c level but was not statistically significant. Detailed results as following: 1) 

Serum 25(OH)D level in Diet group at 9th month was significantly increased compared 

to Waitlist group (p=0.0068) and Supplement group (p=0.0392), 2) Serum 25(OH)D in 

Diet group at 9th month was also significantly increased compared to its baseline 

(p=0.0166) and 3rd month (p=0.0268); 3) Serum 25(OH)D level in Sun exposure group 

at 3rd month and in Supplement group at 9th month was significantly increased 
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compared to their baseline (p=0.0361 and p=0.0319); 4) HbA1c level in Diet group 

(p=0.0279) at 9th month was significantly reduced compared to the Waitlist group, 5) 

HbA1c level in Diet group (p=0.0039) and Supplement Group (p=0.0332) at 3rd month 

and Diet group (p=0.0299) at 9th month also presented significant decreases compared 

to their baseline, 6) Total Cholesterol (TC), Triglyceride (TG), High Density 

Lipoproteins(HDL) and Low Density Lipoproteins (LDL) levels were not significantly 

changed by the interventions. 

Conclusion: Dietary vitamin D is the most effective source to increase Serum 25(OH)D 

levels and improve glycaemic control among T2DM patients. Vitamin D from sun and 

supplements requires a large dosage and a medium to long intervention time to show the 

effects on the T2DM biomarker. Future well-designed clinical trials should assess the 

vitamin D from natural lifestyle interventions, e.g. sunlight and diet, to distinguish 

vitamin D’s effect on glycaemic control from the confounding factors, and generate 

feasible and patient-oriented suggestions to T2DM patients. 
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Four T2DM diagnostic criteria are currently recommended by the World Health 

Organization (WHO) (7) and the International Diabetes Federation (IDF) (8), which have 

been confirmed by The Royal Australian College of General Practitioners (RACGP) (9). 

These criteria include Glycated Haemoglobin (HbA1c), Fasting Plasma Glucose (FPG) 

level or Fasting Blood Glucose (FBG) level, 2-hours Postprandial Glucose (2-h PG) level, 

and Random Plasma Glucose (RPG) level (at least 2 hours postprandial) (Table 1.1). 

 

Table 1.1  
Diagnostic Criteria for Type 2 Diabetes Mellitus  
 

WHO & IDF Diagnostic Criteria  

HbA1c 

• HbA1c ≥	6.5% (48 mmol/mol) 
 
OR FPG 

• FPG ≥	7.0mmol/L (126 mg/dL) 
*Fasting is defined as no caloric intake for at least 8 h. 
 
OR OGTT  

• Two-hour postprandial plasma glucose ≥ ##. %	&&'(/* (200 mg/dL) during an OGTT 
*The test should be performed as described by the WHO, using a glucose load containing 
the equivalent of 75 g anhydrous glucose dissolved in water. 
  
OR RPG 

• A random plasma glucose > 11.0 mmol/L (200 mg/dL), in a patient with signs and symptoms 
considered to have diabetes 

RACGP Diagnostic Criteria  

HbA1c 

• HbA1c ≥	6.5% (48 mmol/mol) 
 
OR FBG 

• FBG <5.5 mmol/l: Diabetes unlikely 

• FBG 5.5–6.9 mmol/L: May need to perform an OGTT 

• FBG ≥7.0 mmol/L (>11.0 non-fasting): Diabetes likely; repeat fasting blood sugar on a 
separate day to confirm 

• Impaired fasting glucose is diagnosed on the basis of a result between 6.1 and 6.9 mmol/L 

OR OGTT 

• Measure the plasma glucose before (fasting) and two hours after a 75 g glucose load is taken 
orally. Diabetes is diagnosed if fasting plasma glucose is ≥7.0 mmol/L or two-hour plasma 
glucose is ≥11.0 mmol/L. If the two-hour plasma glucose is between 7.8 and 11.0 mmol/L, 
there is impaired glucose tolerance. A two-hour result <7.8 mmol/L is considered normal 

  
WHO, World Health Organization; IDF, International Diabetes Federation; HbA1c, Glycated Haemoglobin or Haemoglobin A1c; 
FBG, Fasting Blood Glucose; FPG, Fasting Plasma Glucose; OGTT, Oral Glucose Tolerance Test; RPG, Random Plasma Glucose. 
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1.1.2 The Mechanism of T2DM 

The specific aetiology and molecular mechanism associated with the onset of T2DM 

remain unknown. The disease development process is heterogeneous, but insulin 

resistance and !-cell dysfunction are well-acknowledged as two critical factors in the 

T2DM pathogenesis (10) (Figure 1.1).  

 

 

Figure 1.1  
Pathogenesis of Type 2 Diabetes Mellitus 
 

 

Insulin Resistance  

Insulin resistance is the earliest detectable defect in the development of T2DM; it is 

defined as a subnormal biological response to normal insulin concentration (11) that may 

occur in skeletal muscle, fat and liver. The possible explanations of insulin resistance are 

the reduction in insulin receptor numbers, defects in the binding of insulin receptors 
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(Glucose Transporter Glut-4), and a decrease in the insulin receptor signalling activities, 

including phosphatidylinositol-3-kinase and the Insulin Receptor Substrates (IRS) - the 

IRS-1 and IRS-2 (12).  

 

Insulin Secretion  

The progressive defects in insulin secretion resulting from β-cell loss, β-cell dysfunction, 

or both (13), and may be explained by Islet Amyloid (IA),  !-cell dedifferentiation, 

glucotoxicity and lipotoxicity (14).   

 

The compensatory hypersecretion of insulin due to insulin resistance will simultaneously 

increase amylin as they are co-stored and co-secreted. The increased amylin leads to 

increased formation of amylin fibrils and IA, which are toxic to !-cells (15) and can cause 

!-cell loss and  !-cell dysfunction (16). Furthermore, !-cell dedifferentiation has been 

observed as another factor contributing to !-cell function defects, in which the !-cells 

degenerate back to the progenitor-like state and convert into "-cells and #-‘like’ cells 

hence lost !-cell identity and function (17). Glucotoxicity and lipotoxicity could also 

affect	!-cells numbers and secretion by creating chronic hyperglycaemia (18) and islet 

lipid deposition (19), therefore also contributing to the pathogenesis of T2DM.  

 

Other Contributors  

Glucagon-like Peptide 1 (GLP-1) is one of the gut hormones (20) that can simulate 

glucose-dependant insulin secretion, decrease glucagon secretion and  ! -cell apoptosis 

and is related to !-cell proliferation and regeneration (21). Although T2DM patients 

present with a normal GLP-1 level, they usually have a decreased GLP-1 action which 

could possibly cause the !-cell defects (22). 
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The abnormal hepatic glucose metabolism is also linked with hyperglycaemia among 

T2DM patients. Insulin resistance or insulin deficiency, or both, can cause decreases in 

insulin action, lead to hyperglucagonemia and increases in liver gluconeogenesis, hence 

contributing to hyperglycaemia and T2DM (23). 

 

1.1.3 T2DM Prevalence in World and Australia  

Worldwide Prevalence  

T2DM is a growing global public health issue with a worldwide prevalence (Figure 1.2). 

Data from 2019 showed an estimated 463 million (9.3%)  of the world’s population aged 

20-79 years suffer diabetes, with 90% diagnosed with T2DM (6). VDD prevalence has 

significantly increased over the past two decades from 151 million (4.6%) in 2000 (24) 

and is estimated to increase to 578 million (10.2%) by 2030 and to 700 million (10.9%) 

by 2045 (6).  

 

 

Figure 1.2  
Estimated Total Number of Adults (20-79 years) with Diabetes in 2019, World Atlas form International 
Diabetes Federation (6). 
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Concerning T2DM, the Middle East and North Africa regions have the highest T2DM 

prevalence globally (12.2%), followed by Western Pacific (11.4%), South-East Asia 

(11.3%), and North America and Caribbean regions(11.1%). The North America and 

Caribbean areas is forecasted to become the third-highest region by 2030 and the second-

highest region by 2045 (6). Figure 1.3 shows the numbers of people with diabetes in the 

top 10 countries or regions in 2019.  

 

 

 
 
Figure 1.3  
Number of People with Diabetes in 2019 in Million, the Top Ten Countries / Regions, data sourced from 
the World Atlas form International Diabetes Federation 2019.  
 

 

VDD Prevalence in Australia 

In Australia, approximately 4.1% (almost one million) Australians were living with 

T2DM in 2017-18 (25). Prevalence increments of all types of diabetes in Australia seem 

smaller than the global number as it only increased from 4.2% in 2011-2012 to 4.4% in 

2017-2018 (26). However, this prevalence could be largely underestimated due to the 

limitation of the self-report data that were used in the current survey.  
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Australia’s T2DM prevalence shows a significate difference in socioeconomic levels for 

those affected. The prevalence among those living in the lowest socioeconomic regions  

(7.0%) was two times higher than those in high socioeconomic areas (3.3%). People 

living in the lowest socioeconomic areas also had two times higher hospitalisation and 

mortality rates compared to those living in high socioeconomic areas (26). There was no 

significant difference in T2DM prevalence between men and women in Australia, and the 

prevalence of T2DM is similar across all major cities and regional areas (25).  

 

Cause to Death and Disability 

Diabetes directly increases the risk of heart attack or stroke, and is likely to trigger certain 

conditions or risk factors, such as high blood pressure or high cholesterol, that increase 

the chances of getting heart disease and stroke (27). Due to the strong relationship with 

Cardiovascular Disease (CVD), diabetes was the 9th leading cause of disability in 1990 

and emerged as the 4th leading cause of disability in 2017 (28). In Australia, diabetes is 

the 7th leading cause of death and causing approximately 1.6 million deaths according to 

2016 data (29).  

 

1.1.4 Risk Factors of T2DM  

T2DM is the result of a complex interaction between genetic, epigenetic, clinical factors 

(age, sex, family history, Body Mass Index (BMI), blood pressure, triglycerides, FPG, 

etc.) and environmental factors (diet, physical activities, lifestyle, etc.) (6).  

 

Genetic   

Genetic factors are a contributing cause for the onset of T2DM. The lifetime risk of 

developing T2DM is about 40% for individuals with one parent with T2DM and can 
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increase to 70% if both parents have T2DM (30). Studies, including the CODIAB and 

Botina study, suggested that the mother’s link could be stronger - twice as common as 

the paternal one (31, 32). They found that the male offsprings of diabetic mothers have a 

reduced incremental insulin response to glucose compared to male offsprings with a 

diabetic father. Recent genetic evidence also observed the Parent-of-Origin Effects (POE) 

from the KCNQ1 and THADA loci, explaining the maternal link from a molecular level 

(33). 

 

Increased types and numbers of genes and loci have been identified as linked to T2DM; 

however, it is still not yet fully understood. According to GWAS (Genome Wide 

Association Studies) in 2015, there were over 150 variants including TCF7L2, KCNJ11, 

and PPARG, mapping to >120 loci for T2DM, but this could only explain 20% of the 

heredity (33). In different studies, the variance of heritability could range from 20-80% 

(34), and the risk seemed to increase with the study’s follow-up time. Therefore, a 

measurement of genetic factors at an early life stage is more meaningful in predicting the 

future T2DM risk (35).  

 

Age 

The risk of developing T2DM increases with age. T2DM prevalence presented the lowest 

at 1.9% among the age group 20-24 years, prevalence increased to 10% in the age group 

45-49 years and peaked at around 20% in the age group 65 to 79 years (6). In terms of 

the number of diabetes patients, the age group 40-59 years currently has the greatest 

number of people with T2DM globally. However, it is expected to shift to the age group 

60-79 years by 2030 considering the effects from urbanisation and ageing (36). 
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Diet 

• Marco-nutrients – Carbohydrate and Fat 

Carbohydrate quality measured by Glycaemic Index (Gl) and Glycaemic Load (GL) 

shows a significant association with T2DM development as a diet contains high GI and 

GL carbohydrates can increase the T2DM risks (37). This association may help explain 

the increased T2DM risks by a large intake of white rice (38) and potato (39), as both of 

them are classified as high GI foods.  

 

Total fat intake was not associated with the risks of T2DM compared with carbohydrates 

when providing the same amount of energy. However, the types of fat seem to have a 

different impact on T2DM. Saturated Fatty Acids (SFA) and Monounsaturated Fatty 

Acids (MUFA) were not associated with T2DM risks, but trans-fat intake appears to be 

positively associated with the T2DM risks while increased Polyunsaturated Fatty Acid 

(PUFA) intake has shown to have a protective effect in reducing T2DM risks (40). 

 

• Food Groups - Fruits and Vegetables 

Total fruit and vegetable intake is not associated with T2DM, but green leafy vegetables 

are strongly associated with a reduction in the T2DM risks. Even a minor increase in the 

green leafy vegetable of one serve/day can contribute to a moderate decrease in T2DM 

risks (41). However, in terms of fruit, most studies suggested that whole fruit may have 

a minor benefit or even nil association to the T2DM risks, in contrast to fruit juice which 

is linked to an increased risk of T2DM due to high concentration of sugar (41-43). 

 

• Food Groups - Red and Processed Meat  

A large intake of red meat, especially processed red meat, can increase the T2DM risks. 
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An increased intake of 50g/day (one serve/day) of both unprocessed and processed red 

meat can significantly increase the T2DM risks (44). Cohorts studies have observed that 

an increase of  ≥ 0.5 servings per day in overall red meat consumption over four years 

can increase the risk by up to 30% after adjusting for anthropometric factors (45). This 

may be explained by dietary glycation and lipoxidation end products that present in 

processed food, as the lipid modification could affect insulin output (46), or it could be 

the heme iron in the red meat that may interfere with glucose metabolism and create 

oxidative stress, affecting !-cells and their function (47). 

 

• Food Groups - Wholegrain Food 

Cohort studies suggest that increased consumption of wholegrain foods, including 

wholegrain breakfast cereal, oatmeal, dark bread, brown rice, added bran and wheat germ 

were inversely associated with the T2DM risks (48). Wholegrain foods are rich in dietary 

fibre, antioxidants, magnesium and phytochemicals, which may help to reduce the risks 

of T2DM (49, 50). A meta-analysis also confirmed the association between wholegrain 

food and T2DM, and suggested that replacing refined grain with wholegrain choices for 

at least two servings per day can reduce the T2DM risks (51).  

 

• Food Style   

The western-style diet that is high in calories, processed meat, sweets and dessert, deep-

fried food and refined grains has been associated with a 49% increase in the risk of 

developing T2DM (52). Mediterranean diet, especially when consumed with Extra-

Virgin Olive Oil (EVOO), has been shown to reduce the T2DM risks (53). Furthermore, 

the Alternative Healthy Eating Index (AHEI), the Dietary Approach to Stop Hypertension 

(DASH) diet and the alternative Mediterranean (aMED) diets are all strongly associated 
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with a lower risk of T2DM (54).  

 

Women whose diet that are low in GI, trans fats, and high in cereal fibre and balanced 

ratio of PUFA and SFA, have a lower risk of T2DM than those with imbalanced nutrient 

combinations (55). The regular eating pattern is also linked with the T2DM risks. An 

eating pattern of often skipping breakfast or eating irregularly with only 1-2 meals per 

day showed a stronger link to T2DM compared to the eating pattern of a regular three 

meals per day pattern (56). 

 

• Individual Nutrients  

Individual nutrients that have been assessed as lowering the T2DM risks include heme 

iron (57), Docosahexaenoic Acid (DHA) & Eicosapentaenoic Acid (EPA) and "-inolenic 

acid (58), fibre from vegetable, fruit and cereal (59), magnesium (60), and vitamin D (61) 

and the Glycaemic Index (GI), Glycaemic Load (GL) of foods (37), 

 

Physical Exercise 

Physical exercise can significantly reduce the risks of T2DM, even without weight loss 

(62). In terms of the intensity and duration of exercise, studies suggest that both aerobic 

exercise and resistance training are effective in preventing T2DM (63). Exercise intensity 

can have a wide range from moderate levels such as walking (64) to intense levels such 

as cycling (65). The American Diabetes Association (ADA) (66) recommended that: 150 

min/week or 30 min/day for five days a week of moderate to vigorous physical exercise 

will help prevent T2DM. Moreover, there is a strong association between sedentary time 

and diabetes incidence, which appears to be independent of physical activities. A recent 

study found every 2 hours/day increment of sitting and television watching was associated 
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with a 14% and 7% increase in the T2DM risks, respectively (67).   

 

Other Risk Factors – Smoking & Urbanisation  

Smoking has also been found to have a positive association with the T2DM risks. The 

number of cigarettes smoked per day, past smoking history and the length of quitting time 

were all strongly associated with the T2DM risks (68).  

 

The number of T2DM people who live in urban areas is twice as much as the number of 

people who live in rural areas (IDF 2019). Rapid urbanisation has led to a more sedentary 

lifestyle, unhealthy diet, increased sugar consumption and obesity; hence is another risk 

factor for T2DM. A recent study argues that the uncontrolled growth of the large urban 

agglomerates, rather than urbanisation itself, is linked to the globally increased T2DM 

prevalence (69).  

 

1.1.5 Current Treatment of T2DM and The Medical Burden  

Screening at the Early Stage 

Although currently there is no direct evidence of whether T2DM screening at an early 

stage will or will not benefit individuals, it has been demonstrated that early-stage 

detection can reduce the T2DM incidence and future T2DM development in high-risk 

groups (70).  

 

Assessing T2DM risks by administering questionnaires followed by a blood glucose 

measurement test (including urine glucose test, blood glucose test and HbA1c) could 

improve the diagnostic accuracy and performance (70). Questionnaires, including the 

ADA Type 2 Diabetes Risk Test that was published by the American Diabetes 
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Association in ‘2017 Standards of Care’, are commonly used for the initial screening (71). 

In Australia, the RACGP suggests using the Australian Type 2 Diabetes Risk Assessment 

Tool (AUSDRISK) for T2DM initial screening. The RACGP also suggests that patients 

over 40 years old with a high risk of T2DM should be screened for T2DM every three 

years, Aboriginal and Torres Strait Islander peoples from 18 years old should also have a 

T2DM screen every three years, and the T2DM screening should be part of a CVD 

assessment (72). 

 

Lifestyle Intervention – Diet & Exercise  

Lifestyle intervention, including physical exercise improvement and diet modification, is 

significantly more effective than medication (73), especially for people younger than 60 

years (74). In general, physical activity with increased levels and healthy diets rich in 

fresh fruit and vegetable, whole grain, cereal fibre and healthy fats such as omega-3, will 

reduce long-term risks of CVD for people with diabetes (6). 

 

A Randomized Controlled Trial (RCT) suggested that physical exercise, over a range of 

intensities, can significantly improve glycaemic control, lower triglyceride and reduce 

visceral adipose tissue in the T2DM group, even without weight loss (62). A recent study 

suggested that starting an exercise program from the low intensity and slowly increasing 

to a moderate level with daily maintenance, would be preferential than starting exercise 

at an intense level but with periodic maintenance (75). 	

 

Appropriate calories intake from diet is also important for maintaining a healthy BMI or 

achieving a healthy body weight if overweight. Weight reduction in obese individuals can 

improve insulin sensitivity and benefit glycaemic control (76). The IDF 2017 (77) 
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suggested that the low-calorie diet (i.e. 800-1200 calories/day) can benefit the needed 

weight loss, and other recommended guidelines include: avoiding confectionary food 

such as sugar, sweets and sweetened beverages, increasing high-fibre and low GI food 

and preferring a special dietary pattern such as the Mediterranean diet (78).   

 

Oral Medication & Insulin Treatment  

The current treatment of T2DM is designed to reduce the development or progression of 

DM complications with good glycaemic controls (79). Metformin is often used as the 

first-line treatment for most T2DM patients. If the HbA1c target has not been reached in 

three months, second-line treatment including Sodium-GlucosebTransporter-2 inhibitors 

(SGLT-2i), Dipeptidyl Peptidase-4 Inhibitors (DPP4I), Sulfonylureas, Glucagon-Like 

Peptide-1 Receptor Agonist (GLP-1RA) and insulin should be introduced (80).  

 

Medical Burden and Future Direction   

According to the IDF 2019 (6), the annual global health expenditure on diabetes was USD 

$760 billion in 2019 and estimated to rise to USD $825 billion by 2030 and USD $845 

billion by 2045. The cost of diabetes in the United States (US) had been largely increased 

by 33% in the six years since 2012 (USD $245 billion) to 2018 (USD $327 billion) (81). 

 

In Australia, T2DM accounted for 2.2% of the total disease burden in 2015 and is the 12th 

largest contributor to disease burden (28). Together with T1DM and pre-diabetes, 

diabetes contributed 4.7% of the total disease burden with a total annual cost of AUD 

$2.68 billion in 2015-2016 (82, 83). 

 

The current T2DM treatment of oral medication and insulin injection aims to reduce the 
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Ultraviolet B (UVB) light (290-315nm) can convert 7-dehydrocholesterol in the skin to 

vitamin D3. The sunlight-induced vitamin D3, together with a small amount of dietary 

vitamin D (D2 and D3), will be hydrolysed in the liver by D-25-hydroxylase (25-OHase) 

and further hydrolysed in the kidney by 25(OH)D-1-OHase (CYP27B1) to form the 

biologically active form of vitamin D – 1,25-dihydroxy-Vitamin D (1,25(OH)D) (88).  

 

The primary function of 1,25(OH)D is to maintain calcium homeostasis in conjunction 

with parathyroid hormone (PTH), serum calcium and phosphorus. For example, low 

serum calcium concentration will stimulate the renal secretion of 1,25(OH)D and increase 

the calcium absorption in the intestine (89), hence decrease PTH secretion and increase 

the serum calcium concentration (Figure 1.4). Inversely, inadequate vitamin D levels can 

reduce calcium absorption in the intestine and result in the serum PTH increase, which 

leads to calcium mobilisation from the bone tissue (90).  

 

 

Figure 1.4   
Vitamin D Sources and Metabolism Pathway, UVB, Ultraviolet B, nm, nanometre, Vit D, Vitamin D, PTH, 
Parathyroid hormone, 25(OH)D, 25-hydroxy-Vitamin D, 1,25(OH)D, 1,25-dihydroxy-Vitamin D. 
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Sources of Vitamin D 

The primary source of vitamin D for people living in Australia is natural sunlight. 

However, sun exposure can be negatively affected by weather, geographic differences, 

skin pigmentation, sunscreen application and over-covered traditional or religious cloth 

wearing, that inhibit the required sun exposure time to obtain a sufficient amount of 

vitamin D (87). Prolonged sun exposure may also increase skin cancer risks. Therefore, 

balanced consideration of sun exposure time to maintain an adequate vitamin D level 

from the ‘just enough’ sun exposure and to limit skin cancer risks from excessive sun 

exposure is required.   

 

The traditional understanding is that dietary vitamin D sources are limited. Based on 

current dietary patterns, the diet can only contribute 5-10% of the daily vitamin D needs 

for most adults (87). However, a recent study has reported a large discrepancy between 

dietary intake (71%) and the serum vitamin D level (19%) (91) and pointed out the 

discrepancy could come from the uncounted dietary 25(OH)D. Dietary 25(OH)D is two 

to five times more efficient in raising serum 25(OH)D concentration than its parent 

compounds - vitamin D2 and D3 (92); hence the inclusion of dietary 25(OH)D can be very 

important when calculating the vitamin D intake from food. 

 

Nowadays, fortified foods are a very important source of dietary vitamin D, and different 

countries applied different fortification regulations. In the United States, milk is 

voluntarily fortified with vitamin D at 40 IU/100ml; other fortified foods may include 

breakfast cereal, juice, yoghurt, cheese and oil spreads. In Canada, milk is mandatorily 

fortified with vitamin D of 30-45 IU/100ml and margarine is fortified with at least 530 

IU vitamin D per 100g (93). In Australia, mandatory vitamin D fortification is only 



 

 18 

required for margarine and oil spreads, and the table margarine should contain no less 

than 22 IU/100g (55μg/kg) of vitamin D (94). 

 

Recommended Dietary Intake (RDI) of Vitamin D  

The current Australian and New Zealand’s guidelines (2006) (95) for the Recommended 

Dietary Intake (RDI) of vitamin D is as follow: Adequate Intake (AI) of 200-400IU/day 

(5-10μg/day) for children and adult less than 70 years, and 600 IU/day (15μg/day) for 70 

years and older. However, these data are out-of-date and need a review (87). The most 

recent revised Recommended Daily Allowances (RDAs) of vitamin D is from the United 

States and suggests 600 IU/day (15μg/day) for children and adults aged 1–70 years, 

800 IU/day (20μg/day) for those older than 70 years, with an upper limit (UL) of 

4,000 IU/day (100μg/day) for people older than 9 years of age (96).  

 

Definition of Vitamin D Deficiency  

There is no universal cut-off point to determine Vitamin D Deficiency (VDD). Different 

organisations have slightly different definitions of VDD (see Table 1.2).  

 
Table 1.2  
Definition of Vitamin D Deficiency (97-99). 
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The Institute of Medicine sets 50 nmol/L as the sufficient cut-off point of VDD when 

considering optimal bone health as the only causal association established with vitamin 

D. This cut-off point was confident to cover 97.5% of the US population (96). Other 

organisation like Mayo clinic, has suggested a different or a higher cut-off point of VDD 

when considering further causal associations such as secondary hyperparathyroidism and 

osteoporosis (100). However, current evidence indicates the inconsistencies in the 

optimal serum 25(OH)D level due to the PTH concentration plateau (101).  

 

1.2.2 Health Impact of Vitamin D  

Vitamin D influences many organs and body systems including bones, intestines, immune 

and cardiovascular systems, pancreas, muscles, brain, and has possible benefits for 

preventing many diseases such as cancer, heart disease, falls and fracture, autoimmune 

diseases, influenza and T2DM (102). Based on systematic reviews, narrative reviews and 

RCTs, Haye reported the following summarised associations between vitamin D levels 

and disease risks in the 2016 Health Technology Assessment (103) (see Table 1.3). 

 
Table 1.3  
Associations between serum 25(OH)D and Diseases  
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Bone Health  

Vitamin D’s major function is maintaining appropriate blood calcium and phosphorus 

level and supporting skeleton and muscle development and maintenance. A severe and 

prolonged VDD can cause bone demineralization diseases such as rickets in children and 

osteomalacia in adults (104). A sufficient vitamin D level can help prevent muscle 

weakness (105), bone fracture and reduce morbidity and mortality, especially in elderly 

groups (106).  

 

Cardiovascular Health  

Epidemiological studies generally have shown that lower serum 25(OH)D levels are 

associated with an increased risk of heart disease, stroke and hypertension (107, 108). A 

meta-analysis of prospective studies presented a linear, inverse association between 

serum 25(OH)D ranging from 20-60 nmol/L and CVD risks (109) and concluded that a 

sufficient serum 25(OH)D concentration (50-62.5nmol/L) was associated with the lowest 

risk of a total CVD event and CVD mortality (110).   

 

RCTs suggested that 1,000 IU/day of Vitamin D supplementation can significantly 

improve High-Density Lipoprotein (HDL), apoA-I concentrations and Low-Density 

Lipoprotein (LDL) in overweight and obese women hence reducing CVD risks (111). 

Amongst people with a low baseline vitamin D level, vitamin D supplementation of 3,000 

IU/day could significantly lower blood pressure (112).  

 

Although few RCTs showed an inverse association between vitamin D and CVD risks, 

most RCTs and meta-analyses of vitamin D supplementation have shown a null or non-

significant association (113). The EVITA trial (Effect of Vitamin D on All-cause 
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Mortality in Heart Failure) reported that vitamin D supplementation of 4,000 IU/day did 

not reduce mortality in patients with advanced heart failure (114). The latest large trial 

VITAL (The Vitamin D and Omega-3 Trial) using vitamin D supplementation of 2,000 

IU/day also failed to show preventative effects on CVD (115).  

 

The current association between vitamin D and CVD is similar to T2DM aetiology as 

most large epidemiological studies suggested the inverse association between serum 

25(OH)D level and CVD risks, but the conclusions were inconsistent within RCTs. The 

inconsistencies may be due to the difference in dose regime, intervention duration, and 

the sensitivity of selected biomarkers. 

 

Cancer and Mortality  

Epidemiological studies, observational studies, RCTs, and molecular studies have 

supported vitamin D’s cancer preventative effects (116) and its role in cancer treatment 

(117). Studies suggested that vitamin D works as an anti-cancer agent and can function 

in cancer prevention and treatment through proliferation, differentiation, apoptosis and 

anti-inflammatory effects (118).  

 

The anti-cancer effect of vitamin D has been established in several cancer types, including 

colorectal cancer (119), breast cancer (120), and prostate cancer (121). A higher serum 

vitamin D concentration was associated with a decreased risk of cancer incidence and 

mortality rate, particularly cancers in the digestive and endocrine systems (122). A study 

showed that serum 25(OH)D level at 50 nmol/L or higher could reduce the risk of colon 

cancer by 75-80% (123), and an extra intake of vitamin D supplements >1,000 IU/day 

could reduce the incidence of breast cancer by 50% (124).  
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T2DM 

Evidence suggests a possible link between vitamin D and T2DM. A large Finnish 

observational study showed that males with the highest serum 25(OH)D level had the 

lowest risk of developing diabetes (125), with a similar result also observed amongst 

women (126). An RCT conducted among non-diabetic insulin-resistant South Asian 

women living in New Zealand reported a significant improvement in insulin resistance 

by vitamin D supplementation (127). Another RCT indicated that vitamin D could benefit 

the T2DM risk group as it slowed down the increase in fasting glucose among individuals 

with impaired glucose metabolism (128). 

 

Anti-inflammation and COVID-19 

Vitamin D’s anti-inflammatory effects have been observed consistently in the in vitro 

studies, with its effects observed in both blood mononuclear cells and human cell lines 

(129). A review of RCTs concluded that vitamin D could decrease most inflammation 

markers under the condition of a highly inflammatory status (130). The latest research 

has reported that an optimal vitamin D level and vitamin D supplementation can reduce 

the influenza risks and COVID-19 infections and death, as it may lower the viral 

replication rates and reduce the infection risk through its anti-inflammatory effects (131).  

 

1.2.3 Prevalence of Vitamin D Deficiency 

It is estimated that one billion people worldwide may have VDD or an insufficient vitamin 

D level (132). According to the Vitamin D Deficiency Map developed by the International 

Osteoporosis Foundation (IOF), Asia, the Middle East, parts of Europe and South Africa 

generally have a higher VDD prevalence than other regions (Figure 1.5).  

 



 

 23 

 
 
Figure 1.5  
Vitamin D Status in Adults (>18 years) Around the World (133), winter values were used to calculate the 
mean 25(OH)D levels.  

 

The US National Health and Nutrition Examination Survey (NHANES) from 2011-2014 

found that 23.3% of Americans (age ≥ one year) had VDD with a cut-off point of 50 

nmol/L. The prevalence rate was significantly higher in Black (53.3%), Asian (34.0%) 

and Hispanic groups (32.2%) than Caucasians (13.9 %) (134).  

 

The Australian Bureau of Statistics (ABS) (5) has reported that the majority of Australian 

adults have sufficient serum (OH)D levels (> 50 nmol/L), with only 23% (4 million) 

having VDD and less than 1% having a severe deficiency (<13 nmol/L). No significant 

difference was observed between men and women. Supplements were commonly used 

among the elderly group; hence the elderly were less likely to have VDD than the younger 

group.  

 

1.2.4 Risk Factors of Vitamin D Deficiency  

Ageing  
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Both ageing (135) and skin pigmentation (melanin) (136) can affect vitamin D synthesis 

in the skin. Although the young age group of 18-34 years was reported with a similar 

VDD prevalence (31%) when compared to the senior age group at 65 plus years (35%) 

(5). It was argued that the elderly group generally had a higher risk of VDD due to 

decreased sun exposure time and reduced ability of intestinal absorption due to ageing 

(137). Those who live in aged care institutions reported a high VDD prevalence that could 

reach as high as 79% (138).  

 

Ethnicity, Darker Skin and Cloth Covers  

Asians also have a higher prevalence of VDD. India reported approximately 94.3% of the 

population could have VDD (< 50 nmol/L) (139), while China reported 55.9% of the 

population could have VDD and women have a significantly higher VDD rate than men 

(140).  

 

Individuals with darker skin plus extra clothing coverage are most likely to have VDD 

(87), as the VDD was exacerbated by limited or no sun exposure due to the use of 

traditional or religious cloth covering (141). Statistical reports have shown that VDD was 

much more common among immigrants from Southern and Central Asia (67% on average 

and 60% in summer), North-East Asia (64%), South East Asia (58% on average and 50% 

in summer) and North Africa and the Middle East (50%) (5).  

 

An Australian study found that 80% of dark-skinned and veiled women had VDD with 

an average serum vitamin D level under 22.5 nmol/L (142). Among them, 66% of women 

had a moderate VDD in summer, and this number could worsen to 90% in winter. Another 

study in the city of Oslo compared five different immigrant groups from the Middle and 
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South-East regions (Turkey, Sri Lanka, Iran, Pakistan and Vietnam) also reported a high 

VDD prevalence (64.9%) among women from Pakistan due to darker skin pigmentation, 

covered clothes and limited time of outdoor activities (143).  

 

Skin pigmentation has also been shown to decreased vitamin D synthesis in the dark-

skinned population (144). A study reported that 51% of African-American adolescents 

have a low serum vitamin D level (< 37.5 nmol/L), especially in winter (145), while 

another study (146) from Melbourne, Australia, revealed a similar percentage (53%) of 

VDD among African immigrants.  

 

Other Risk Factors  

A reduction in sun exposure time can increase the risk of VDD. The reduction could be 

caused by lifestyle changes such as limited outdoor activities (147), sunscreen usage (148) 

and environmental changes such as air pollution (149).   

 

Besides, people with certain medical conditions, including osteoporosis, liver failure, 

renal diseases, and malabsorption problems such as Crohn’s disease and bariatric surgery, 

are at a higher risk of VDD. Medications including isoniazid, rifampicin, and 

anticonvulsants may increase the risk of VDD as these medications could affect vitamin 

D synthesis and absorption in the digestive tract and alter the endocrine action of vitamin 

D (150). Moreover, breastfed infants are also at risk of VDD if they are fed by a vitamin 

D deficient mother (98).  
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Although most of the cohort studies confirmed that both vitamin D supplements and 

sufficient baseline serum 25(OH)D levels could reduce the risk of developing T2DM, 

confounding factors have always been a drawback in previous publications on vitamin D 

research. The optimum baseline vitamin D levels are commonly observed in individuals 

with a healthier lifestyle or of a younger age compared to those with lower baseline 

vitamin D levels (155). One can argue that the lifestyle and age themselves are associated 

with lower T2DM risks in this population, while the optimal blood vitamin D levels are 

also the result of such confounders. Other factors, including sun exposure, outdoor 

physical activities, dietary intake and medication or insulin usage, can also influence both 

vitamin D and glucose levels (156). Therefore, if such factors have not been adjusted for, 

studies would have significant limitations that make the conclusion not sound.  

 

1.3.2 Randomised Clinical Trials 

The therapeutic effects of vitamin D supplements have not been well supported by 

previous clinical trials either. Meta-analysis of randomised clinical trials has not 

established the association between vitamin D and glycaemia control in T2DM patients. 

A meta-analysis conducted in 2012 including fifteen trials concluded that vitamin D 

supplements have no significant impact on fasting glucose, HbA1c levels, or insulin 

resistance index compared with placebo after combining all studies; however, small but 

non-significant beneficial effects were observed on fasting glucose and insulin resistance 

among people with diabetes or impaired glucose tolerance (157). A 2018 systematic 

review and meta-analysis (158) including twenty trials found that vitamin D supplements 

failed to improve fasting blood glucose, HbA1c and fasting insulin levels. However, this 

study also found that vitamin D supplements in large dosage (more than 2000 IU/day) for 

a short period (less than or equal to three-month) may be able to improve insulin 



 

 28 

resistance, especially in T2DM patients with normal body weight, Asian background 

especially Middle Easterners, vitamin D deficiency, and an optimal fasting glucose level. 

This suggests that any complications can diminish the effect of vitamin D supplements. 

 

Single randomised clinical trials have also presented inconsistent results regarding the 

association of vitamin D supplementation and glycaemic control in patients with T2DM. 

Some have reported that vitamin D supplements may benefit people with impaired 

glucose as vitamin D slowed down the increase in fasting glucose and insulin resistance 

(128, 157); many others reported a null association (159-163). A trial conducted among 

non-diabetic but insulin-resistant South Asian women in New Zealand (127) suggested 

that keeping an optimum 25(OH)D level (i.e. 50-80 nmol/L) in the long-term can benefit 

insulin sensitivity. However, two clinical trials that used a large injection dosage of 

300,000 IU/day had observed inconsistent results; one study indicated that vitamin D3 

improved insulin sensitivity by increasing the Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR) and HbA1c (164), while in the other,  vitamin D3 had failed to 

improve the glycaemic control (159). Oral supplements generally used a lower dosage 

from 500 to 6,000 IU/day, and most of them failed to affect glycaemic control in T2DM 

(160-163).  

 

Two trials with a large sample size also reported some marginal effects of vitamin 

supplementation (165, 166). In one study (165), 511 prediabetic adults were randomised 

with vitamin D 20,000 IU/week or placebo and followed up for 3.3 years for the incident 

of T2DM. The incident was lower in the vitamin D group compared to placebo, however, 

it was not statistically significant. Another recently completed large randomised clinical 

trial - Vitamin D and Type 2 Diabetes (D2D) Trial (166), compared the vitamin D 
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supplemented at a dosage of 4,000 IU/day with the placebo. The study analysed data from 

more than 2,400 participants with prediabetes for over 2.5 years and also found a non-

statistically significant reduction (12%) in the risk of diabetes. However, other studies 

suggested that a possible but non-significant benefit in glycaemic control (162), insulin 

secretion (163) or insulin sensitivity (167). 

 

It was noticed that some well-designed large studies such as D-HEALTH and VITAL 

(Vitamin D & Omega-3 Trial) projects are ongoing and would help to explore the 

association between vitamin D and T2DM once they are completed. D-HEALTH trial in 

Australia is the second-largest trial of high dosage vitamin D supplementation ever 

conducted (168). It is designed to compare 60,000 IU/month supplementation with 

placebo followed up for five years to explore the association between vitamin D 

supplements and health outcomes, including Cardiovascular Diseases, cancer, and 

diabetes (168). The VITAL study has included 25,871 Americans using vitamin D of 

2000 IU/day or omega-3 fatty acids 1000mg/day and follows up for five years to assess 

the effects on cardiovascular diseases and cancer. This ancillary study will use incident 

diabetes as a secondary outcome (169).  

 

A few limitations need to be noted when interpreting inconsistent results from existing 

randomised control trials, including relatively small sample sizes, short study duration, 

poor research design, vitamin D sources and dosage, and other confounding factors such 

as sun exposure, dietary intake, supplement and medication usage (170). Such limitations 

led to the decision to undertake a literature review on current RCTs and perform a more 

rigorous designed RCT to examine the effects of vitamin D intervention on glycaemic 

control among T2DM participants. 
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can be very challenging (175), as it requires medication and insulin use as well as lifestyle 

changes such as a healthy diet (176, 177) and increased physical exercise (178). Haye 

reported in the 2016 Health Technology Assessment (103) which summarised 

systematics reviews, narrative reviews and clinical trials, concluded that (OH)D had a 

protective association with T2DM. 

 

2.1.1 Cohort Studies and Limitations  

The meta-analysis of cohort studies generally have had a consistent conclusion regarding 

the association between vitamin D and T2DM. One meta-analysis found a significant 

inverse association between serum 25(OH)D level and T2DM risks across the whole 

population (152). It summarised that each 10 nmol/L increase in serum 25(OH)D level 

can lead to 4% lower risk of T2DM and the sufficient baseline 25(OH)D level was 

significantly associate with a lower T2DM risks.  

 

Another systematic review and metanalysis (153) analysed data from 18 long-term 

prospective studies and also suggested a significant inverse association of baseline 

vitamin D level and incident T2DM. Similarly, Mitri et al (154) found that persons with 

a higher baseline serum vitamin D level (higher than 62.5 nmol/L) had a lower risk then 

those with serum 25(OH)D level less than 35 nmol/L.  They also concluded that Vitamin 

D >500 IU/day decreased 13% of the T2DM risks.   

 

Confounding factors or residual confounders are always problematic within vitamin D 

research. Optimum vitamin D level usually indicated a healthier lifestyle and a younger 

age, which may associate with lower T2DM risks independent from vitamin D (155). 

Besides, the dietary consideration may not be sufficient as we cannot exclude the possible 
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effect from unmeasured or unknown food component which may influence the result 

accuracy (156).   

 

2.1.2 Clinical Trials & Limitations  

Meta-analysis of RCTs has not established the association between vitamin D and 

glycaemia control in T2DM patients however some have reported that vitamin D might 

benefit people with impaired glucose as vitamin D slowed down the increase in fasting 

glucose (128). 

 

A meta-analysis included 15 RCTs in the health population reported that vitamin D has 

no significant improvement in T2DM control when compared with placebo. T2DM 

control markers selected in these RCTs including fasting glucose, HbA1c and insulin 

resistance. 

 

Although no association was found with vitamin D and T2DM control markers, this study 

showed there was a small effect on fasting glucose and insulin resistance among people 

with diabetes or impaired glucose levels (157).  

 

Single RCTs usually reported null association. Two RCTs used large dosage 300,000 

IU/day injections and observed inconsistent results, one study indicated that vitamin D3 

improved the insulin sensitivity by increasing the HOMA-IR and HbA1c (164), while the 

other failed to prove the association (179). Oral supplement intervention generally used 

lower dosage from 500 to 6,000 IU/day and was failed to report the association between 

vitamin D and glycaemic control in T2DM, however it was suggested a possible positive 

link between vitamin D and glycaemia (162), insulin secretions (163) or insulin 
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sensitivity (164). A recent-completed large RCT, Vitamin D and Type 2 Diabetes (D2D) 

Trial, compared the vitamin D supplemented at a dosage of 4,000 IU/day with a 

compatison of a placebo group. The study analysed data from more than 2,400 

participants with prediabetes for over 2.5 years and also found a non-statistically 

significant reduction (12%) in the risk of diabetes.  

 

It was noticed that some well-designed large studies are ongoing and may help to explore 

the association including D-HEALTH and VITAL (Vitamin D & Omega-3 Trial) projects. 

For example, D-HEALTH trial in Australia is the second-largest trial of high dosage 

vitamin D supplementation ever conducted. It is designed to compare 60,000 IU/month 

supplementation and with placebo followed up for five years, to explore the association 

between vitamin D and health outcomes including CVD, T2DM and cancer (168). The 

trial is due to finish in June 2020, with additional follow up planned through to 2024.   

 

2.1.3 Possible Mechanism  

Changes in serum vitamin 25(OH)D level can affect β‐cell function, insulin secretion and 

sensitivity, insulin resistance and is related with inflammation. Current studies suggest 

several possible pathways that vitamin D may affect the glucose level and T2DM.  

 

Vitamin D can act directly on islet β cells and regulate insulin synthesis and secretion. It 

stimulates insulin secretion by increasing the intracellular calcium concentration via 

voltage-gated calcium channels or may mediate activation of β cells calcium-dependent 

endopeptidases to assist conversion of proinsulin to insulin. Vitamin D may also improve 

insulin function directly through stimulated expression of the insulin receptors and 

regulation of insulin-mediated intracellular processes via calcium regulation (180). 
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glucose (FPG); post-prandial glucose (PPG); haemoglobin A1c (HbA1c), insulin 

sensitivity (Quantitative Insulin Sensitivity Check Index, QUICKI), insulin secretion 

(homeostasis model assessment, HOMA-IR or beta cell function, HOMA-B). If there 

were more than one publication from the same research group that included similar or the 

same interventions, we included only the study with the longer intervention period.   

 

2.2.2 Exclusion Criteria  

Excluded were studies with a short trial period, that is less than or equal to one month. 

Research designs other than RCTs such as reviews, cross-section studies and 

retrospective studies were also excluded. Studies involving children, pregnant women 

and/or participants with pre-diabetes, type 1 diabetes and gestational diabetes and/or 

participants with conditions such as chronic renal diseases and hyperparathyroidism were 

also excluded.  

 

2.2.3 Data Search and Extraction 

‘Vitamin D’, ‘diabetes’, ‘glycaemic control’ and related terms were used in the search. 

Vitamin D related terms including ‘vitamin D’ or ‘vitamin D3’ or ‘cholecalciferol’ or 

‘vitamin D2’ or ‘ergocalciferol’, and diabetes-related terms including ‘diabetes’ or ‘type 

2 diabetes’ or ‘T2DM’ or ‘hyperglycaemia’ or ‘hyperglycaemia’.  ‘Human research’ and 

‘clinical trials’ were added to the search criteria. Thirty-eight articles were initially 

retrieved and then following an examination of the articles’ title and abstract based on the 

selection criteria 16 eligible articles remained. 

 

The full text of these articles were retrieved. Study characteristics such as location of 

study, study type, age of participants, intervention dosing, sample size, intervention 
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pathway, study duration and targeted biomarker [FPG, PPG, HbA1c, insulin residence 

(HOMA-IR), beta cell function (HOMA-B), delta C-peptide (DCP), Quantitative insulin 

sensitivity check index (QUICKI)], positive biomarker which had a significant increase 

or decrease, and the general conclusion were extracted from the eligible studies and listed 

in a table.   

 

2.2.4 Quality Assessment  

The Jadad scale and the Van Trudle scale were used to assess the quality of the eligible 

RCTs. The Jadad scale has five questions related to randomisation, blinding and related 

research design.  The Van Trudle scale was designed to make assessments of RCTs on 

11 components including randomization, allocation concealment, baseline characteristics, 

patient blinding, caregiver blinding, observer blinding, co-intervention, compliance, 

dropout rate, end-point assessment time point, and intention-to-treat analysis.  

 

For both scales, the reviewer marked ‘Y’ (YES) and ‘N’ (NO) or ‘NK’ (NOT KNOWN) 

to answer each question. If the answer was ‘Y’, a score of 1 was given; ‘N’ or ‘NK’ 

received zero. The total score presents the quality of research. A total score >3 for the 

Jadad scale or >5 for the Van Tulder scale indicates a high-quality study.  

 

Sixteen RCTs were identified based on the inclusion and exclusion criteria. Among them, 

fifteen studies were randomised placebo-control studies, thirteen (159, 161-164, 167, 179, 

184-189) were double-blind design, two (190, 191) were single-blind design and one (192) 

was unclear. All RCTs had a small sample size (8-45 each group), with subjects aged 

between 48.5±8 years to 66.9±3.1 years. Vitamin D3 (cholecalciferol) was used as an oral 

vitamin D supplement in most of the studies (12/16), two used vitamin D3 via injection, 
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Table 2.1  
Characteristics and General Conclusion of Selected RCTs 
 

	
Author,	year,	country		

	
Research	design	

	
Age	(year)	

	
Intervention	and	sample	

size	

	
Duration		

	
Related	target	
biomarker		

	
Positive	biomarker		

	
General	conclusion		

Shab-Bidar, Neyestani & Diazavery. 
2015,  
IRAN (190) 

Single blind, 
randomized, placebo-
controlled trial 

Mean age of 
intervention group: 54.1 
years (SD 8.0) vs. 
placebo group 51.3 
years (SD 7.7) 

Fortified yoghurt contains 500IU 
vitamin D3/250 ml x 2/d (N=31) vs. 
plain yoghurt contains no vitamin 
D/250 ml x 2/d (N= 29), oral 

3 months  Fasting serum glucose, 
HbA1c and QUICKI  

Significant change in HbA1c (-0.71, 
P<0.001), QUICKI (-0.009, 
P<0.001) 

QUICK improved, HbA1c 
decreased but no significant 
changes between groups,  
500IU vitamin D not enough to 
improve insulin resistance  

Sadiya et al. 2015,  
UAE (185)  

A randomized controlled 
double-blinded clinical 
trial 

Intervention: 49±8 years 
vs.  placebo: 48.5±8 
years 

6000 IU vitamin D3 /d followed by 
3000 IU vitamin D3 /d in phase 2 
(N=45) vs. placebo group (n = 42) 
received matching placebo, oral 

6 months 
with 2 
phases  

Fasting blood glucose, 
HbA1c, C-peptide 

n/a No improvement in glycemic 
control including fasting blood 
glucose, HbA1c and C-
peptide. 

Elkassaby et al. 2014,  
AUSTRALIA (162) 

Randomized, double 
blind placebo-controlled 
clinical trial  

54 (48-58) Vitamin D3 10,000 IU/d x 2wks then 
6,000 IU/d x 6 months (n=26) vs. 
placebo (N=24), oral 

6 months  Delta C-peptide (DCP), 
FPG; PPG, HbA1c and 
HOMA-IR 

FPG lower at 3 months (D −0.40 vs 
placebo +0.1mmol/L, p=0.006); 
PPG lower at 3 months (D −0.3 vs 
placebo +0.8mmol/L, p=0.005) 

Vitamin D has a transient 
improvement in glycaemia, 
but little to no therapeutic 
benefit in T2DM  

Ryu et al. 2014,  
KOREA (188) 

Prospective, 
randomized, double 
blind, placebo-
controlled trial 

Intervention: 
56.7±7.9; placebo: 
54.5±7.4 

Vitamin D3 2,000 IU/ + calcium 200 
mg/d (N=30) vs. placebo (calcium 
200 mg/day) (N=32), oral 

6 months  Fasting glucose, HbA1c, 
insulin, HOMA-IR and high-
sensitivity C-reactive protein 
[hsCRP] 

n/a No improvement in HbA1c, 
HOMA-IR or glycemic control  

Kampmann et al. 2014, 
DANMARK (163) 

Double blind, 
randomized, placebo 
controlled trial  

Intervention: 61.6 ± 
4.4; placebo: 54.7±4.5 

Vitamin D3 11,200 IU/d x 2wks then 
5,600 IU/d x10wks (N=8) vs. 
placebo (N=8), oral 

3 months IVGTT, hyperinsulinemic 
euglycemic clamp, 
assessment of baseline 
high-frequency insulin 
pulsatility, glucose-entrained 
insulin pulsatility, DXA scans 
and fasting blood samples 

C-peptide boarderline increased at 
12 weeks (D 245±111vs placebo 
112±98 pmol/L, p=0.07) 

No improvement in insulin 
resistance or HbA1c, might 
increase insulin secretion in 
T2DM patients.  

Al-Sofiani et al. 2015, 
SAUDI ARABIA/USA (184) 

A double blind, 
randomized clinical trial  

Intervention: 54.8±9.16 
years vs. placebo group: 
55±11.99 years 

Vitamin D3 5,000IU/d (N=10) vs. 
placebo (N=10), oral  

3 months HbA1C, FBG, insulin, 
HOMA-IR and HOMA-%B 

HOMA-%B increased significantly 
by 35.9% [-3.11, 42.67] (P = 0.03) 
and insulin increased by 1.82 [-0.78, 
7.61] µU/mL (P = 0.11) compared 
with baseline 

Vitamin D repletion improved 
β-cell activity in vitamin D – 
deficient T2DM with no 
significant changes in HbA1c 
or insulin sensitivity.  

Tabesh et al. 2014,, 
 IRAN (186) 

Parallel designed, 
double blind, 
randomized placebo- 
controlled clinical trial 

group 1: 50.2±6.6; 
group 2: 53.7±5.7; 
group 3: 49.8± 6.1; 
group 4: 51± 6.1; 

Group 1: 50,000 IU/wk vitamin D3 + 
calcium placebo (N=29), oral;  
Group 2: 1,000 mg/d calcium + 
vitamin D placebo (N=29), oral; 
Group 3: 50,000 U/wk vitamin D + 
1,000 mg/d calcium (N=30), oral; 
Group 4: vitamin D placebo + 
calcium  placebo (N=30), oral 

2 months  FPG, HbA1c, HbA1c, 
Insulin, HOMA-IR, QUICKI 
and HOMA-B 

A significant decrease in serum 
insulin (−14.8±3.9 pmol/L, p=0.01) 
and HbA1c (−0.70±0.19%, p=0.02),  
significant increase in QUICKI 
(0.025±0.01, p=0.004) and HOMA-B 
(11.8±12.17, p=0.001) in calcium & 
vitamin D group 

Joint calcium and vitamin D 
supplementation might 
improve the glycemic status of 
vitamin D insufficient people 
with T2DM.  

Jehle et al. 2014,  
SWITZERLAND (164) 

Prospective, 
randomized, double-
blind, placebo-
controlled pilot study 

Intervention: 66.9±3.1; 
placebo: 63.7±3.5 

Vitamin D3 300,000 IU / (N=29) vs. 
placebo (N=26), injection 

6 months  HbA1c and HOMA-IR Reduced HbA1c (2.9±1.5% vs +6.9± 
2.1%, p=0.041); 
reduced HOMA-IR (-12.8±5.6% vs 
+10± 5.4%, p = 0.032) 

Vitamin D3 improved insulin 
sensitivity (HOMA-IR) and 
affected the course of HbA1c 
in patients with T2DM. 

Yousefi et al. 2014,  
IRAN (167) 

Randomized double-
blind placebo-controlled 
clinical trial study 

Intervention: 50.03; 
placebo: 49.90 

Vitamin D 4000 IU /d (N=28) vs. 
placebo group (N=30), oral 

2 months  HbA1c, insulin and HOMA-
IR 

A significant decrease in HbA1c 
(from 7.29 ± 0.22 % to 6.76 ± 0.18 
%, P<0.001) and insulin 
concentration (from 8.24 ± 0.97 
μIU/mL to 6.55 ± 0.28 μIU/mL, 
P=0.048) 

Vitamin D supplementation 
has beneficial effects on 
glucose homeostasis and can 
increases insulin sensitivity in 
T2DM patients. 
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Nasri et al. 2014,  
IRAN (179) 

Randomized, double-
blind, placebo controlled 
clinical trial 

55 (10.7) Vitamin D3 50,000IU/wk (N=30) vs. 
placebo (N=30), oral 

3 months  HbA1c HbA1c in male diabetic patients in 
interventional group was less than 
that of control group (p=0.0068) 

Weekly vitamin D 
supplementation had 
beneficial effect on glycemic 
parameters in male T2DM 
patients. 

Heshmat et al. 2012,  
IRAN (159) 

Double blind, 
randomized clinical trial 

Intervention: 56.2±9.3; 
placebo: 56.2±11 

300,000 IU of vitamin D3 (N=21) vs. 
placebo group (N=21), injection  

3 months  Fasting blood sugar, HbA1c, 
HOMA and insulin 

n/a Injection of vitamin D3 did not 
improve on control of diabetes 
and its risks. 

Nikooyeh et al. 2011,  
 IRAN (187)  

Double-blind, 
randomized clinical trial, 

50.7±6.1 DY group: 500 IU vitamin D3 + 150 
mg Cal /250 mL) twice/d (N=30), 
oral; 
DCY group: 500 IU vitamin D3 + 250 
mg Cal/250 mL) twice/day (N=30), 
oral; 
PY group (no vitamin D + 150mg 
calcium / 250ml) twice/d (N=30), 
oral 

3 months FSG, HbA1c and HOMA-IR Significant decrease in in serum 
glucose, insulin, HOMA-IR, and 
HbA1C: DCY & DY FSG −12.9±33.7 
mg/dL (P=0.015) vs PY −9.6±46.9 
mg/dL (P=0.035); HbA1c −0.4±1.2% 
vs −0.4±1.9% (P<0.001); HOMA-IR 
−0.6±1.4 (P=0.001) vs −0.6±3.2 (P< 
0.001); 
an inverse correlation between 
changes in serum 25(OH)D and 
FSG (r=−0.208, P=0.049), FM (r= 
−0.219,  P=0.038), and HOMA-IR 
(r=−0.219, P=0.005) 

Fortified yoghurt contains 
vitamin D significantly 
improved the glycaemia status 
including FSG, HbA1c and 
HOMA-IR in T2DM patients.  

Strobel et al. 2014,  
GERMANY (161) 

Placebo-controlled, 
randomized, double-
blind study 

60(30-78) Vitamin D3 1,904 IU/d (N=34) vs. 
placebo (N=43), oral  

6 months  Fasting glucose, insulin, 
HOMA-index, delta C-
peptide and HbA1c 

Fasting insulin positively correlated 
with 25OHD after 6 months in both 
groups (verum: r=0.23, p= 0.492; 
placebo: r=0.41, p=0.013) 

No significant effects of 
vitamin D in DM biomarkers  

Soric, Renner & Smith 2012,  
USA (191) 

Prospective randomized 
single-blind placebo-
controlled study 

Intervention: 53.8±9.2; 
placebo: 55.3±7.8 

2000 IU/d vitamin D3 (N=19) vs. 
placebo vitamin C (N=12), oral 

3 months  HbA1c Significant reduce in HbA1c -1.4 (-
2.4 to -0.4) vs 0.2% (-0.2 to 0.6%) in 
baseline HbA1c >9.0% group 
(p=0.013) 

Non-significant changes of 
HbA1c between groups, 
significant HbA1c reduction 
found in subgroup (baseline 
HbA1c >9.0%) 

Patel, Poretsky & Liao 2010,  
 USA (192) 

Pilot prospective 
randomized trial,  
Nil control group 

58.4±2.5 Vitamin D3 400 IU/d (N=13) vs. 
vitamin D3 1,200 IU/d (N=11), oral 

4 months  Fasting plasma glucose, 
HbA1c and QUICKI 

N/a No improvement in the 
glycaemia and insulin 
sensitivity  

Witham et al. 2010,   
UK (189) 
  

Randomized, double-
blind, parallel group, 
placebo-controlled trial 

Placebo 66.7(9.7); 
100,000 IU 65.3 (11.1); 
200,000 IU 53.3 (9.3) 

Group 1:Vitamin D3 100,000 IU 
(N=19), oral; 
Group 2:  vitamin D3 200,000 IU 
(N=18), oral;  
Group: placebo (N=21), oral  

4 months HOMA-IR, glucose and 
HbA1c 

N/a No improvement in insulin 
resistance or HbA1c 
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2.3.2 Main Results  

Eligible studies were generally long-term studies with duration ≥ 3 months, with only two 

considered a short-term study (167, 186). Among them, four studies (164, 167, 179, 187) 

showed a positive change in glycaemia control, specifically in insulin sensitivity 

(HOMA-IR) (164), glycaemia status including serum insulin, FPG, HbA1c and HOMA 

(167, 179, 187). Tabesh et al. (186) used calcium and/or vitamin D as oral supplements 

and reported a positive result from conjoint supplementation of calcium and vitamin D in 

improving glycaemia status among T2DM patients. Nikooyeh et al.  (187) chose vitamin 

D and/or calcium fortified yoghurt as a supplementary intervention and Jehle et al. (164) 

used 300,000 IU vitamin D via injection: Authors of both studies concluded that vitamin 

D improved the glycaemic status and insulin sensitivity of T2DM patients.  

 

Of the remaining eleven studies, none showed a significant improvement for glycaemia 

control (159, 161-163, 184, 185, 188-192).  

 

Five of the included studies, however, showed a temporary improvement or suggested an 

association between vitamin D and glycaemic control. Kampmann et al. (163) suggested 

a possible link between an adequate vitamin D level and insulin secretion, and it was 

noted that it was the only research study that used a hyperinsulinemic euglycaemic clamp 

to quantify beta cell response (163). Al-Sofiani et al. (184) suggested that vitamin D 

improved beta-cell activity in the vitamin D-deficient T2DM group with no significant 

changes in HbA1c or insulin sensitivity. Another study showed a temporary improvement 

on FPG and PPG at the 3-month period but failed to show a difference again at the 6-

month period (162). A significant reduction in HbA1C was shown but only among 

patients who had a baseline of HbA1c > 9.0 % (191), and a positive link of 25(OH)D and 
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fasting insulin was reported by Strobel et al. (161).  

 

A 300,000 IU vitamin D injection was the highest dosing of vitamin D3 intervention 

among the 16 RCTs, and it indicated that vitamin D3 improved the insulin sensitivity by 

increasing the HOMA-IR and HbA1c (164, 179). However, another study with large 

dosing (up to 20,000 IU, Oral) found no improvement in glycaemic control (189). 

 

2.3.3 Quality Assessment 

According to the JADAD score, eleven RCTs were assessed as high quality with Jaded 

score ≥ 3. Details are shown in Table 2.2.  Thirteen RCTs were considered as high-quality 

studies based on the Van Tulder scale with a total score >5; the remaining three studies 

all scored 5/11. Details are shown in Table 2.3.  
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Table 2.2  
Quality Assessment of RCTs as assessed by JADAD Scale 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Y=yes (1 score); N=No (0 score);  
**Total score > 3 indicate a high-quality RCT.  

Author,	Year,	Country	 Was	the	study	
described	as	
random?	

Was	the	randomization	
scheme	described	and	
appropriate?	

Was	the	study	
described	as	
double	blind?	

Was	the	method	of	
double	blinding	
appropriate?	

Was	there	a	description	
of	dropouts	and	
withdrawals?	

	
JADAD	SCORE	

Shab-Bidar, Neyestani & Djazayery 2015,  
IRAN (190) 

Y Y N N N 2 

Sadiya et al. 2015,  
UAE (185) 

Y Y Y Y Y 5 

Al-Sofiiani et al. 2015,  
SAUDI ARABIA / USA (184) 

Y Y Y N Y 4 

Yousefi et al. 2014,  
IRAN (167) 

Y Y Y N N 3 

Elkassaby et al. 2014  
AUSTRALIA (162) 

Y Y Y Y Y 5 

Nasri et al. 2014,  
IRAN (179) 

Y Y Y N N 3 

Jehle et al. 2014,  
SWITZERLAND (164) 

Y Y Y Y N 4 

Kampmann et al. 2014,  
DANMARK (163) 

Y Y Y Y Y 5 

Strobel et al. 2014, 
GERMANY (161) 

Y N Y Y N 2 

Tabesh et al. 2014, 
IRAN (186) 

Y Y Y Y Y 5 

Ryu et al. 2014, 
KOREA (188) 

Y Y Y Y Y 5 

Soric, Renner & Smith 2012, 
USA (191) 

Y N N N N 1 

Heshmat et al. 2012, 
IRAN (159) 

Y N Y N N 2 

Nikooyeh et al. 2011, 
IRAN (187) 

Y N Y N Y 3 

Patel, Poretsky & Liao 2010, 
USA (192) 

Y N N N Y 2 

Witham et al. 2010 
 UK (189) 

Y Y Y Y Y 5 
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Table 2.3  
Quality Assessment of RCTs as assessed by VAN TULDER Scale 
Author,	year,	country	 Randomiza

tion	
adequate	

Concealed	
treatment	
allocation	

Similarity	
between	groups	
at	baseline	

Patient	
blinding	

Care	giver	
blinding	

Observer	
blinding	

Outcome	
assessment	time	
similar	

Co-intervention	
avoided/	
similar	

Compliance	
acceptable	in	all	
group	

Drop	out	
description	&	
acceptable	

Include	
‘intension	to	
treat’	analysis	

Total	score	

Sadiya et al. 2015, 
UAE (185) 
 

Y Y Y Y Y Y Y Y Y Y N 10/11 

Shab-Bidar, Neyestani & 
Djazayery 2015, 
IRAN (190) 
 

N N N Y N NK Y Y Y Y / nil Y 6/11 

Elkassaby et al. 2014 
AUSTRALIA (162) 
 

Y Y Y Y Y Y Y Y Y Y Y 11/11 

Ryu et al. 2014, 
KOREA (188) 
 

Y Y Y Y NK NK Y Y Y Y N 8/11 

Kampmann et al. 2014, 
DANMARK (163) 
 

Y N N Y Y Y Y Y Y Y N 9/11 

Al-Sofiiani et al. 2015, 
SAUDI ARABIA / USA (184) 
 

Y N N Y Y NK Y Y Y Y N 7/11 

Tabesh et al. 2014, 
IRAN (186) 
 

Y Y N Y Y Y Y Y Y Y N 9/11 

Jehle et al. 2014, 
SWITZERLAND (164) 
 

Y Y Y Y Y Y Y Y Y Y Y 11/11 

Yousefi et al. 2014, 
IRAN (167) 
 

Y N N Y NK NK Y Y Y N Y 6/11 

Nasri et al. 2014, 
IRAN (179) 
 

Y N Y Y NK NK Y Y Y N Y 7/11 

Heshmat et al. 2012, 
IRAN (159) 
 

NK NK Y Y NK NK Y Y Y N Y 6/11 

Nikooyeh et al. 2011,  
IRAN (187) 
 

NK N N Y NK NK Y Y Y N Y 5/11 

Strobel et al. 2014, 
GERMANY (161)  
 

N N Y Y NK NK Y Y N Y N 5/11 

Soric, Renner & Smith 2012, 
USA (191) 
 

N Y Y Y N N Y Y Y N Y 7/11 

Patel, Poretsky & Liao 2010, 
USA (192) 

 

N N Y Y NK NK Y Y NK N N 5/11 

Witham et al. 2010, 
UK (189) 
 

Y Y Y Y Y Y Y Y Y Y N 10/11 

*Y=yes (1 score); N=No (0 score); NK=Not know (0 score); 
**Total score	>	5	indicate	a	high-quality	RCT.	 
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A study using calcium supplementation with 1,500mg/day for 8 weeks showed calcium 

had no effect on an insulin parameter (193).  However, other studies showed a positive 

effect of vitamin D on beta–cell function and glucose tolerance which may have been due 

to the correction of calcium level and secondary hyperparathyroidism (194). Therefore, 

with calcium as the co-intervention, calcium’s effects on glycaemia should be considered 

when discussing the link between vitamin D and glycaemic control. 

 

2.4.2 Vitamin D Dosage  

Vitamin D of different dosing showed inconsistent results. The largest dose used among 

the 16 RCTs was the 300,000 IU vitamin D injection which occurred in two studies. One 

reported that vitamin D3 improved the insulin sensitivity by increasing the HOMA-IR 

and HbA1c (164), while the other failed to prove the association (179). Another study 

using oral vitamin D supplements of 100,000 IU and 200,000 IU found no improvement 

in glycaemic control (189). Most of the studies selected 500 to 6,000 IU vitamin D as the 

intervention dosing, the majority of which reported a negative link between vitamin D 

and glycaemic control in T2DM patients, but suggested a possible positive link between 

vitamin D and glycaemia (162), insulin secretions (163) or insulin sensitivity (164).  

 

2.4.3 Vitamin D Sources  

The most common source of vitamin D in daily life is sun exposure, however there were 

no RCTs using sun exposure as an intervention. A current systematic review concluded 

that there is a significant gap between sun exposure and glycaemic outcomes (195). It 

also indicated that clinical trials using vitamin D supplementation may fail to capture the 

additional benefits of sun exposure. A recent study (196) showed a moderate level of 

evidence that sun exposure may prevent the development of T2DM. Hence more studies 
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and RCTs are needed to explore the link between vitamin D via sun exposure and its 

impact on glycaemic control.  

 

The National Health and Medical Research Council (NHMRC) suggested that sunlight is 

still the main approach for obtaining sufficient vitamin D and that dietary resources can 

replenish the level to a limited extent. More recently a study has suggested that the current 

data may underestimate the level of vitamin D3 in food since there is a discrepancy of 

vitamin D deficiency between calculation based dietary data (71%) and actual serum 

25(OH)D test data (19%) (91). This study also suggested that if we take 25(OH)D in 

animal-based food into consideration, there will be 2-18 times higher level of vitamin D 

content, depending on the food type. Thus, more studies are encouraged to explore the 

impact of dietary vitamin D on insulin sensitivity and glycaemic control. 

 

2.4.4 Limitations  

Database bias is a limitation in the current review. Only one database (PUBMED) was 

used to conduct the article search and it is possible that some existing research studies 

may not have been included. Another criticism of this review is objective bias. Articles 

were selected and analysed by only one researcher thus there may have been subjective 

bias regarding article selection and analysis. A third limitation was the type of vitamin D 

intervention. Most of the studies used vitamin D3 through oral supplements and there 

were two studies that used injection. There were limited data of vitamin D2 or vitamin D3 

gained via sun exposure or dietary resources to compare the differences. The fourth 

limitation was related to data extraction. Data such as ethnicity, gender, baseline fat mass 

index, outdoor physical exercise time, calcium intake from diet or supplements, vitamin 

D intake from diet or supplements could all affect the level of vitamin D, however, these 
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4.2.2 Study Groups 

Eligible participants were randomised in equal numbers into one of the four groups: Diet, 

Sun exposure, vitamin D Supplement and the Waitlist group.  

 

4.2.3 Power Calculation & Number of Participants 

A power analysis was performed using G*Power 3 (197). The F-test repeated measured 

ANOVA was chosen to test the within-between interaction (Figure 4.1). In order to detect 

changes with 95% power with an effective size of 0.25 and α err prob = 0.05, the sample 

size is required to be at least 60. With consideration of a 10-20% dropout rate, it is 

therefore required to recruit 66-72 participants.   

 

 

 
 
 
 

 

 

 

 
 
Figure 4.1  
Power Calculation using G*Power 3, running with F-test measured ANOVA for within/ between 
interaction, 95% power with the effective size of 0.25 and α err prob = 0.05. 
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dietary plan or diary books. 

 

Anthropometry Assessment  

Anthropometry assessment was scheduled during each visit at the Earlwood Medical 

Centre. It took approximately 10 minutes to complete the following measurements: 

• Body weight (kg) using a digital scale (Tanita UM-051);  

• Calculation of the BMI using equation: BMI = body weight (kg)/height (m)2;  

• Due to COVID-19, from 25/03/2020 this session was changed to a self-report 

version, data were remotely obtained via phone calls or virtual tools (i.e., 

facetime, zoom, skype).  

 

Data Collection: Dietary data, Sun Exposure Time and Supplement Pill Count  

Data collection occurred during each visit at the Earlwood Medical Centre. It took 

approximately 20 minutes to conduct the following procedures: 

• Dietary Data: Used a 24-hour food recall and a vitamin D specific Food 

Frequency Questionnaire (FFQ-VDQ) at the baseline to collect information on 

energy, macronutrients (protein, fat and carbohydrate) and the vitamin D intake. 

The FFQ-VDQ was validated to assess the habitual vitamin D intake (198). 

Used the 3-day food diary (two weekdays and one weekend day per week, four 

copies per month) for each monthly follow-up visit. The diet diary could be 

completed through either a paper-based diary or the smartphone application 

‘Easy Diet Diary’. If participants failed to complete the diary, a 24-hour food 

recall and FFQ-VDQ was required to be used to collect the missing information. 

An Accredited Practicing Dietitian (APD) was appointed to design the dietary 

plan for participants and to provide training to study therapists who conducted 
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the nutritional information collection. The nutritional data was later processed 

through the software ‘FOODWORK’ (version 8 & 9) using NUTTAB database.   

• Sun Exposure Time: Sun exposure time was evaluated by the Sun exposure 

questionnaire (adapted from 45 and Up Questionnaire) at the baseline. For 

monthly follow-up visits, the study therapists checked scores from the Sun 

exposure diary (7-day per dairy, four diaries per month) to assess the sun 

exposure status (199). If participants missed recording the information, they 

needed to compensate with extra entries. 

• Supplement Pill Count:  Participants returned the unused tablets and bottles at 

each monthly follow-up visit. Unused tablets were counted and recorded on the 

appropriate Case Report Form (CRF).  

• Due to COVID-19, this session was changed to remote contact via phone calls 

or virtual tools (i.e., facetime, zoom, skype) from 25/03/2020. Study therapists 

contacted participants to collect self-reporting data, and to provide assistance 

via remote contact if required. 

 

Trouble-shooting Session  

The trouble-shooting session occurred during each visit at the Earlwood Medical Centre. 

It took approximately 5 minutes. The participants were asked about any problems 

regarding taking supplements or using the food diaries and phone application. There was 

a brief discussion of reasons for missed doses and simple strategies for enhancing 

adherence, e.g., linking supplements to meals or other daily activities for adherence, 

scheduling an outdoor time, efficiently recording the diet intake through the phone 

application. Due to COVID-19, this session was also changed to remote contact from 

25/03/2020. 
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Adverse event assessment occurred during each visit. There was the possibility that in the 

dietary intervention group, some participants may have reported food intolerance or 

allergy to seafood or dairy products. If so, study therapists would record the incident. An 

Accredited Practising Dietitian (APD) was asked to provide dietary consultation and 

appropriate suggestions to minimise the risks. If the adverse effect continued, participants 

were excluded from the trial and provided with an allergy test and related treatment if 

necessary. Due to COVID-19, this session was changed to remote contact from 

25/03/2020. 

 

Blood Test  

The blood test occurred at baseline, 3rd month and 9th month only at the Earlwood medical 

centre by an accredited pathology collection staff or registered nurses. The blood samples 

were sent to the National Association of Testing Authorities (NATA) accredited 

pathology laboratory to measure serum 25(OH)D and HbA1c. 

 

Adherence Session (During the Trial) 

A series of activities were implemented to accomplish the adherence:   

• Maintaining the participants’ interest in the study through mails and phone 

calls; 

• Sending letters to participants before every monthly follow-up assessment, 

and calling on the previous day to remind the next day assessment;  

• Providing timely assistance if participants had questions about the dietary 

menu or experienced any food intolerance and allergy; 

• Providing participants with information about the current status of the study, 

plans for the next phase, as well as to acknowledge their cooperation; 
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A p-value <0.05 was considered to be statistically significant. All statistical analyses were 

performed using the Statistical Package for Social Science version 23 (SPSS version 9.0.0 

(86), Chicago, IL, USA). Missing values were treated according to the Last Observation 

Carried Forward (LOCF) method and were assessed via sensitivity analysis.  
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compared to its baseline (p=0.0361). In the Supplement group, serum 25(OH)D level at 

9th month showed a statistical increase compared to its baseline (p=0.0319).  

 

 
 
Figure 5.3 Serum 25(OH)D Level in Participants with Interventions of Diet, Sun exposure, Supplement 
and Waitlist at Baseline, 3rd month and 9th month. Data are presented as means ± SEM and analysed by 
two-way mixed ANOVA, * P=0.0068 Diet vs Waitlist group and, p=0.0392 Diet vs Supplement group at 
the same time point.
 

5.4.2 Changes in HbA1c Level  
 
The HbA1c level was decreased in the Diet and Supplement group but was unchanged in 

the Sun exposure group and increased in the Waitlist group (Figure 5.4). Only the Diet 

group at 9th month showed a significant reduction in HbA1c level compared to the 

Waitlist group (p=0.0279).  

 

Within groups, the HbA1c level in the Diet group showed a significant decrease at the 3rd 

month (p=0.0039) and 9th month (p=0.0299) than its baseline. HbA1c in the Supplement 

group at 3rd month also presented a significant decrease (p=0.0332) compared to its 

baseline. No change was found in the Sun exposure group, and the increase of HbA1c 

level in the Waitlist group was not statistically significant. 
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Table 5.4 
Lipids in Groups at Baseline, 3rd month and 9th month  

 Time Diet 
Group (n=15) 

Sun exposure 
Group (n=15) 

Supplement 
Group (n=15) 

Waitlist 
Group (n=15) 

 

Total 
Cholesterol 

Baseline 4.99±0.24 4.96±0.38 5.18±0.25 5.09±0.26 

3rd month 5.08±0.21 4.35±0.30 4.90±0.29 5.32±0.28 

9th month 4.80±0.21 4.46±0.31 4.93±0.23 5.14±0.18 

 

Triglyceride 

Baseline 1.75±0.30 2.20±0.35 1.64±0.19 2.02±0.24 

3rd month 1.41±0.15 1.82±0.19 1.54±0.14 2.21±0.37 

9th month 1.42±0.14 1.78±0.24 1.53±0.14 2.08±0.34 

 

HDL 

Baseline 1.33±0.09 1.27±0.06 1.32±0.11 1.28±0.13 

3rd month 1.33±0.06 1.25±0.07 1.31±0.09 1.17±0.07 

9th month 1.27±0.07 1.27±0.08 1.34±0.11 1.25±0.07 

 

LDL 

Baseline 2.88±0.17 2.86±0.34 3.11±0.22 2.90±0.21 

3rd month 3.04±0.17 2.33±0.26 2.87±0.22 3.17±0.25 

9th month 2.86±0.18 2.49±0.28 2.88±0.16 3.12±0.20 

HDL, High-Density lipoprotein, LDL, Low-Density lipoprotein.  
The results are presented as mean ± SEM. 
 
 

The correlation between lipids, serum 25(OH)D level and HbA1c level are shown in 

Figure 5.7. TC in the Diet group (r=-0.4142, p=0.005) and Waitlist group (r=-0.3087, 

p=0.0391), TG in the Supplement group (r=-0.4721, p=0.001), and LDL in the Diet group 

(r=-0.4492, p=0.002) were significantly correlated with serum 25(OH)D level. TG in the 

Diet group (r=0.3589, p=0.02) and the Waitlist group (r=0.40, p=0.004) were found 

significantly correlated with HbA1c level.   
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Figure 5.8 3D-Scartted Plot of Association between Body Mass Index and the Measures of Serum 
25(OH)D and HbA1c according to Ethnicity. 25(OH)D, 25-hydroxy-Vitamin D; HbA1c, Haemoglobin A1c.  
 

5.7.2 Body Weight  

Only time showed a significant effect on body weight (p=0.009) (Figure 5.9a) and 

bodyweight change percentage (p=0.02) (Figure 5.9b). No significant effect was found 

from the interventions. Bodyweight percentage in the Diet group showed the largest 

reduction compared to other groups with 2.18% at the 3rd month and 2.81% at the 9th 

month, and followed by the Sun exposure group of 1.48% and Supplement group of 1.13% 

at the 9th month. However, the post hoc test failed to show any statistical significance. 

 

 
 
Figure 5.9 The Body Weight (a) and Body Weight Change in Percentage (b) at Baseline, 3rd month and 9th 
month. Data are analysed by two-way mixed ANOVA and presented as mean ± SEM, n=15 in each group.  
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5.7.3 Gender 

5.7.3.1 Serum 25(OH)D Level 

The result suggested no gender difference in serum 25(OH)D level in response to the 

treatment. However, a gender difference was observed in the HbA1c level in the Waitlist 

group (Figure 5.10). Serum 25(OH)D level of males in the Diet group was significantly 

increased at 9th month compared to baseline (p=0.0022) and 3rd month (p=0.0048), and 

was significantly higher than males in the Waitlist group (p=0.0155) and in the 

Supplement group (p=0.0381) (Figure 5.10a). Serum 25(OH)D level of males in the 

Supplement group was increased steadily and at 3rd month (p=0.0414)  at the 9th month 

(P=0.0104) compared to its baseline (Figure 5.10c). In females, 25(OH)D level only in 

Sun exposure group at 9th month showed a significant improvement compared to the 

Waitlist group (p=0.0499) (Figure 5.10b).  

 

a. 

 

b. 
 

 

c.  

 

d.  

 

 
 
 

 

 
Figure 5.10 Serum 25(OH)D level of Male and Female in Diet group (a), Sun exposure group (b), 
Supplement group (c) and Waitlist group (d). Data are analysed by two-way mixed ANOVA and presented 
as mean ± SEM. In (a), a p= 0.0048 for males in Diet group 9th month vs 3rd month and b, p= 0.0022 males 
in the Diet group 9th month vs baseline, * p= 0.0155 males in the Diet group 9th month vs Waitlist and p= 
0.0381 vs Supplement group at the same time point, in (b), # p= 0.0499 females in Sun exposure group 9th 
month vs Waitlist at the same time point, in (c), c p= 0.0414 males in the Supplement group 3rd month vs 
baseline, d p= 0.0104 males in the Supplement group 9th month vs baseline.   
 

5.7.3.2 HbA1c level  

Gender difference in the HbA1c level was only observed in the Waitlist group at 3rd 

month and 9th month (Figure 5.11).  
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In the Diet group (Figure 5.11a), the HbA1c level of females at 3rd month (P=0.0220) 

and 9th month (p=0.0310) was significantly reduced compared to its baseline, no other 

significant changes in females were observed. The level of males in the Diet group at 3rd 

month (p=0.0493) was significantly lower compared to its baseline and the Waitlist 

group (p=0.0135), the level at 9th month was also significantly lower compared to the 

Waitlist group (p=0.0196) (Figure 5.11a). HbA1c level of males in the Sun exposure 

group at the 9th month was reduced significantly compared to the Waitlist group 

(p=0.0292) (Figure 5.11b). In the Supplement group, HbA1c level of males at the 3rd 

month and 9th month was significantly lower compared to the Waitlist group at the same 

time point (p=0.0079 and p=0.0063) (Figure 5.11c). HbA1c level of males in Waistlist 

group at 9th month was increased significantly compared to its baseline (p=0.0432), and 

males at the 3rd month (p=0.0098)  and 9th month (p=0.0252) were observed a 

significant higher HbA1c level compared to females at the same time point (Figure 

5.11d).  

 

a. 

 

b. 
 

 

c.  
 

 

d.  

 

 
 
 

 

 
Figure 5.11 HbA1c level of Male and Female in Diet group (a), Sun exposure group (b), Supplement 
group (c) and Waitlist group (d). Data are analysed by two-way mixed ANOVA and presented as mean ± 
SEM. In (a), a p= 0.0220 for females in Diet group 3rd month vs baseline, b p=0.0310 9th month vs 
baseline, and c p=0.0493 for males in Diet group 3rd month vs baseline. * p=0.0135 males in Diet group 
3rd month vs Waitlist and ** p= 0.0196 9th month vs Waitlist, In (b), † P=0.0292 males in Sun exposure 
group 9th month vs Waitlist, in (c), ^ p=0.0079, males in Sun exposure group 3rd month vs Waitlist, # 
p=0.0063, males in 9th month vs Waitlist, in (d), d p=0.0432 males in Waitlist group 9th month vs 
baseline, α p=0.0098 Waitlist group 3rd month males vs females, and β p=0.0252 9th month males vs 
females.  
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5.7.4 Racial Impact 

5.7.4.1 Serum 25(OH)D Level 

Racial impact on Serum 25(OH)D level was showed in Figure 5.12. The serum 25(OH)D 

level of Chinese in the Diet group was significantly increased after nine-month 

intervention compared to baseline (p=0.0009) and 3rd month (p=0.0029), and is 

significantly higher than Waitlist group at 9th month  (p=0.0367) (Figure 5.12a). Serum 

25(OH)D level of Chinese in Sun exposure group at 9th month was significantly improved 

compared to baseline (p=0.0339), the level at 3rd month is also significantly higher than 

supplement group (Figure 5.12b). Serum 25(OH)D level of the Caucasian group in the 

Diet group at 3rd month also showed a significant improvement compared to the Waitlist 

group (p=0.0467), it was also significantly higher than the Chinese group (p=0.0320) 

(Figure 5.12a). Serum 25(OH)D level of Caucasian in Supplement group increased 

significantly at 9th month compared to its baseline (p=0.0170) (Figure 5.12c). 

 

 
a.

 

b. 
 

 

c.  
 

 

d.  
 

 

 
 
 

 

 
Figure 5.12 Racial impact on Serum25(OH)D Level in Diet group (a), Sun exposure group (b), 
Supplement group (c) and Waitlist group (d). Data are analysed by two-way mixed ANOVA and 
presented as mean ± SEM. In (a), a p= 0.0009 for Chinese in Diet group at 9th month vs baseline, b 
p=0.0029 vs 3rd month, * p=0.0367 for Chinese in Diet group at 9th month vs Waitlist, ** p=0.0476 for 
Caucasian in Diet group at 3rd month compared to Waitlist group at the same time point, α p=0.0320 for 
Chinese vs Caucasian in Diet group at 3rd month. In (b), c P=0.0399 Chinese at 9th month vs baseline, † 
p=0.0386 for Chinese group at 3rd month vs Supplement group, in (c), d p=0.0170 for Caucaian group 9th 
month vs baseline.  
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5.7.4.2 HbA1c Level 

Racial impact on HbA1c level was shown in Figure 5.13. HbA1c level of Caucasians in 

Diet group at 9th month also showed a significant reduction compared to Supplement 

group (p=0.0358) and its baseline (p=0.0169) (Figure 5.13a). HbA1c level of Chinese 

and Caucasians in Diet group at 9th month both showed significant reduction compared 

to the Waitlist (p=0.0417 and p=0.0100) (Figure 5.13a). HbA1c level of Chinese in Diet 

group at 3rd month was reduced significantly compared to its baseline (p=0.0012) and 

Waitlist group at the same time point (p=0.0182) (Figure 5.13a). HbA1c level of 

Chinese in Sun exposure group at 9th month was significantly reduced compared to 

Waitlist group (p=0.0228) (Figure 5.13b). HbA1c level of Chinese group in Supplement 

group at 3rd month and 9th month were significantly reduced compared to Waitlist 

(p=0.0087 and p=0.0027) (Figure 5.13c). HbA1c level of Chinese in Supplement group 

at 9th month was also significantly less than Caucasian group (p=0.0169) (Figure 5.13c), 

no other racial difference was found in other intervention groups.  

 
 
 

a. 

 

b. 

 

c.  

 

d.  

 

 
 
 

 

Figure 5.13 Racial impact on HbA1c Level in Diet group (a), Sun exposure group (b), Supplement group 
(c) and Waitlist group (d). Data are analysed by two-way mixed ANOVA and presented as mean ± SEM. 
In (a), a p= 0.0169 for Caucasians 9th month vs baseline, b p=0.0012 for Chinese 3rd month vs baseline, 
∝ p=0.0182 Chinese 3rd month vs Waitlist group, † p=0.0100 Chinese 9th month vs Waitlist, * p=0.0417 
Caucasians 9th month vs Waitlist andP=0.0358 vs Supplement. In (b), ^ p=0.0228 Chinese 9th month vs 
Waitlist. In (c), # p=0.0087 Chinese 3rd month vs Waitlist, x p=0.0027 Chinese 9th vs Waitlist, α 
p=0.0169 Chinese vs Caucasians at 9th month.  
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than males (204, 205). Studies also suggested that female diabetic patients tend to have 

significantly lower serum vitamin D levels than healthy female patients (206, 207). Like 

these studies, our trial observed a slightly higher prevalence of VDD in females than 

males, but the average serum 25(OH)D level was similar between males and females. 

 

There was no gender difference observed in the response of serum 25(OH)D level,  

Diet and Supplement interventions were significantly improved serum 25(OH)D level in 

males while only the Sun exposure benefited in females’ serum 25(OH)D level compared 

to the Waitlist group. With the interventions and seasonal changes, females’ serum 

25(OH)D level in all treatment groups was increased at the 3rd month continued to 

improve at the 9th month, however apart from Sun exposure no significance between 

interventions and time length was observed. The improvement trend of serum 25(OH)D 

level in women may be due to the sexual difference in the responses to vitamin D 

supplementation (208) and their lower baseline serum vitamin D levels (209) however 

need more future RCTs to clarify the underlying mechanisms. As women are the main 

group who use anti-sunlight protection, prolonged sun exposure from Sun exposure 

intervention in the D4D trial and seasonal changes may suggest this significant benefit in 

females’ serum 25(OH)D levels.  

 

Interventions of Diet, Sun exposure and Supplement were more effective on males’ 

HbA1c levels, especially after the long-term intervention, as males in the Diet, Sun 

exposure and Supplement groups showed a significant decrease in HbA1c at the 9th month 

compared to males in the Waitlist group. This was possibly due to the long lifespan (120 

days) of red blood cells hence HbA1c results is the estimation of patients’ glycaemic 

control over the last 2-3 months (210).  
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6.1.2 Racial Impact 

Chinese and Caucasians are the main two racial groups in the D4D trial. The Chinese 

group in the D4D trial had a higher prevalence of VDD compared to the Caucasian group 

at the baseline and remained higher than Caucasians at the 9th month. Skin pigmentation 

is the major reason for a lower baseline serum vitamin D level in the Asian or Chinese 

group. A study found that skin pigments and covered clothes would make the risky 

population needing a 300-600% longer sunlight exposure time to get the equivalent 

effects compared to the light-skinned individuals (211, 212); hence the Asian or Chinese 

group may generate less serum vitamin D than Caucasians when spending the same time 

of sun exposure.  

 

Other than that, Chinese background participants have the tradition of using clothing 

protection and/or sunscreen to reduce Ultraviolet (UV) exposure, although the purpose is 

for skin beauty rather than skin cancer (213). It was noted that in the D4D trial, over 85% 

of Chinese participants were using protections against sun exposure. Most of the 

participants (77-85%) have chosen a physical sun blocker (i.e. cloth protection) as the 

main method and the sunscreen lotion was not commonly used. It is consistent with a 

study from China that compared to chemical sunblock to other methods, which found that 

more than 90% of Chinese-origin participants emphasised the physical sunblock by using 

the umbrella, hat and long sleeve clothing (214). Therefore, the darker skin colour as well 

as the limited skin exposure (5-7%) may explain the higher VDD prevalence in the 

Chinese group in the current D4D trial.  

 

Caucasians in the Diet group at 3rd month showed a significant higher serum 25(OH)D 

compared to Chinese. Chinese group in the Diet and Sun exposure group after nine-month 



�

� ���

�������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

�����������������������������

�

������ ������ ��� �������� ��� ������ ���� ���������� ���� ����������� ����� ��������������

�����������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

������������ ����� ��������� ������ ������ ��������������� ����� ����� ���������� �� ���������

����������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������

�

� �������������������������������

������������������������������������������������������������������������������������������

������ �������� ��������������� �� ������� ������������� ������� ��� ���������� ���� ����

��������� ���� ���������������� �������������� ��� ����� ������ �������� ��� ��������������

��������������������������������������������������������������������������������������

������ ���� ������� �� ������������ ��������� ��������� ��� ������ ���������� ���� ��������

����������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������

���� ���� ������ ���� �������������� ���������� ��������� ��� ���� ��������� ������ ���� ����

�������������������������������������������������

�



 

 82 

6.2.1 Dietary Vitamin D and Serum 25(OH)D Level 

The Diet group in the D4D trial had presented a significant increment in serum 25(OH)D 

level over nine months compared to the Waitlist and Supplement group, the increment 

was sharper from the 3rd month to the 9th month compared to the baseline to 3rd month 

phase. The Dietary intervention’s effects on serum 25(OH)D may be explained by the 

following factors: 1) Previous underestimation and improved knowledge of the dietary 

vitamin D; 2) The food culture on meat choices; and 3) High bioavailability of vitamin 

D3 and retention of dietary 25(OH)D compared to supplementation.  

 

Improved Understanding of Dietary Vitamin D 

In Australia, very few foods contain a significant amount of vitamin D, and it is believed 

that dietary sources could only provide 5-10% of the vitamin D requirement (215). The 

food sources with the highest content of vitamin D (vitamin D2 and or D3) are fatty fish 

(include salmon, sardine, herring and mackerel), meat, milk, eggs and fortified margarine 

(215). According to the national survey in 1998-1999, fortified margarine is the top 

consumed dietary resource of vitamin D (48%) followed by canned fish (16%) and eggs 

(10%) (216). The 2006 Nutrients Reference Value Report confirmed that very few foods 

contain a significant amount of vitamin D, and that the fortified margarine is still the 

major dietary source (217).  

 

However, we might underestimate the vitamin D content in food by only counting vitamin 

D2 and D3. The research identified a large discrepancy (17 to 91%) between dietary and 

serum vitamin D status and highlighted the possible potency of the metabolite vitamin D 

form, i.e., the 25(OH)D from animal-based food (218). The 25(OH)D from food sources 

previously was not incorporated into the vitamin D amount; however, the current study 



 

 83 

has demonstrated it is about five times more potent than vitamin D3 in the food (91) and 

the inclusion of dietary 25(OH)D could result in a 2-18 times higher dietary vitamin D 

content than traditional thoughts, which may well explain the discrepancy (219).  

 

The United States Department of Agriculture and the Office of Dietary Supplements, 

National Institutes of Health, worked collaboratively to demonstrate that there was an 

underestimation of vitamin D intake in the United States and agreed that the embrace of 

dietary 25(OH)D could increase approximately 1.7-2.9 μg/day (68-116 IU/day) vitamin 

D intake that accounts 15-30% of the Estimated Average Requirement (91). A study 

suggested that if dietary 25(OH)D is included in vitamin D count, simply ingesting 120g 

beef or two eggs could easily deliver 100% of adequate vitamin D needs (220). 

 

It is noted that the dietary vitamin D reference value was not available in the previous 

2006 database: National Food Composition Database - NUTTUB (NUTrient TABles for 

use in Australia, now called The Australian Food Composition Database, AFCD), and the 

survey-specific database AUSNUT (AUStralian Food and NUTrient Database) due to 

limited available information. With the improved understanding as mentioned above and 

accuracy level in vitamin D measurement that improved from 5 µg/100g of vitamin D3 to 

0.03 µg/100g of vitamin D3 and 0.05 µg/100g of 25(OH)D, more foods have been found 

with an accountable level of vitamin D. Based on these changes, the dietary vitamin D in 

the Australian database was updated in 2019 (Australian Food Composition Database – 

Release 1). 

 

The Australian recommendation of vitamin D intake may need to be updated with 

improved knowledge as well. Currently, the National Health and Medical Research 
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Council (NHMRC) (217) have suggested the following Adequate Intake (AI) of Vitamin 

D: 5 μg/day (200 IU/day) for people under 50 years old; 10 μg/day (400 IU/day) for 51-

70 years old and 10-15 μg/day (400-600 IU/day) for those above 70 years. The average 

intake of vitamin D from food is 2.6-3.0 µg/day (104-120 IU/day) for men and 2.0-2.2 

µg/day (80-88 IU/day) for women (215). However, studies suggested that these levels are 

outdated and need to be revised (87). The most recent Recommended Daily Allowances 

(RDAs) of vitamin D is from the United States which is 15 μg/day (600 IU/day ) for 

people aged between 1-70 years and 20 μg/day (800 IU/day) for those aged older than 70 

years, with the upper limit 2,000 IU/day (50 μg/day) for children and 4,000 IU/day (100 

μg/day) for adults (221).  

 

Food Culture on Meat Choices  

The Asian group has commonly been reported as having a high prevalence of VDD. This 

study did observe the higher prevalence of VDD in the Asian group compared to the 

Caucasian group in the D4D trial; however interestingly, the Asian group had presented 

as having an average sufficient serum 25(OH)D level before and after the interventions. 

In the D4D trial, the Chinese group reported a baseline serum 25(OH)D level of 

55.91±14.22 nmol/L and was later improved to 61.63±15.48 nmol/L. Although the 

limited skin exposure in the Chinese group increases VDD risk; culture impacts on the 

food and meat choice, particularly poultry, pork and fish intake, may benefit the vitamin 

D status and this may be shown from the baseline adequate vitamin D status.  

 

A higher concentration of cholecalciferol (vitamin D3) and its metabolite 25(OH)D3 was 

found in poultry (mainly chicken) and pork compared to beef and lamb (222). Such 

differences may be explained by the livestock cultivation pattern in Australia that, as 
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poultry and pigs are fed mostly by fortified feeds while beef and lamb are mainly free-

ranging and feed predominantly on grass (223).  

 

In the vitamin D dietary plan that was offered to the Diet group, chicken and pork were 

the main protein sources and accounted for approximately 60-65% of total protein intake 

(excluding dairy). Chicken and pork (with fat) are also the most common meats cooked 

in traditional Chinese cuisine (224). Besides, approximately 60% of Chinese participants 

were originally from China Southern areas (FuJian and GuangDong Province), where 

mussels and salmon are the other two common protein sources frequently consumed as 

two to four times per week. Studies from Japan confirmed that frequent fish intake could 

benefit serum 25(OH)D status especially in winter (225), and that the elderly group who 

consumed fish four days per week during winter could have a 10 nmol/L increment in 

serum 25(OH)D level (226). Therefore, food choices of poultry, pork and seafood may 

largely assisted the Chinese-origin group maintain and improve their serum 25(OH)D 

level adequately during the trial.  

 

The Caucasian group obtained dietary vitamin D mainly from beef and fortified 

margarine (fortification with a minimum of 220 IU/100g under law). Around 85% of the 

Caucasian participants consumed margarine daily, and their frequency in beef intake (i.e., 

3-4 times/week) is about two times higher than observed for the Asian group. However, 

the consumption of fish is comparably lower with only 0-1 serve/week. Therefore, 

although the dietary vitamin D sources for Caucasians are different from the Chinese 

group, a frequent intake of fortified margarine and beef may also help Caucasians 

maintain an adequate vitamin D level even with a lower intake of fish.  

 



 

 86 

Bioavailability of Dietary Vitamin D  

Differences in bioavailability and potency from various forms of vitamin D have been 

previously documented. Firstly, a systematic review suggested a superior effect of 

vitamin D3 in raising serum 25(OH)D level compared to vitamin D2 (227). The high 

potency of D3 compared to D2 could result from a higher metabolism and clearance of 

vitamin D2 in the liver and kidney (228). Secondly, foods in different countries may have 

richer different vitamin D forms and hence cause a difference in serum 25(OH)D. Dietary 

sources of vitamin D2 were found more commonly in US food, including the UV radiated 

mushrooms and poultry fed with vitamin D2 fortified feed, but is not usually seen in 

Australia (222). Australian food is high in vitamin D3 and may be more effective in raising 

serum 25(OH)D levels than foods in other countries. These also suggest that studies from 

different countries may need to be interpreted differently and carefully. Thirdly, as 

mentioned above, dietary 25(OH)D has been reported with 3-7 times higher 

bioavailability than vitamin D3 (229, 230), which could result from 25(OH)D’s polarity 

and greater retention than its non-hydroxylated parental vitamin D3 (231, 232). Therefore 

counting 25(OH)D as part of the vitamin D intake could help to understand the 

discrepancy of dietary intake vitamin D and serum 25(OH)D level and suggest 25(OH)D 

could be more effective than vitamin D3 and D2 in improving serum 25(OH)D level. 

 

However, many other dietary characteristics could affect vitamin D’s bioavailability, 

including food matrix, food amount, type and amount of dietary lipids, dietary fibre and 

cooking method. Such factors will affect vitamin D absorption from food and 

supplementation (232). The impact of the cooking method seems minimal. In general, the 

retention of vitamin D after cooking can range from 35% to 175% and averagely around 

80-90% (222). Hence considering all the influencing factors, the study concluded that the 



 

 87 

25(OH)D enriched or fortified food sources could be more efficient in raising serum 

25(OH)D level (229).  

 

6.2.2 Sunlight Exposure and Serum 25(OH)D Level 

The participants in the Sun exposure group of the D4D trial reported an average sun 

exposure time of 10-15 minutes/day with 8-10% skin exposure at the baseline (June 2019), 

and had a just-sufficient serum 25(OH)D level (51.20±23.18 nmol/L). With maintained 

or increased sun exposure time, we observed a consistent increment in serum 25(OH)D 

level in the Sun exposure group over nine months, and it was statistically higher at 3rd 

month compared to baseline. In the D4D trial, sun exposure worked effectively on serum 

25(OH)D, but the participants faced many challenges of obtaining enough UVB due to: 

1) Reduced Sun Exposure Time; 2) Seasonal and Geographic factor; and 3) Sun Blockers 

such as modern lifestyle, skin pigmentation, cloth coverage, and sunscreen usage. 

 

Reduced Sun Exposure Time 

Other than the dietary intake mentioned above, it was previously believed that cutaneous 

synthesis from sun exposure is the main source of vitamin D for people living in Australia 

and New Zealand (87). Adequate time under sunlight (UVB 290-320 nanometre) with 15% 

of skin exposure can provide 80-100% of vitamin D needs (233, 234).  

 

To be more specific, in Australia, exposure of about 15% of body surface (hands, face 

and arms) under the sun anytime from 10 am to 4 pm for 3-4 minutes per day from 

December to January (summer), or 5-6 minutes per day from February to June (autumn) 

and September to November (spring) or 8 minutes per day from July to August (winter), 

can provide approximately 500 IU/day (12.5 µg/day) of vitamin D, and this amount is 
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equivalent to 1-2.5 times of Adequate Intake (AI) of vitamin D for all Australians (87). 

Research showed that 1 Minimal Erythemal Dose (MED), or the amount of sunshine that 

just enough produces a faint redness of the skin, equals the effect by taking 375 μg 

(15,000 IU) vitamin D orally (235). 

 

However, many factors can affect the UV radiation exposure and the cutaneous synthesis 

of vitamin D, including geographical position (202), season and weather, time of the day, 

air pollution, ageing (236), skin pigmentation, clothing coverage, sunscreen and 

protection usage and modern lifestyle with longer indoor time. Meanwhile, the study also 

pointed out that the sunlight between 10 am to 2 pm in summer (11 am to 3 pm daylight 

saving time) should be avoided when considering the skin cancer risk (237).  

 

Season and Geography  

Geographically, south-eastern Australia, especially New South Wales (NSW) in summer 

reported the highest VDD prevalence (19%) than the other states (5). The current trial 

was conducted in Sydney, Australia at latitude 33.8688° S, 151.2093° E, from June 2019 

to September 2020. The geographic and seasonal factors at the trial location are in 

accordance with the borderline serum vitamin D level among our participants at the 

baseline. 

 

Sun Blockers: Modern lifestyles,  Skin pigmentation, Cloth cover and Sunscreen 

It is understood that the modern lifestyle brings a high pace of living and limited sun 

exposure for most Australians. People work indoors; driving instead of walking or cycling, 

and hence spend less time outdoors under sunshine.  
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Skin pigmentation and clothing coverage can affect cutaneous synthesis under the 

sunlight.  Jordanian researchers reported that women wearing the hijab tend to have a 

lower vitamin D concentration and the exposure of only hand and face is insufficient for 

vitamin D synthesis (238). Over-used  of sunscreen will also inhibit vitamin D synthesis 

in the skin especially in dark-skinned and/or veiled people who already have a VDD risk 

(239). However, a study reported that normal usage of sunscreen would not cause VDD 

and should be encouraged when considering skin cancer risks (234).  

 

Approximately 78.3% of participants in the D4D trial were Chinese, African and Indian. 

Chinese-background participants have the tradition of using clothing protection and/or 

sunscreen to reduce the UV radiation (213) for skin beauty purposes; therefore we have 

observed a less optimum and only borderline serum 25(OH)D level at the baseline 

measurement time. Due to skin pigmentation and possible clothing coverage, their serum 

25(OH)D levels were not significantly increased at 9th month period compared to baseline 

and the other groups.   

 

Basal Serum 25(OH)D Level and Sensitivity 

In addition to the improved sun exposure time in summer weather, the lower basal serum 

25(OH)D level in the Sun exposure group may also contribute to its significant increase 

observed at the 3rd month. A study found that participants with a lower baseline serum 

25(OH)D level usually had a larger increase after interventions, and the lower basal serum 

25(OH)D level may be more important than lighter skin pigmentation in obtaining 

vitamin D following ultraviolet light exposure (240).  
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6.2.3 Vitamin D Supplementation and Serum 25(OH)D Level 

Vitamin D supplementation seems to work consistently in the current D4D trial as it was 

observed a continuous increment in serum 25(OH)D level over the nine-month trial 

period. The vitamin D supplement significantly increased the serum 25(OH)D level at the 

9th month and showed a significantly smaller effect than the Diet group. Characteristics 

of both supplements themselves and supplement receivers can affect the improvement of 

serum 25(OH)D level. These characteristics include the following: 1) Supplementation 

Type and Carrier Vehicle; 2) Supplement Absorption and Interaction with Food; and 3) 

Supplement Dosage and Intervention Time.  

 

Supplementation Type and Carrier Vehicle 

Vitamin D supplements in Australia mainly use cholecalciferol (vitamin D3) as the major 

source while manufacturers in the US tend to use ergocalciferol (vitamin D2) because 

vitamin D2 at 50,000 IU was the only prescribed vitamin D treatment for rickets since 

1941 (241). The chemical difference between vitamin D3 and D2 is only in the side-chain 

structures; however, supplements using vitamin D3 as a major ingredient are more 

effective than vitamin D2 in raising serum 25(OH)D level (242). This may relate to the 

differences in hydroxylation in the liver and kidney and the binding efficacy to Vitamin 

D Receptor (VDR) (243).  

 

Cholecalciferol (vitamin D3) in the oil vehicle was the supplement form used in the 

current D4D trial. The research found that the oil-based microencapsulated form of 

vitamin D was the most bioavailable vehicle compared to powder and ethanol-based 

forms (244). Therefore, the vitamin D supplement in the D4D trial should present a high 

bioavailability in improving serum 25(OH)D level, but the absorption can be influenced 



 

 91 

by the receivers’ absorption status and interaction with foods.  

 

Supplementation Absorption and Interaction with Food 

Vitamin D supplementations are well absorbed in the small intestine through passive 

diffusion. Vitamin D absorption involves emulsification, dissolution in micelles, 

diffusion through the stagnant water layer and penetration across enterocytes membranes 

(245). Before vitamin D reaches the small intestine, the acidic gastric juice may affect the 

bioavailability of vitamin D; however, no evidence is available to confirm this. Later, the 

chylomicron and vitamin D Binding Protein (DBP) help transfer vitamin D to the liver 

for hydroxylation. The absorption efficacy of vitamin D via the above oral-gut route is 

about 50%, whereas the 25(OH)D generated in the liver, the chylomicron and DBP will 

account for 40% and 60%, respectively (246).   

 

Vitamin D absorption is associated with lipids and assisted by the bile salts. Normal 

dietary fat intake (30% of total calories) in the gut can enhance vitamin D3 absorption by 

32% compared to a fat-free diet (247). Biliary salts are also important for vitamin D2 and 

D3 absorption (248); however, a study on rats reported that the absorption of polar vitamin 

D metabolites (i.e. 1,25(OH)D and 25(OH)D) might not involve bile salts and micelle 

formation (249) hence have a higher bioavailability. Other than that, food amount (250), 

food matrix (232), lipid type and amount (251), dietary fibre (252) may also affect the 

bioavailability of vitamin D.  

 

Baseline serum 25(OH)D level could be another important factor regulating the 

supplement vitamin D absorption and presentation (209). A study reported that the 

baseline vitamin D level was inversely correlated with serum 25(OH)D level increases 
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after the intervention (253) and this might be because the nature of hepatic hydrolyzation 

of vitamin D is a saturated process (254). In the current D4D trial, the Asian group with 

a lower baseline vitamin D presented a larger improvement in serum 25(OH)D level than 

the Caucasian group, apart from the saturation processed mentioned above, a study 

suggested that Asians may convert vitamin D3 into 25(OH)D more rapidly than 

Caucasians because of the genotype differences and DBP affinity (255, 256). 

 

Dosage and Intervention Time 

Serum 25(OH)D level in the Supplement group were significantly increased compared to 

its baseline; however, the serum 25(OH)D level in the Supplement group did not present 

a significant difference compared to the Waitlist group but was significantly lower than 

the Diet group at the 9th month period. As mentioned before, dietary vitamin D presented 

a superior effect on serum 25(OH)D level that may result from improved knowledge and 

its higher bioavailability; the insignificance of supplementation may result from the small 

dosage (500 IU/day), supplement frequency and intervention duration in the D4D trial.  

 

Although a study reported 500 IU/day vitamin D supplementation could significantly 

increase the serum 25(OH)D level among healthy people in eight weeks (257), this level 

may not be sensitive enough for the T2DM risk group. Research showed that to boost 

97.5% of serum 25(OH)D level to more than 50 nmol/L in African Americans, a dosage 

of 800 IU/day (20 μg/day) vitamin D was required (258). Hence the RACGP currently 

recommended that: for groups who cannot access enough sun exposure, or with moderate 

or severe VDD, it is best to use supplements at 3,000-5,000 IU/day (70-125 μg/day) for 

6-12 weeks. A recheck is recommended after twelve weeks, and most people will need 

an ongoing maintenance dose of 1,000-2,000 IU/day (25-50 μg/day) (259).  
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Apart from supplement dosage, supplement frequency and intervention duration can 

influence serum 25(OH)D level as well. A previous study suggested a 2000 IU dosage 

with at least three days per week frequency over a five-month intervention would generate 

a better result (260). Hence despite the moderate dosage we used in the current study, the 

frequency and duration of the supplementation in the D4D trial were efficient in 

increasing serum 25(OH)D, which lead to a significant increase in 9th month compared 

to the baseline.  

 

Over Usage of Supplements and Unnecessary Testing 

The vitamin D supplement has been recommended as the safest and most effective way 

of boosting the serum 25(OH)D level, especially for groups with VDD risks (87). 

However, the over-use of supplements and unnecessary testing have raised justifiable 

concerns, not only in Australia but worldwide (261).  

 

 In Australia, the current AI of vitamin D is 500 IU/d (12.5 μg/day) for the general 

population with Upper Level (UL) at 3,200 IU/day (80 μg/day), while for infants the value 

goes down to 1,000 IU/day (25 μg/day) (217).  Vitamin D supplementation might be 

easily overused compared to the above levels, and the specific AI and UL levels for risk 

groups such as dark-skinned or/and veiled population might need a re-examination, as the 

supplements’ dosage needs to be balanced with the actual sun exposure time, risk of 

hypocalcaemia and related risk of kidney stone from over intake (Favus & Coe 1997).  

 

With a more comprehensive understanding and increased public interest in vitamin D’s 

health benefits, more people are taking vitamin D supplements, and the sales of vitamin 

D supplements have almost tripled from A$34.1 million in 2000 to A$94.0 in 2010 with 
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between dietary vitamin D and T2DM is controversial in the literature, and should be 

interpreted carefully and comprehensively with confounding factors and study limitations. 

Vitamin D can directly affect β‐cell function, insulin secretion and sensitivity, and is 

related to inflammation. The mechanisms have been reviewed in Section 2.1.3 Possible 

Mechanism. Apart from the direct effect of dietary vitamin D on HbA1c, other superior 

effects from dietary intervention, including increased protein intake and low Glycaemic 

Index food choices, may also benefit the HbA1c level.  

 

Dietary Vitamin D 

The dietary intervention in the D4D trial provided a higher level of dietary vitamin D 

compared to other studies. The Diet group in the trial was required to consume 0.7-1 egg 

and two serves of meat or fish per day to achieve 500 IU/day (12.5 µg/day) of vitamin D, 

matching with the vitamin D intake obtained from the sun exposure and supplementation 

interventions.  

 

Lower intake of dietary vitamin D often failed to observe the association of vitamin D 

and HbA1c level. A large EU prospective cohort study found that the dietary vitamin D 

intake was not significantly associated with T2DM risks; however, the dietary vitamin D 

intake in the study was low for both men (144 IU/day or 3.6 μg/day) and women (96 

IU/day or 2.4 μg/day) (267). The nation of Sweden in this study, among all EU countries, 

reported the highest dietary vitamin D intake (284 IU/day or 7.1 μg/day in men and 188 

IU/day or 4.7 μg/day in women); however, this level is still less than the amount that was 

used in the current D4D trial (500 IU/day).  

 

Another large-scale Nurse’ Health Study suggested that oral vitamin D intake could 
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reduce T2DM risks (268), and the average intake of total vitamin D (both dietary and 

supplementary) in their long-term follow-up cohort study was about 309 IU/day (7.7 

µg/day).  To be more specific, women with a large dosage of total vitamin D intake (>800 

IU/day or >20 µg/day) had a lower risk for T2DM incidence compared to women with a 

small total vitamin D intake (<200 IU/day or <5 µg/day). However, no association was 

observed in this study between a pure dietary vitamin D intake and T2DM, and it is 

worthy to note that dietary vitamin D intake in this study ranges from 0-10 µg/day (0-400 

IU/day), with only 5% of the subjects having an intake over 5 µg/day (200 IU/day).  

 

Protein Intake 

The increased and adequate protein intake following the vitamin D enriched dietary plan 

in the D4D trial may help to reduce the HbA1c level. In the D4D trial, the Diet group was 

required to consume a total of two serves of fatty fish, two serves of red meat, four to five 

serves of chicken, four to five serves of pork plus five eggs in a week, to reach a total 

56.5-60 g/day of protein. This amount has not yet reached the level of a high protein diet 

in that protein accounts for more than 20% of total calories, but certainly improved the 

general protein intake and balanced the protein food choices. 

 

Many studies reported that a minor increase in protein intake would benefit the HbA1c 

level. For example, the Palaeolithic diet (Old Stone Age Diet) that is high in fruit, 

vegetable, fish, meat and eggs, but low in grains and dairy products, can benefit glycaemic 

control (269). The large European Prospective Investigation of Cancer (EPIC)-Norfolk 

cohort study also suggested that an increased protein intake particularly from fish, could 

decrease the T2DM risks; except the shellfish which may be linked with increased T2DM 

risks (270). 
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Nevertheless, it should be noted that current evidence suggests that too much red meat 

intake may increase T2DM risks (271). A systematic review of twelve cohort studies 

summarised that consuming red meat and processed meat more than three times a week 

may significantly increase the T2DM risks (272). Apart from red meat, other protein types 

such as soy and dairy showed protective effects on T2DM, while egg and fish are 

inconclusive (273). Current dietary guidelines (217) recommend that T2DM patients 

should consume 0.8-1g protein per body weight (kg) per day. Considering the above 

recommendations, the iron requirement, the potential harms and the cardiovascular risks 

from over-intake of red meat (274), we chose to use the dietary plan with a maximum  of 

two serves/week red meat plus other balanced protein choices from poultry, pork and fish 

to reach the total protein amount of 56.5-60 g/day.  

 

Glycaemic Index and Glycaemic Load 

We observed a reduction of high Glycaemic Index (GI) carbohydrate intake in the Dietary 

group after introducing the vitamin D rich food meal plan. This change may affect the 

HbA1c level in these participants. The average intake of the carbohydrate in the Diet 

group at baseline is approximately 6-7 serves/day and mainly were the high GI options 

such as white bread, jasmine or Thai rice and white flour-based food including noodles 

and buns. With the increases in vitamin D rich food that is mainly protein sources, the 

Diet group had reduced high GI carbohydrate food by 15-20% at the 3rd month and 20-

30% at the 9th month. Apart from reducing the high GI food to 3-4 serves/day from the 

initial 6-7 serves/day, we also observed a reduction in fruit from 2-3 servers/day at the 

baseline down to 1-2 serves/day at the 9th month.  
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High GI and GL foods are significantly associated with increased serum HbA1c level and 

T2DM risks (275, 276). A meta-analysis showed that participants who consumed a diet 

high in GI and GL and low in fibre could have 50% higher risk of T2DM (276) and in 

particular, white rice intake was associated with a 17% increased risk of T2DM (38). 

Hence the reduction of high GI food intake may benefit glycaemic control to some extent. 

Furthermore, the Diet group showed a quick decrease in serum HbA1c level during the 

first three months but a slower reduction from the 3rd month to the 9th month, which may 

be affected by the holiday eating pattern and suggest a threshold of HbA1c change (277).  

 

6.3.2 Sunlight Exposure and HbA1c Level 

The HbA1c level presents with seasonal variation (278) in accordance with the T2DM 

incidence (279); hence there is a hypothesis that sunlight exposure may play an important 

role in glycaemic control and T2DM development, and is possible through vitamin D 

production. Indeed, many studies suggest that sun exposure may benefit T2DM; however, 

the overall evidence is not strong.  

 

There are significant gaps in the correlation between sun exposure and T2DM risks due 

to the limited evidence on this topic (195). A large prospective cohort study from Sweden 

reported that women with active sun exposure had a reduced risk of T2DM (196). 

Intervention studies of UVB light on humans are limited and inconsistent. One study 

reported that UVB light exposure had a positive effect on insulin secretions (280); while 

another study failed to show the association between UVB light exposure and its 

regulation of blood glucose and insulin levels (281).  

 

The pathway through which sunlight exposure may benefit HbA1c levels and glucose 
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control is also unclear. A review (195) suggested that sun exposure is likely to benefit 

physiological processes such as melatonin secretion (282), circadian rhythm (283), and 

inflammatory response (284, 285) that indirectly prevent the T2DM development, and 

may not be relevant to the current hypothesis of cutaneous vitamin D. It is also worth 

noting that long-term sun exposure may be harmful to T2DM patients. For example, a 

national-wide cross-sectional study in Korea found that sunlight exposure  ≥5 hours/day 

is significantly associated with an increased risk of diabetic retinopathy among T2DM 

patients (286). 

 

The current D4D trial found that the Sun exposure group had no significant change in 

HbA1c level, while the HbA1c levels in the Diet and Supplements groups were both 

reduced. Therefore, our study suggests that sun exposure may have a limited or nil effect 

on HbA1c levels in T2DM patients, albeit a significant increase in serum vitamin D level. 

Higher doses of sun exposure at a safe level should be trialled in future studies. 

 

6.3.3 Vitamin D Supplements and HbA1c Level 

Several studies have reported an inverse association between vitamin D supplementation 

and the serum HbA1c level. A study from Saudi Arabic observed a decreased HbA1c 

level among diabetes patients after taking vitamin D supplementation (287). A three-year 

study conducted in the African American population reported a significant reduction in 

serum HbA1c level after taking vitamin D supplementation and suggested the importance 

of using a high dosage vitamin D supplementation for T2DM control among the obese 

and overweight group (288). This finding was echoed by the nurse’s health study 

mentioned earlier (268). Similarly, our study observed that the serum HbA1c level in the 

Supplement group was significantly decreased at the 3rd month; however, it was not 
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significant at the 9th month.  

 

The smaller and insignificant decline in serum HbA1c level at the 9th month in 

Supplement Group may be due to the improved serum 25(OH)D level hence the 

insensitivity to the vitamin D supplementation, it also could due to the small supplement 

dosage (500 IU/day) that was used in the D4D trial.  

 

The supplement dose of 500 IU/day may not be large enough to raise serum 25(OH)D 

level, therefore failing to improve glycaemic control in this group at the 9th month. A 

systematic review on prospective RCTs concluded that vitamin D supplement intake at 

4,000 IU/day (100 µg/day) among T2DM patients increased serum 25(OH)D levels and 

significantly reduced HbA1c level, FPG, and HOMA-IR index (289). To be more specific, 

vitamin D supplementation at a higher daily dosage of 4,200 IU/day (105 µg/day) for a 

minimum of seven months can help T2DM patients achieve the optimum serum 25(OH)D 

level of 100-130 nmol/L and benefit glucose control and insulin resistance. Therefore, 

the low dosage of vitamin D supplements used in the current D4D trial is considered safe 

but may be too low to improve glycaemic control.  

 

It needs to be noted that serum HbA1c levels in the control group were increased over the 

9-month trial period, although not statistically significant. This deterioration is commonly 

observed in patients with T2DM, albeit aggressive medications, which was presented in 

the Supplement group. This suggests that the dose of vitamin D supplement in this study 

is still effective in reducing the risk of deterioration in patients with T2DM.  Higher doses 

should be trialled in future studies for the potential therapeutic effects against T2DM. 
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Receptor (VDR) and Insulin-induced gene-2 (Insig-2) (181, 293). VDR and Insig-2 

inhibit Sterol Regulatory Binding Protein-2 (SREBP-2) activation and 3-Hydroxy-3-

Methyl Glutaryl-coenzyme A reductase (HMG-CoA) expression, as SREBP-2 is an 

important transcription factor regulating the cholesterol synthesis and HMG-CoA is a 

critical enzyme for cholesterol synthesis, hence reducing the cholesterol synthesis (293).   

 

Furthermore, changes in food choices may affect the lipid profile to some extent. Foods 

rich in vitamin D such as fatty fish, egg, poultry, and pork were recommended to the Diet 

group to reach 2-3 serves of protein hence 500 IU/day (12.5µg/day) vitamin D per day. 

Increased intake of animal sources without fat trimming could increase the intake of 

Saturated Fatty Acids (SFAs), and it is well established that SFAs can increase LDL and 

TC and hence is a strong risk factor of CVD (294). Salmon is a rich source of Unsaturated 

Fatty Acids (USFAs) including long-chain n-3 polyunsaturated fatty acids, 

eicosapentaenoic acid, and docosahexaenoic acid (295) that are beneficial to the CVDs; 

hence salmon,  both cooked and uncooked, can lower the TC, TG, and LDL cholesterol 

levels (296). Besides, fish protein was proven to benefit lipid metabolism and reduce 

CVD risks (297). Therefore, increased intake of salmon and n-3 USFAs in the D4D trial 

may benefit the reduction in TC and LDL in the Diet group at 9th months.  

 

Bodyweight reduction can also benefit the lipid profile. A study reported that weight loss, 

especially in the obese group achieved either through diet or exercise, can improve the 

HDL cholesterol level and reduce the TG level (298). Patients who lost more than 5% 

weight experienced a significant reduction in TC, TG and LDL cholesterol levels (299). 

In the current D4D trial, participants in the Diet group lost 2.81% of the initial body 

weight, which is the largest weight reduction compared to the other groups. Although this 
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reduction did not reach the 5% level, we still observed a reduction in TC and LDL 

cholesterol in the Diet group, although it was not statistically significant; this may still 

suggest that weight loss plays an important role in reducing TC and LDL.  

 

The current evidence of the relationship between vitamin D supplementation and TG is 

weak. A cell study showed that vitamin D metabolites can upregulate lipoprotein lipase 

(300) and may benefit insulin resistance through its anti-inflammatory effects on lowering 

the insulin resistance marker - TG, especially in the diabetic group (301). However, a 

review of 41 RCTs on lipid profile (302) suggested that vitamin D supplements may not 

benefit TG level, but the conclusion could be over-augmented due to lack of publication 

bias in certain included trials. Similarly, the current study failed to observe a significant 

change in TG in the Supplement group. However, the correlation between serum 

25(OH)D level and TG was significant in the Supplement group, suggesting serum 

25(OH)D level may need to be increased to a threshold to achieve the statistical 

significance in TG reduction.  

 

Besides, TG level was shown correlated with serum HbA1c level in patients with T2DM 

(303). A significant correlation between TG and HbA1c in the Diet and Waitlist groups 

suggested a strong link between TG and HbA1c level.  However, a prospective study 

reported that the correlation between TG and HbA1c was not clinically significant; hence 

hypertriglyceridemia may not be an important factor when interpreting HbA1c results 

(304) but is still useful to determine CVD risks. 
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Although supplementation could benefit serum 25(OH)D levels in risk groups, it usually 

requires a large dosage for a medium to long intervention time to show the effects on 

T2DM biomarkers. Considering the feasibility, potential hazard and affordability of 

vitamin D supplementation in some regions, future studies are encouraged to assess 

vitamin D’s effects from natural resources for both risk groups and the general population. 

 

To conclude, the D4D trial results suggested that diet is the most effective way to increase 

serum 25(OH)D level and improve glycaemic control in patients with T2DM. For future 

studies assessing the association of vitamin D and glycaemic control, a full picture of 

adjustment and balance from diet, sun, and supplementation with feasible and patient-

oriented suggestions are recommended. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 108 

References 
1. American Diabetes Association. Diagnosis and classification of diabetes 
mellitus. Diabetes care. 2014;37 Suppl 1:S81-90. 
2. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes 
mellitus and its complications. Nature reviews Endocrinology. 2018;14(2):88-98. 
3. Emerging Risk Factors C, Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, et 
al. Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease: 
a collaborative meta-analysis of 102 prospective studies. Lancet. 2010;375(9733):2215-
22. 
4. American Diabetes Association. Diagnosis and classification of diabetes 
mellitus. Diabetes care. 2004;27 Suppl 1:S5-S10. 
5. Australian Bureau of Statistics. Australian Health Survey 2011–12 Canberra2013 
[Available from: http://www.abs.gov.au/australianhealthsurvey. 
6. International Diabetes Federation. iDF Diabetes Atlas Ninth Edition 2019 2019 
[9th:[Available from: https://www.diabetesatlas.org/en/resources/. 
7. World Health Organization. Report of a World Health Organization 
consultation: use of glycated haemoglobin (HbA1c) in the diagnosis of diabetes 
mellitus. Diabetes research and clinical practice. 2011;93:299-309. 
8. International Diabetes Federation. IDF Diabetes Atlas 7th Edition 2005 
[Available from: https://www.idf.org/our-activities/advocacy-awareness/resources-
and-tools/13-diabetes-atlas-seventh-edition.html. 
9. Royal Australian College of General Practitioners. Guidelines for preventive 
activities in general practice 2016 [Available from: https://www.racgp.org.au/clinical-
resources/clinical-guidelines/key-racgp-guidelines/view-all-racgp-guidelines/red-
book/prevention-of-vascular-and-metabolic-disease/type-2-diabetes. 
10. Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of 
pathogenesis and therapy. Lancet. 2005;365(9467):1333-46. 
11. Moller DE, Flier JS. Insulin resistance--mechanisms, syndromes, and 
implications. The New England journal of medicine. 1991;325(13):938-48. 
12. Kalin MF, Goncalves M, John-Kalarickal J, Fonseca V. Pathogenesis of Type 2 
Diabetes Mellitus. In: Poretsky L, editor. Principles of Diabetes Mellitus. Cham: 
Springer International Publishing; 2017. p. 1-11. 
13. Ferrannini E, Gastaldelli A, Miyazaki Y, Matsuda M, Mari A, DeFronzo RA. beta-
Cell function in subjects spanning the range from normal glucose tolerance to overt 
diabetes: a new analysis. The Journal of clinical endocrinology and metabolism. 
2005;90(1):493-500. 
14. Ježek P, Jabůrek M, Holendová B, Plecitá-Hlavatá L. Fatty acid-stimulated 
insulin secretion vs. lipotoxicity. Molecules. 2018;23(6):1483. 
15. Lorenzo A, Razzaboni B, Weir GC, Yankner BA. Pancreatic islet cell toxicity of 
amylin associated with type-2 diabetes mellitus. Nature. 1994;368(6473):756-60. 
16. Johnson KH, O'Brien TD, Betsholtz C, Westermark P. Islet amyloid, islet-amyloid 
polypeptide, and diabetes mellitus. The New England journal of medicine. 
1989;321(8):513-8. 
17. Cinti F, Bouchi R, Kim-Muller JY, Ohmura Y, Sandoval PR, Masini M, et al. 
Evidence of beta-Cell Dedifferentiation in Human Type 2 Diabetes. The Journal of 
clinical endocrinology and metabolism. 2016;101(3):1044-54. 



 

 109 

18. Sivitz WI. Lipotoxicity and glucotoxicity in type 2 diabetes. Effects on 
development and progression. Postgrad Med. 2001;109(4):55-9, 63-4. 
19. Steven S, Hollingsworth KG, Small PK, Woodcock SA, Pucci A, Aribisala B, et al. 
Weight Loss Decreases Excess Pancreatic Triacylglycerol Specifically in Type 2 Diabetes. 
Diabetes care. 2016;39(1):158-65. 
20. Meier JJ, Nauck MA. Is the diminished incretin effect in type 2 diabetes just an 
epi-phenomenon of impaired beta-cell function? Diabetes. 2010;59(5):1117-25. 
21. Drucker DJ. Enhancing incretin action for the treatment of type 2 diabetes. 
Diabetes care. 2003;26(10):2929-40. 
22. Meier JJ, Nauck MA. Is secretion of glucagon-like peptide-1 reduced in type 2 
diabetes mellitus? Nature clinical practice Endocrinology & metabolism. 
2008;4(11):606-7. 
23. Edgerton DS, Kraft G, Smith M, Farmer B, Williams PE, Coate KC, et al. Insulin's 
direct hepatic effect explains the inhibition of glucose production caused by insulin 
secretion. JCI Insight. 2017;2(6):e91863. 
24. International Diabetes Federation. IDF Diabetes Atlas 1st Edition (2000) 2000 
[Available from: https://www.idf.org/e-library/epidemiology-research/diabetes-
atlas/24-atlas-1st-edition.html. 
25. Australian Bureau of Statistics. National Health Survey: First Results, 2017-18  
2019 [Available from: https://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001. 
26. Australian Institute of Health and Welfare. Diabetes 2020 [Available from: 
https://www.aihw.gov.au/reports/diabetes/diabetes-snapshot/contents/how-many-
australians-have-diabetes. 
27. Huo X, Gao L, Guo L, Xu W, Wang W, Zhi X, et al. Risk of non-fatal 
cardiovascular diseases in early-onset versus late-onset type 2 diabetes in China: a 
cross-sectional study. The lancet Diabetes & endocrinology. 2016;4(2):115-24. 
28. Institute for Health Metrics and Evaluation. Findings from the Global Burden of 
Disease Study 2017 2018 [Available from: 
http://www.healthdata.org/sites/default/files/files/policy_report/2019/GBD_2017_Bo
oklet.pdf. 
29. Australian Bureau of Statistics. Understanding diabetes mortality in Australia 
2017 [Available from: 
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/3303.0~2016~Mai
n%20Features~Understanding%20diabetes%20mortality%20in%20Australia~5. 
30. Tillil H, Kobberling J. Age-corrected empirical genetic risk estimates for first-
degree relatives of IDDM patients. Diabetes. 1987;36(1):93-9. 
31. Groop L, Forsblom C, Lehtovirta M, Tuomi T, Karanko S, Nissen M, et al. 
Metabolic consequences of a family history of NIDDM (the Botnia study): evidence for 
sex-specific parental effects. Diabetes. 1996;45(11):1585-93. 
32. Thomas F, Balkau B, Vauzelle-Kervroedan F, Papoz L. Maternal effect and 
familial aggregation in NIDDM. The CODIAB Study. CODIAB-INSERM-ZENECA Study 
Group. Diabetes. 1994;43(1):63-7. 
33. Prasad RB, Lessmark A, Almgren P, Kovacs G, Hansson O, Oskolkov N, et al. 
Excess maternal transmission of variants in the THADA gene to offspring with type 2 
diabetes. Diabetologia. 2016;59(8):1702-13. 
34. Prasad RB, Groop L. Genetics of type 2 diabetes-pitfalls and possibilities. Genes 
(Basel). 2015;6(1):87-123. 



 

 110 

35. Lyssenko V, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T, et al. Clinical 
risk factors, DNA variants, and the development of type 2 diabetes. The New England 
journal of medicine. 2008;359(21):2220-32. 
36. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes 
for 2010 and 2030. Diabetes research and clinical practice. 2010;87(1):4-14. 
37. Bhupathiraju SN, Tobias DK, Malik VS, Pan A, Hruby A, Manson JE, et al. 
Glycemic index, glycemic load, and risk of type 2 diabetes: results from 3 large US 
cohorts and an updated meta-analysis. The American journal of clinical nutrition. 
2014;100(1):218-32. 
38. Sun Q, Spiegelman D, van Dam RM, Holmes MD, Malik VS, Willett WC, et al. 
White rice, brown rice, and risk of type 2 diabetes in US men and women. Archives of 
internal medicine. 2010;170(11):961-9. 
39. Halton TL, Willett WC, Liu S, Manson JE, Stampfer MJ, Hu FB. Potato and french 
fry consumption and risk of type 2 diabetes in women. The American journal of clinical 
nutrition. 2006;83(2):284-90. 
40. Salmeron J, Hu FB, Manson JE, Stampfer MJ, Colditz GA, Rimm EB, et al. Dietary 
fat intake and risk of type 2 diabetes in women. The American journal of clinical 
nutrition. 2001;73(6):1019-26. 
41. Bazzano LA, Li TY, Joshipura KJ, Hu FB. Intake of fruit, vegetables, and fruit 
juices and risk of diabetes in women. Diabetes care. 2008;31(7):1311-7. 
42. Carter P, Gray LJ, Troughton J, Khunti K, Davies MJ. Fruit and vegetable intake 
and incidence of type 2 diabetes mellitus: systematic review and meta-analysis. Bmj. 
2010;341:c4229. 
43. Muraki I, Imamura F, Manson JE, Hu FB, Willett WC, van Dam RM, et al. Fruit 
consumption and risk of type 2 diabetes: results from three prospective longitudinal 
cohort studies. Bmj. 2013;347:f5001. 
44. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Willett WC, et al. Red 
meat consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated 
meta-analysis. The American journal of clinical nutrition. 2011;94(4):1088-96. 
45. Pan A, Sun Q, Bernstein AM, Manson JE, Willett WC, Hu FB. Changes in red 
meat consumption and subsequent risk of type 2 diabetes mellitus: three cohorts of 
US men and women. JAMA internal medicine. 2013;173(14):1328-35. 
46. White DL, Collinson A. Red meat, dietary heme iron, and risk of type 2 diabetes: 
the involvement of advanced lipoxidation endproducts. Adv Nutr. 2013;4(4):403-11. 
47. Aune D, Ursin G, Veierod MB. Meat consumption and the risk of type 2 
diabetes: a systematic review and meta-analysis of cohort studies. Diabetologia. 
2009;52(11):2277-87. 
48. Hu Y, Ding M, Sampson L, Willett WC, Manson JE, Wang M, et al. Intake of 
whole grain foods and risk of type 2 diabetes: results from three prospective cohort 
studies. Bmj. 2020;370:m2206. 
49. Schulze MB, Schulz M, Heidemann C, Schienkiewitz A, Hoffmann K, Boeing H. 
Fiber and Magnesium Intake and Incidence of Type 2 Diabetes: A Prospective Study 
and Meta-analysis. Archives of internal medicine. 2007;167(9):956-65. 
50. Kamal-Eldin A, Lærke HN, Knudsen K-EB, Lampi A-M, Piironen V, Adlercreutz H, 
et al. Physical, microscopic and chemical characterisation of industrial rye and wheat 
brans from the Nordic countries. Food & Nutrition Research. 2009;53(1):1912. 



 

 111 

51. Aune D, Norat T, Romundstad P, Vatten LJ. Whole grain and refined grain 
consumption and the risk of type 2 diabetes: a systematic review and dose-response 
meta-analysis of cohort studies. European journal of epidemiology. 2013;28(11):845-
58. 
52. Fung TT, Schulze M, Manson JE, Willett WC, Hu FB. Dietary patterns, meat 
intake, and the risk of type 2 diabetes in women. Archives of internal medicine. 
2004;164(20):2235-40. 
53. Salas-Salvado J, Bullo M, Babio N, Martinez-Gonzalez MA, Ibarrola-Jurado N, 
Basora J, et al. Reduction in the incidence of type 2 diabetes with the Mediterranean 
diet: results of the PREDIMED-Reus nutrition intervention randomized trial. Diabetes 
care. 2011;34(1):14-9. 
54. de Koning L, Chiuve SE, Fung TT, Willett WC, Rimm EB, Hu FB. Diet-quality 
scores and the risk of type 2 diabetes in men. Diabetes care. 2011;34(5):1150-6. 
55. Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon CG, et al. Diet, 
lifestyle, and the risk of type 2 diabetes mellitus in women. The New England journal of 
medicine. 2001;345(11):790-7. 
56. Mekary RA, Giovannucci E, Willett WC, van Dam RM, Hu FB. Eating patterns 
and type 2 diabetes risk in men: breakfast omission, eating frequency, and snacking. 
The American journal of clinical nutrition. 2012;95(5):1182-9. 
57. Zhao Z, Li S, Liu G, Yan F, Ma X, Huang Z, et al. Body iron stores and heme-iron 
intake in relation to risk of type 2 diabetes: a systematic review and meta-analysis. 
PloS one. 2012;7(7):e41641. 
58. Wu JH, Micha R, Imamura F, Pan A, Biggs ML, Ajaz O, et al. Omega-3 fatty acids 
and incident type 2 diabetes: a systematic review and meta-analysis. The British 
journal of nutrition. 2012;107 Suppl 2:S214-27. 
59. Schulze MB, Schulz M, Heidemann C, Schienkiewitz A, Hoffmann K, Boeing H. 
Fiber and magnesium intake and incidence of type 2 diabetes: a prospective study and 
meta-analysis. Archives of internal medicine. 2007;167(9):956-65. 
60. Dong JY, Xun P, He K, Qin LQ. Magnesium intake and risk of type 2 diabetes: 
meta-analysis of prospective cohort studies. Diabetes care. 2011;34(9):2116-22. 
61. Song Y, Wang L, Pittas AG, Del Gobbo LC, Zhang C, Manson JE, et al. Blood 25-
hydroxy vitamin D levels and incident type 2 diabetes: a meta-analysis of prospective 
studies. Diabetes care. 2013;36(5):1422-8. 
62. Thomas DE, Elliott EJ, Naughton GA. Exercise for type 2 diabetes mellitus. The 
Cochrane database of systematic reviews. 2006(3):CD002968. 
63. Grontved A, Pan A, Mekary RA, Stampfer M, Willett WC, Manson JE, et al. 
Muscle-strengthening and conditioning activities and risk of type 2 diabetes: a 
prospective study in two cohorts of US women. PLoS medicine. 2014;11(1):e1001587. 
64. Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett WC, et al. 
Walking compared with vigorous physical activity and risk of type 2 diabetes in 
women: a prospective study. Jama. 1999;282(15):1433-9. 
65. Boule NG, Kenny GP, Haddad E, Wells GA, Sigal RJ. Meta-analysis of the effect 
of structured exercise training on cardiorespiratory fitness in Type 2 diabetes mellitus. 
Diabetologia. 2003;46(8):1071-81. 
66. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, et al. 
Exercise and type 2 diabetes: the American College of Sports Medicine and the 



 

 112 

American Diabetes Association: joint position statement. Diabetes care. 
2010;33(12):e147-67. 
67. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other 
sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in 
women. Jama. 2003;289(14):1785-91. 
68. Zhang L, Curhan GC, Hu FB, Rimm EB, Forman JP. Association between passive 
and active smoking and incident type 2 diabetes in women. Diabetes care. 
2011;34(4):892-7. 
69. Gassasse Z, Smith D, Finer S, Gallo V. Association between urbanisation and 
type 2 diabetes: an ecological study. BMJ Glob Health. 2017;2(4):e000473. 
70. Organization WH. Screening for Type 2 Diabetes, Report of a World Health 
Organization and International Diabetes Federation meeting 2003 [Available from: 
https://www.who.int/diabetes/publications/en/screening_mnc03.pdf  
71. American Diabetes Association. Standards of Medical Care in Diabetes - 2018 
2018 [Available from: http://diabetesed.net/wp-content/uploads/2017/12/2018-ADA-
Standards-of-Care.pdf. 
72. Department of Health Australian Government. The Australian Type 2 Diabetes 
Risk Assessment Tool (AUSDRISK) 2010 [Available from: 
https://www.health.gov.au/sites/default/files/the-australian-type-2-diabetes-risk-
assessment-tool-ausdrisk.pdf. 
73. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, 
et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or 
metformin. The New England journal of medicine. 2002;346(6):393-403. 
74. Wing RR, Hamman RF, Bray GA, Delahanty L, Edelstein SL, Hill JO, et al. 
Achieving weight and activity goals among diabetes prevention program lifestyle 
participants. Obes Res. 2004;12(9):1426-34. 
75. Manders RJ, Van Dijk JW, van Loon LJ. Low-intensity exercise reduces the 
prevalence of hyperglycemia in type 2 diabetes. Med Sci Sports Exerc. 2010;42(2):219-
25. 
76. Escalante-Pulido M, Escalante-Herrera A, Milke-Najar ME, Alpizar-Salazar M. 
Effects of weight loss on insulin secretion and in vivo insulin sensitivity in obese 
diabetic and non-diabetic subjects. Diabetes, nutrition & metabolism. 2003;16(5-
6):277-83. 
77. International Diabetes Federation. IDF Diabetes Atlas 8th Edition 2017 
[Available from: https://www.idf.org/e-library/epidemiology-research/diabetes-
atlas/134-idf-diabetes-atlas-8th-edition.html. 
78. Deed G, Barlow J, Kawol D, Kilov G, Sharma A, Hwa L. Diet and diabetes. 
Australian family physician. 2015;44:192-6. 
79. Marin-Penalver JJ, Martin-Timon I, Sevillano-Collantes C, Del Canizo-Gomez FJ. 
Update on the treatment of type 2 diabetes mellitus. World journal of diabetes. 
2016;7(17):354-95. 
80. Royal Australian College of General Practitioners. Management of type 2 
diabetes: A handbook for general practice 2020 [Available from: 
https://www.racgp.org.au/getattachment/41fee8dc-7f97-4f87-9d90-
b7af337af778/Management-of-type-2-diabetes-A-handbook-for-general-practice.aspx. 
81. American Diabetes Association. Economic Costs of Diabetes in the U.S. in 2017. 
Diabetes care. 2018:dci180007. 



 

 113 

82. Lee CM, Colagiuri R, Magliano DJ, Cameron AJ, Shaw J, Zimmet P, et al. The cost 
of diabetes in adults in Australia. Diabetes research and clinical practice. 
2013;99(3):385-90. 
83. Australian Institute of Health Welfare. Disease expenditure in Australia. 
Canberra: AIHW; 2019. 
84. Herman WH, Hoerger TJ, Brandle M, Hicks K, Sorensen S, Zhang P, et al. The 
cost-effectiveness of lifestyle modification or metformin in preventing type 2 diabetes 
in adults with impaired glucose tolerance. Annals of internal medicine. 
2005;142(5):323-32. 
85. Polonsky WH, Henry RR. Poor medication adherence in type 2 diabetes: 
recognizing the scope of the problem and its key contributors. Patient Prefer 
Adherence. 2016;10:1299-307. 
86. Australian Institute of Health and Welfare. Australia’s health 2014 2014 
[Available from: https://www.aihw.gov.au/getmedia/8f7bd3d6-9e69-40c1-b7a8-
40dca09a13bf/4_2-chronic-disease.pdf.aspx. 
87. Nowson CA, McGrath JJ, Ebeling PR, Haikerwal A, Daly RM, Sanders KM, et al. 
Vitamin D and health in adults in Australia and New Zealand: a position statement. The 
Medical journal of Australia. 2012;196(11):686-7. 
88. Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, Maalouf G, et al. The 
prevalence of vitamin D inadequacy amongst women with osteoporosis: an 
international epidemiological investigation. Journal of internal medicine. 
2006;260(3):245-54. 
89. Moyad MA. Vitamin D: a rapid review. Dermatol Nurs. 2009;21(1):25-30, 55. 
90. Holick MF. High prevalence of vitamin D inadequacy and implications for 
health. Mayo Clinic proceedings. 2006;81(3):353-73. 
91. Taylor CL, Patterson KY, Roseland JM, Wise SA, Merkel JM, Pehrsson PR, et al. 
Including food 25-hydroxyvitamin D in intake estimates may reduce the discrepancy 
between dietary and serum measures of vitamin D status. The Journal of nutrition. 
2014;144(5):654-9. 
92. Cashman KD, Seamans KM, Lucey AJ, Stocklin E, Weber P, Kiely M, et al. 
Relative effectiveness of oral 25-hydroxyvitamin D3 and vitamin D3 in raising 
wintertime serum 25-hydroxyvitamin D in older adults. The American journal of clinical 
nutrition. 2012;95(6):1350-6. 
93. Institute of Medicine CtRDRIfV, D and Calcium,. The National Academies 
Collection: Reports funded by National Institutes of Health. In: Ross AC, Taylor CL, 
Yaktine AL, Del Valle HB, editors. Dietary Reference Intakes for Calcium and Vitamin D. 
Washington (DC): National Academies Press (US) 
Copyright © 2011, National Academy of Sciences.; 2011. 
94. Food Standards Australia & New Zealand. Vitamins and minerals added to food 
2016 [Available from: 
http://www.foodstandards.gov.au/consumerinformation/fortification.cfm. . 
95. National Health and Medical Research Council. New Zealand Ministry of Health. 
Nutrient reference values for Australia and New Zealand including recommended 
dietary intakes 2006 [Available from: 
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/n35.pdf?q=publica
tions/synopses/_files/n35.pdf. 



 

 114 

96. In: Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors. Dietary Reference 
Intakes for Calcium and Vitamin D. The National Academies Collection: Reports funded 
by National Institutes of Health. Washington (DC)2011. 
97. Kennel KA, Drake MT, Hurley DL. Vitamin D deficiency in adults: when to test 
and how to treat. Mayo Clinic proceedings. 2010;85(8):752-8. 
98. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, 
et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine 
Society clinical practice guideline. The Journal of clinical endocrinology and 
metabolism. 2011;96(7):1911-30. 
99. Camacho PM, Petak SM, Binkley N, Clarke BL, Harris ST, Hurley DL, et al. 
AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND AMERICAN COLLEGE 
OF ENDOCRINOLOGY CLINICAL PRACTICE GUIDELINES FOR THE DIAGNOSIS AND 
TREATMENT OF POSTMENOPAUSAL OSTEOPOROSIS - 2016--EXECUTIVE SUMMARY. 
Endocrine practice : official journal of the American College of Endocrinology and the 
American Association of Clinical Endocrinologists. 2016;22(9):1111-8. 
100. Kennel KA, Drake MT, Hurley DL. Vitamin D deficiency in adults: when to test 
and how to treat. Mayo Clinic proceedings. 2010;85(8):752-7; quiz 7-8. 
101. Lucas R, Neale R. What is the optimal level of vitamin D? Separating the 
evidence from the rhetoric. Australian family physician. 2014;43:119-22. 
102. Grant WB, Holick MF. Benefits and requirements of vitamin D for optimal 
health: a review. Altern Med Rev. 2005;10(2):94-111. 
103. Washington State Health Care Authority. Vitamin D Screening and Testing, Final 
Evidence Report November 16, 2012 [Available from: 
https://www.hca.wa.gov/assets/program/vitd_finalrpt_111612[1].pdf. 
104. Thacher TD, Clarke BL. Vitamin D Insufficiency. Mayo Clinic proceedings. 
2011;86(1):50-60. 
105. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B. 
Estimation of optimal serum concentrations of 25-hydroxyvitamin D for multiple 
health outcomes. The American journal of clinical nutrition. 2006;84(1):18-28. 
106. Mussolino ME, Gillum RF. Low bone mineral density and mortality in men and 
women: the Third National Health and Nutrition Examination Survey linked mortality 
file. Annals of epidemiology. 2008;18(11):847-50. 
107. Anderson JL, May HT, Horne BD, Bair TL, Hall NL, Carlquist JF, et al. Relation of 
vitamin D deficiency to cardiovascular risk factors, disease status, and incident events 
in a general healthcare population. Am J Cardiol. 2010;106(7):963-8. 
108. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-hydroxyvitamin D and risk of 
myocardial infarction in men: a prospective study. Archives of internal medicine. 
2008;168(11):1174-80. 
109. Wang L, Song Y, Manson JE, Pilz S, Marz W, Michaelsson K, et al. Circulating 25-
hydroxy-vitamin D and risk of cardiovascular disease: a meta-analysis of prospective 
studies. Circ Cardiovasc Qual Outcomes. 2012;5(6):819-29. 
110. Zhang R, Li B, Gao X, Tian R, Pan Y, Jiang Y, et al. Serum 25-hydroxyvitamin D 
and the risk of cardiovascular disease: dose-response meta-analysis of prospective 
studies. The American journal of clinical nutrition. 2017;105(4):810-9. 
111. Salehpour A, Shidfar F, Hosseinpanah F, Vafa M, Razaghi M, Hoshiarrad A, et al. 
Vitamin D3 and the risk of CVD in overweight and obese women: a randomised 
controlled trial. British Journal of Nutrition. 2012;108(10):1866-73. 



 

 115 

112. Larsen T, Mose FH, Bech JN, Hansen AB, Pedersen EB. Effect of cholecalciferol 
supplementation during winter months in patients with hypertension: a randomized, 
placebo-controlled trial. Am J Hypertens. 2012;25(11):1215-22. 
113. Elamin MB, Abu Elnour NO, Elamin KB, Fatourechi MM, Alkatib AA, Almandoz 
JP, et al. Vitamin D and cardiovascular outcomes: a systematic review and meta-
analysis. The Journal of clinical endocrinology and metabolism. 2011;96(7):1931-42. 
114. Zittermann A, Ernst JB, Prokop S, Fuchs U, Dreier J, Kuhn J, et al. Effect of 
vitamin D on all-cause mortality in heart failure (EVITA): a 3-year randomized clinical 
trial with 4000 IU vitamin D daily. Eur Heart J. 2017;38(29):2279-86. 
115. Manson JE, Cook NR, Lee I-M, Christen W, Bassuk SS, Mora S, et al. Vitamin D 
Supplements and Prevention of Cancer and Cardiovascular Disease. New England 
Journal of Medicine. 2018;380(1):33-44. 
116. Grant WB. A Review of the Evidence Supporting the Vitamin D-Cancer 
Prevention Hypothesis in 2017. Anticancer research. 2018;38(2):1121-36. 
117. Krishnan AV, Trump DL, Johnson CS, Feldman D. The role of vitamin D in cancer 
prevention and treatment. Endocrinology and metabolism clinics of North America. 
2010;39(2):401-contents. 
118. Luong K, Nguyen LT. The beneficial role of vitamin D and its analogs in cancer 
treatment and prevention. Critical reviews in oncology/hematology. 2010;73(3):192-
201. 
119. Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M, et al. 
Vitamin D and prevention of colorectal cancer. The Journal of steroid biochemistry and 
molecular biology. 2005;97(1):179-94. 
120. Anderson LN, Cotterchio M, Vieth R, Knight JA. Vitamin D and calcium intakes 
and breast cancer risk in pre- and postmenopausal women. The American journal of 
clinical nutrition. 2010;91(6):1699-707. 
121. Chen TC, Holick MF. Vitamin D and prostate cancer prevention and treatment. 
Trends in Endocrinology & Metabolism. 2003;14(9):423-30. 
122. Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, et al. 
Prospective study of predictors of vitamin D status and cancer incidence and mortality 
in men. Journal of the National Cancer Institute. 2006;98(7):451-9. 
123. Garland CF, Comstock GW, Garland FC, Helsing KJ, Shaw EK, Gorham ED. Serum 
25-hydroxyvitamin D and colon cancer: eight-year prospective study. Lancet. 
1989;2(8673):1176-8. 
124. Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci EL, Lipkin M, et al. 
Vitamin D and prevention of breast cancer: Pooled analysis. The Journal of steroid 
biochemistry and molecular biology. 2007;103(3):708-11. 
125. Knekt P, Laaksonen M, Mattila C, Harkanen T, Marniemi J, Heliovaara M, et al. 
Serum vitamin D and subsequent occurrence of type 2 diabetes. Epidemiology. 
2008;19(5):666-71. 
126. Pittas AG, Sun Q, Manson JE, Dawson-Hughes B, Hu FB. Plasma 25-
hydroxyvitamin D concentration and risk of incident type 2 diabetes in women. 
Diabetes care. 2010;33(9):2021-3. 
127. von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation reduces 
insulin resistance in South Asian women living in New Zealand who are insulin resistant 
and vitamin D deficient - a randomised, placebo-controlled trial. The British journal of 
nutrition. 2010;103(4):549-55. 



 

 116 

128. Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The effects of calcium and 
vitamin D supplementation on blood glucose and markers of inflammation in 
nondiabetic adults. Diabetes care. 2007;30(4):980-6. 
129. Calton EK, Keane KN, Newsholme P, Soares MJ. The Impact of Vitamin D Levels 
on Inflammatory Status: A Systematic Review of Immune Cell Studies. PloS one. 
2015;10(11):e0141770. 
130. Cannell JJ, Grant WB, Holick MF. Vitamin D and inflammation. Dermato-
endocrinology. 2014;6(1):e983401. 
131. Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano JL, et al. 
Evidence that Vitamin D Supplementation Could Reduce Risk of Influenza and COVID-
19 Infections and Deaths. Nutrients. 2020;12(4). 
132. Holick MF. Vitamin D deficiency. The New England journal of medicine. 
2007;357(3):266-81. 
133. Wahl DA, Cooper C, Ebeling PR, Eggersdorfer M, Hilger J, Hoffmann K, et al. A 
global representation of vitamin D status in healthy populations. Archives of 
osteoporosis. 2012;7(1):155-72. 
134. Herrick KA, Storandt RJ, Afful J, Pfeiffer CM, Schleicher RL, Gahche JJ, et al. 
Vitamin D status in the United States, 2011-2014. The American journal of clinical 
nutrition. 2019;110(1):150-7. 
135. Holick MF. Vitamin D: a d-lightful solution for health. Journal of investigative 
medicine : the official publication of the American Federation for Clinical Research. 
2011;59(6):872-80. 
136. Springbett P, Buglass S, Young AR. Photoprotection and vitamin D status. 
Journal of photochemistry and photobiology B, Biology. 2010;101(2):160-8. 
137. Janssen HC, Samson MM, Verhaar HJ. Vitamin D deficiency, muscle function, 
and falls in elderly people. The American journal of clinical nutrition. 2002;75(4):611-5. 
138. Bouuaert C, Vanmeerbeek M, Burette P, Cavalier E, Seidel L, Blockx S, et al. 
[Vitamin D deficiency in elderly men living in urban areas, at home or in institutions]. 
Presse Med. 2008;37(2 Pt 1):191-200. 
139. Vupputuri MR, Goswami R, Gupta N, Ray D, Tandon N, Kumar N. Prevalence 
and functional significance of 25-hydroxyvitamin D deficiency and vitamin D receptor 
gene polymorphisms in Asian Indians. The American journal of clinical nutrition. 
2006;83(6):1411-9. 
140. Yu S, Fang H, Han J, Cheng X, Xia L, Li S, et al. The high prevalence of 
hypovitaminosis D in China: a multicenter vitamin D status survey. Medicine. 
2015;94(8):e585. 
141. van der Mei IA, Ponsonby AL, Engelsen O, Pasco JA, McGrath JJ, Eyles DW, et al. 
The high prevalence of vitamin D insufficiency across Australian populations is only 
partly explained by season and latitude. Environ Health Perspect. 2007;115(8):1132-9. 
142. Grover SR, Morley R. Vitamin D deficiency in veiled or dark-skinned pregnant 
women. Med J Aust. 2001;175(5):251-2. 
143. Holvik K, Meyer HE, Haug E, Brunvand L. Prevalence and predictors of vitamin D 
deficiency in five immigrant groups living in Oslo, Norway: the Oslo Immigrant Health 
Study. European journal of clinical nutrition. 2005;59(1):57-63. 
144. Fuller KE, Casparian JM. Vitamin D: balancing cutaneous and systemic 
considerations. South Med J. 2001;94(1):58-64. 



 

 117 

145. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. Prevalence of vitamin 
D deficiency among healthy adolescents. Archives of pediatrics & adolescent medicine. 
2004;158(6):531-7. 
146. Skull SA, Ngeow JY, Biggs BA, Street A, Ebeling PR. Vitamin D deficiency is 
common and unrecognized among recently arrived adult immigrants from The Horn of 
Africa. Intern Med J. 2003;33(1-2):47-51. 
147. De Rui M, Toffanello ED, Veronese N, Zambon S, Bolzetta F, Sartori L, et al. 
Vitamin D deficiency and leisure time activities in the elderly: are all pastimes the 
same? PloS one. 2014;9(4):e94805. 
148. Matsuoka LY, Ide L, Wortsman J, MacLaughlin JA, Holick MF. Sunscreens 
suppress cutaneous vitamin D3 synthesis. The Journal of clinical endocrinology and 
metabolism. 1987;64(6):1165-8. 
149. Hosseinpanah F, Pour SH, Heibatollahi M, Moghbel N, Asefzade S, Azizi F. The 
effects of air pollution on vitamin D status in healthy women: a cross sectional study. 
BMC public health. 2010;10:519. 
150. Brodie MJ, Boobis AR, Hillyard CJ, Abeyasekera G, Stevenson JC, MacIntyre I, et 
al. Effect of rifampicin and isoniazid on vitamin D metabolism. Clin Pharmacol Ther. 
1982;32(4):525-30. 
151. Mohammadi S, Hajhashemy Z, Saneei P. Serum vitamin D levels in relation to 
type-2 diabetes and prediabetes in adults: a systematic review and dose–response 
meta-analysis of epidemiologic studies. Critical reviews in food science and nutrition. 
2021:1-21. 
152. Song Y, Wang L, Pittas AG, Del Gobbo LC, Zhang C, Manson JE, et al. Blood 25-
Hydroxy Vitamin D Levels and Incident Type 2 Diabetes. A meta-analysis of prospective 
studies. 2013;36(5):1422-8. 
153. Khan H, Kunutsor S, Franco OH, Chowdhury R. Vitamin D, type 2 diabetes and 
other metabolic outcomes: a systematic review and meta-analysis of prospective 
studies. The Proceedings of the Nutrition Society. 2013;72(1):89-97. 
154. Mitri J, Muraru M, Pittas A. Vitamin D and type 2 diabetes: a systematic review. 
European journal of clinical nutrition. 2011;65(9):1005-15. 
155. Angellotti E, Pittas AG. The Role of Vitamin D in the Prevention of Type 2 
Diabetes: To D or Not to D? Endocrinology. 2017;158(7):2013-21. 
156. Dong J-Y, Xun P, He K, Qin L-Q. Magnesium Intake and Risk of Type 2 Diabetes. 
Meta-analysis of prospective cohort studies. 2011;34(9):2116-22. 
157. George PS, Pearson ER, Witham MD. Effect of vitamin D supplementation on 
glycaemic control and insulin resistance: a systematic review and meta-analysis. 
Diabetic Medicine. 2012;29(8):e142-e50. 
158. Li X, Liu Y, Zheng Y, Wang P, Zhang Y. The Effect of Vitamin D Supplementation 
on Glycemic Control in Type 2 Diabetes Patients: A Systematic Review and Meta-
Analysis. Nutrients. 2018;10(3). 
159. Heshmat R, Tabatabaei-Malazy O, Abbaszadeh-Ahranjani S, Shahbazi S, 
Khooshehchin G, Bandarian F, et al. Effect of vitamin D on insulin resistance and 
anthropometric parameters in Type 2 diabetes; a randomized double-blind clinical 
trial. Daru : journal of Faculty of Pharmacy, Tehran University of Medical Sciences. 
2012;20(1):10. 



 

 118 

160. Ryu OH, Lee S, Yu J, Choi MG, Yoo HJ, Mantero F. A prospective randomized 
controlled trial of the effects of vitamin D supplementation on long-term glycemic 
control in type 2 diabetes mellitus of Korea. Endocrine journal. 2014;61(2):167-76. 
161. Strobel F, Reusch J, Penna-Martinez M, Ramos-Lopez E, Klahold E, Klepzig C, et 
al. Effect of a randomised controlled vitamin D trial on insulin resistance and glucose 
metabolism in patients with type 2 diabetes mellitus. Hormone and metabolic research 
= Hormon- und Stoffwechselforschung = Hormones et metabolisme. 2014;46(1):54-8. 
162. Elkassaby S, Harrison LC, Mazzitelli N, Wentworth JM, Colman PG, Spelman T, 
et al. A randomised controlled trial of high dose vitamin D in recent-onset type 2 
diabetes. Diabetes research and clinical practice. 2014;106(3):576-82. 
163. Kampmann U, Mosekilde L, Juhl C, Moller N, Christensen B, Rejnmark L, et al. 
Effects of 12 weeks high dose vitamin D3 treatment on insulin sensitivity, beta cell 
function, and metabolic markers in patients with type 2 diabetes and vitamin D 
insufficiency - a double-blind, randomized, placebo-controlled trial. Metabolism: 
clinical and experimental. 2014;63(9):1115-24. 
164. Jehle S, Lardi A, Felix B, Hulter HN, Stettler C, Krapf R. Effect of large doses of 
parenteral vitamin D on glycaemic control and calcium/phosphate metabolism in 
patients with stable type 2 diabetes mellitus: a randomised, placebo-controlled, 
prospective pilot study. Swiss medical weekly. 2014;144:w13942. 
165. Jorde R, Schirmer H, Wilsgaard T, Joakimsen RM, Mathiesen EB, Njølstad I, et al. 
Polymorphisms related to the serum 25-hydroxyvitamin D level and risk of myocardial 
infarction, diabetes, cancer and mortality. The Tromsø Study. PloS one. 
2012;7(5):e37295. 
166. Pittas AG, Dawson-Hughes B, Sheehan P, Ware JH, Knowler WC, Aroda VR, et al. 
Vitamin D Supplementation and Prevention of Type 2 Diabetes. New England Journal 
of Medicine. 2019;381(6):520-30. 
167. Yousefi Rad E, Djalali M, Koohdani F, Saboor-Yaraghi AA, Eshraghian MR, 
Javanbakht MH, et al. The Effects of Vitamin D Supplementation on Glucose Control 
and Insulin Resistance in Patients with Diabetes Type 2: A Randomized Clinical Trial 
Study. Iranian journal of public health. 2014;43(12):1651-6. 
168. Australian New Zealand Clinical Trial Registry. Trial registered on ANZCTR  
[Available from: 
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=320890. 
169. Pradhan AD, Manson JE. Update on the Vitamin D and OmegA-3 trial (VITAL). 
The Journal of steroid biochemistry and molecular biology. 2015. 
170. Li X, Liu Y, Zheng Y, Wang P, Zhang Y. The Effect of Vitamin D Supplementation 
on Glycemic Control in Type 2 Diabetes Patients: A Systematic Review and Meta-
Analysis. Nutrients. 2018;10(3):375. 
171. Yu XF, Zaslawaki C, Lim CED. Vitamin D on glycaemia control'in type 2 diabetes 
patients': A systematic review of randomised clinical trials. Journal of the Australian 
Traditional-Medicine Society. 2018;24(2):82. 
172. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: 
estimates for the year 2000 and projections for 2030. Diabetes care. 2004;27(5):1047-
53. 
173. Magliano DJ, Peeters A, Vos T, Sicree R, Shaw J, Sindall C, et al. Projecting the 
burden of diabetes in Australia--what is the size of the matter? Australian and New 
Zealand journal of public health. 2009;33(6):540-3. 



 

 119 

174. Intensive blood-glucose control with sulphonylureas or insulin compared with 
conventional treatment and risk of complications in patients with type 2 diabetes 
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet. 
1998;352(9131):837-53. 
175. Wallace TM, Matthews DR. Recent advances in the monitoring and 
management of diabetic ketoacidosis. QJM : monthly journal of the Association of 
Physicians. 2004;97(12):773-80. 
176. Rahati S, Shahraki M, Arjomand G, Shahraki T. Food pattern, lifestyle and 
diabetes mellitus. International journal of high risk behaviors & addiction. 
2014;3(1):e8725. 
177. Kastorini CM, Panagiotakos DB. Dietary patterns and prevention of type 2 
diabetes: from research to clinical practice; a systematic review. Current diabetes 
reviews. 2009;5(4):221-7. 
178. Anders S, Schroeter C. Diabetes, diet-health behavior, and obesity. Frontiers in 
endocrinology. 2015;6:33. 
179. Nasri H, Behradmanesh S, Maghsoudi AR, Ahmadi A, Nasri P, Rafieian-Kopaei 
M. Efficacy of supplementary vitamin D on improvement of glycemic parameters in 
patients with type 2 diabetes mellitus; a randomized double blind clinical trial. Journal 
of renal injury prevention. 2014;3(1):31-4. 
180. Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin D and diabetes. 
Diabetologia. 2005;48(7):1247-57. 
181. Szymczak-Pajor I, Śliwińska A. Analysis of Association between Vitamin D 
Deficiency and Insulin Resistance. Nutrients. 2019;11(4):794. 
182. Baeke F, Gysemans C, Korf H, Mathieu C. Vitamin D insufficiency: implications 
for the immune system. Pediatr Nephrol. 2010;25(9):1597-606. 
183. Rabinovitch A, Suarez-Pinzon WL, Sooy K, Strynadka K, Christakos S. Expression 
of Calbindin-D28k in a Pancreatic Isletβ -Cell Line Protects against Cytokine-Induced 
Apoptosis and Necrosis. Endocrinology. 2001;142(8):3649-55. 
184. Al-Sofiani ME, Jammah A, Racz M, Khawaja RA, Hasanato R, El-Fawal HA, et al. 
Effect of Vitamin D Supplementation on Glucose Control and Inflammatory Response 
in Type II Diabetes: A Double Blind, Randomized Clinical Trial. International journal of 
endocrinology and metabolism. 2015;13(1):e22604. 
185. Sadiya A, Ahmed SM, Carlsson M, Tesfa Y, George M, Ali SH, et al. Vitamin D 
supplementation in obese type 2 diabetes subjects in Ajman, UAE: a randomized 
controlled double-blinded clinical trial. European journal of clinical nutrition. 
2015;69(6):707-11. 
186. Tabesh M, Azadbakht L, Faghihimani E, Tabesh M, Esmaillzadeh A. Effects of 
calcium-vitamin D co-supplementation on metabolic profiles in vitamin D insufficient 
people with type 2 diabetes: a randomised controlled clinical trial. Diabetologia. 
2014;57(10):2038-47. 
187. Nikooyeh B, Neyestani TR, Farvid M, Alavi-Majd H, Houshiarrad A, Kalayi A, et 
al. Daily consumption of vitamin D- or vitamin D + calcium-fortified yogurt drink 
improved glycemic control in patients with type 2 diabetes: a randomized clinical trial. 
The American journal of clinical nutrition. 2011;93(4):764-71. 
188. Ryu OH, Chung W, Lee S, Hong KS, Choi MG, Yoo HJ. The effect of high-dose 
vitamin D supplementation on insulin resistance and arterial stiffness in patients with 
type 2 diabetes. The Korean journal of internal medicine. 2014;29(5):620-9. 



 

 120 

189. Witham MD, Dove FJ, Dryburgh M, Sugden JA, Morris AD, Struthers AD. The 
effect of different doses of vitamin D(3) on markers of vascular health in patients with 
type 2 diabetes: a randomised controlled trial. Diabetologia. 2010;53(10):2112-9. 
190. Shab-Bidar S, Neyestani TR, Djazayery A. Vitamin D receptor Cdx-2-dependent 
response of central obesity to vitamin D intake in the subjects with type 2 diabetes: a 
randomised clinical trial. The British journal of nutrition. 2015;114(9):1375-84. 
191. Soric MM, Renner ET, Smith SR. Effect of daily vitamin D supplementation on 
HbA1c in patients with uncontrolled type 2 diabetes mellitus: a pilot study. Journal of 
diabetes. 2012;4(1):104-5. 
192. Patel P, Poretsky L, Liao E. Lack of effect of subtherapeutic vitamin D treatment 
on glycemic and lipid parameters in Type 2 diabetes: A pilot prospective randomized 
trial. Journal of diabetes. 2010;2(1):36-40. 
193. Sanchez M, de la Sierra A, Coca A, Poch E, Giner V, Urbano-Marquez A. Oral 
calcium supplementation reduces intraplatelet free calcium concentration and insulin 
resistance in essential hypertensive patients. Hypertension. 1997;29(1 Pt 2):531-6. 
194. Kumar S, Davies M, Zakaria Y, Mawer EB, Gordon C, Olukoga AO, et al. 
Improvement in glucose tolerance and beta-cell function in a patient with vitamin D 
deficiency during treatment with vitamin D. Postgraduate medical journal. 
1994;70(824):440-3. 
195. Shore-Lorenti C, Brennan SL, Sanders KM, Neale RE, Lucas RM, Ebeling PR. 
Shining the light on Sunshine: a systematic review of the influence of sun exposure on 
type 2 diabetes mellitus-related outcomes. Clinical endocrinology. 2014;81(6):799-811. 
196. Lindqvist PG, Olsson H, Landin-Olsson M. Are active sun exposure habits related 
to lowering risk of type 2 diabetes mellitus in women, a prospective cohort study? 
Diabetes research and clinical practice. 2010;90(1):109-14. 
197. Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: A flexible statistical power 
analysis program for the social, behavioral, and biomedical sciences. Behavior 
Research Methods. 2007;39(2):175-91. 
198. Weir RR, Carson EL, Mulhern MS, Laird E, Healy M, Pourshahidi LK. Validation of 
a food frequency questionnaire to determine vitamin D intakes using the method of 
triads. Journal of human nutrition and dietetics : the official journal of the British 
Dietetic Association. 2016;29(2):255-61. 
199. Hanwell HE, Vieth R, Cole DE, Scillitani A, Modoni S, Frusciante V, et al. Sun 
exposure questionnaire predicts circulating 25-hydroxyvitamin D concentrations in 
Caucasian hospital workers in southern Italy. The Journal of steroid biochemistry and 
molecular biology. 2010;121(1-2):334-7. 
200. Suzuki A, Kotake M, Ono Y, Kato T, Oda N, Hayakawa N, et al. Hypovitaminosis 
D in type 2 diabetes mellitus: Association with microvascular complications and type of 
treatment. Endocrine journal. 2006;53(4):503-10. 
201. Hutchinson MS, Figenschau Y, Njølstad I, Schirmer H, Jorde R. Serum 25-
hydroxyvitamin D levels are inversely associated with glycated haemoglobin (HbA1c). 
The Tromsø Study. Scandinavian journal of clinical and laboratory investigation. 
2011;71(5):399-406. 
202. Angellotti E, D'Alessio D, Dawson-Hughes B, Nelson J, Cohen RM, Gastaldelli A, 
et al. Vitamin D Supplementation in Patients With Type 2 Diabetes: The Vitamin D for 
Established Type 2 Diabetes (DDM2) Study. J Endocr Soc. 2018;2(4):310-21. 



 

 121 

203. Sanghera DK, Sapkota BR, Aston CE, Blackett PR. Vitamin D Status, Gender 
Differences, and Cardiometabolic Health Disparities. Annals of nutrition & metabolism. 
2017;70(2):79-87. 
204. Abudawood M, Tabassum H, Ansar S, Almosa K, Sobki S, Ali MN, et al. 
Assessment of gender-related differences in vitamin D levels and cardiovascular risk 
factors in Saudi patients with type 2 diabetes mellitus. Saudi Journal of Biological 
Sciences. 2018;25(1):31-6. 
205. Verdoia M, Schaffer A, Barbieri L, Di Giovine G, Marino P, Suryapranata H, et al. 
Impact of gender difference on vitamin D status and its relationship with the extent of 
coronary artery disease. Nutrition, metabolism, and cardiovascular diseases : NMCD. 
2015;25(5):464-70. 
206. Bayani MA, Akbari R, Banasaz B, Saeedi F. Status of Vitamin-D in diabetic 
patients. Caspian journal of internal medicine. 2014;5(1):40-2. 
207. Isaia G, Giorgino R, Adami S. High Prevalence of Hypovitaminosis D in Female 
Type 2 Diabetic Population. Diabetes care. 2001;24(8):1496. 
208. Sharifi N, Amani R, Hajiani E, Cheraghian B. Women may respond different from 
men to vitamin D supplementation regarding cardiometabolic biomarkers. Exp Biol 
Med (Maywood). 2016;241(8):830-8. 
209. Mazahery H, von Hurst PR. Factors Affecting 25-Hydroxyvitamin D 
Concentration in Response to Vitamin D Supplementation. Nutrients. 2015;7(7):5111-
42. 
210. Nigil Haroon N, Anton A, John J, Mittal M. Effect of vitamin D supplementation 
on glycemic control in patients with type 2 diabetes: a systematic review of 
interventional studies. Journal of diabetes and metabolic disorders. 2015;14:3. 
211. Lucas RM, Ponsonby AL. Ultraviolet radiation and health: friend and foe. Med J 
Aust. 2002;177(11-12):594-8. 
212. Pathak M. Functions of melanin and protection by melanin. Melanin: its role in 
human photoprotection. 1995. 
213. Cheng S, Lian S, Hao Y, Kang N, Li S, Nie Y, et al. Sun-exposure knowledge and 
protection behavior in a North Chinese population: a questionnaire-based study. 
Photodermatol Photoimmunol Photomed. 2010;26(4):177-81. 
214. Yan S, Xu F, Yang C, Li F, Fan J, Wang L, et al. Demographic differences in sun 
protection beliefs and behavior: a community-based study in Shanghai, China. 
International journal of environmental research and public health. 2015;12(3):3232-45. 
215. Nowson CA, Margerison C. Vitamin D intake and vitamin D status of 
Australians. The Medical journal of Australia. 2002;177(3):149-52. 
216. Baghurst K, Record S. Re-analysis of the Australian National Nutrition Survey of 
1995/6. Adelaide: CSIRO; 2004. 
217. National Health and Medical Research Council N. Vitamin D,  Nutrient 
Reference Values for Australia and New Zealand Including Recommended Dietary 
Intakes Australia2006 [updated 09/04/2014. Available from: 
https://www.nrv.gov.au/sites/default/files/content/n35-vitamind_0.pdf. 
218. Taylor CL, Carriquiry AL, Bailey RL, Sempos CT, Yetley EA. Appropriateness of 
the probability approach with a nutrient status biomarker to assess population 
inadequacy: a study using vitamin D. The American journal of clinical nutrition. 
2013;97(1):72-8. 



 

 122 

219. Taylor CL, Patterson KY, Roseland JM, Wise SA, Merkel JM, Pehrsson PR, et al. 
Including Food 25-Hydroxyvitamin D in Intake Estimates May Reduce the Discrepancy 
between Dietary and Serum Measures of Vitamin D Status. The Journal of nutrition. 
2014;144(5):654-9. 
220. Australian Bureau of Statistics. Australian Health Survey: Nutrition First Results 
- Foods and Nutrients. Canberra, Australia; 2012 9/05/2014. 
221. Institute of Medicine UCtRDRIfVDaC. Dietary Reference Intakes for Calcium and 
Vitamin D. Washington D.C. USA: National Academies Press (US); 2011. 1105 p. 
222. Food Standards Australia New Zealand F. Vitamin D in Australian Foods – new 
data for national food composition tables. Food Standards Australia New Zealand, 
FSANZ; 2018. 
223. Liu J, Arcot J, Cunningham J, Greenfield H, Hsu J, Padula D, et al. New data for 
vitamin D in Australian foods of animal origin: impact on estimates of national adult 
vitamin D intakes in 1995 and 2011-13. Asia Pacific journal of clinical nutrition. 
2015;24(3):464-71. 
224. He Y, Yang X, Xia J, Zhao L, Yang Y. Consumption of meat and dairy products in 
China: a review. The Proceedings of the Nutrition Society. 2016;75(3):385-91. 
225. Nakamura K. Vitamin D insufficiency in Japanese populations: from the 
viewpoint of the prevention of osteoporosis. Journal of bone and mineral metabolism. 
2006;24(1):1-6. 
226. Nakamura K, Nashimoto M, Hori Y, Yamamoto M. Serum 25-hydroxyvitamin D 
concentrations and related dietary factors in peri- and postmenopausal Japanese 
women. The American journal of clinical nutrition. 2000;71(5):1161-5. 
227. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, et al. Comparison 
of vitamin D2 and vitamin D3 supplementation in raising serum 25-hydroxyvitamin D 
status: a systematic review and meta-analysis. The American journal of clinical 
nutrition. 2012;95(6):1357-64. 
228. Armas LAG, Hollis BW, Heaney RP. Vitamin D2 Is Much Less Effective than 
Vitamin D3 in Humans. The Journal of Clinical Endocrinology & Metabolism. 
2004;89(11):5387-91. 
229. Guo J, Lovegrove JA, Givens DI. 25(OH)D3-enriched or fortified foods are more 
efficient at tackling inadequate vitamin D status than vitamin D3. The Proceedings of 
the Nutrition Society. 2018;77(3):282-91. 
230. Graeff-Armas LA, Bendik I, Kunz I, Schoop R, Hull S, Beck M. Supplemental 25-
Hydroxycholecalciferol Is More Effective than Cholecalciferol in Raising Serum 25-
Hydroxyvitamin D Concentrations in Older Adults. The Journal of nutrition. 
2020;150(1):73-81. 
231. Cianferotti L, Cricelli C, Kanis JA, Nuti R, Reginster J-Y, Ringe JD, et al. The 
clinical use of vitamin D metabolites and their potential developments: a position 
statement from the European Society for Clinical and Economic Aspects of 
Osteoporosis and Osteoarthritis (ESCEO) and the International Osteoporosis 
Foundation (IOF). Endocrine. 2015;50(1):12-26. 
232. Maurya VK, Aggarwal M. Factors influencing the absorption of vitamin D in GIT: 
an overview. J Food Sci Technol. 2017;54(12):3753-65. 
233. Glerup H, Mikkelsen K, Poulsen L, Hass E, Overbeck S, Thomsen J, et al. 
Commonly recommended daily intake of vitamin D is not sufficient if sunlight exposure 
is limited. Journal of internal medicine. 2000;247(2):260-8. 



 

 123 

234. Samanek AJ, Croager EJ, Giesfor Skin Cancer Prevention P, Milne E, Prince R, 
McMichael AJ, et al. Estimates of beneficial and harmful sun exposure times during the 
year for major Australian population centres. Med J Aust. 2006;184(7):338-41. 
235. Holick MF. McCollum Award Lecture, 1994: vitamin D--new horizons for the 
21st century. The American journal of clinical nutrition. 1994;60(4):619-30. 
236. Need AG, Morris HA, Horowitz M, Nordin C. Effects of skin thickness, age, body 
fat, and sunlight on serum 25-hydroxyvitamin D. The American journal of clinical 
nutrition. 1993;58(6):882-5. 
237. Australian WGot, New Zealand B, Mineral S, Australia ESo, Osteoporosis A. 
Vitamin D and adult bone health in Australia and New Zealand: a position statement. 
The Medical journal of Australia. 2005;182(6):281-5. 
238. Al-Horani H, Abu Dayyih W, Mallah E, Hamad M, Mima M, Awad R, et al. 
Nationality, Gender, Age, and Body Mass Index Influences on Vitamin D Concentration 
among Elderly Patients and Young Iraqi and Jordanian in Jordan. Biochemistry 
Research International. 2016;2016:8920503. 
239. Norval M, Wulf HC. Does chronic sunscreen use reduce vitamin D production to 
insufficient levels? Br J Dermatol. 2009. 
240. Bogh MKB, Schmedes AV, Philipsen PA, Thieden E, Wulf HC. Vitamin D 
Production after UVB Exposure Depends on Baseline Vitamin D and Total Cholesterol 
but Not on Skin Pigmentation. Journal of Investigative Dermatology. 2010;130(2):546-
53. 
241. Tangpricha V. Vitamin D in food and supplements. The American journal of 
clinical nutrition. 2012;95(6):1299-300. 
242. Seijo M, Mastaglia S, Brito G, Somoza J, Oliveri B. [Is daily supplementation with 
vitamin D2 equivalent to daily supplementation with vitamin D3 in the elderly?]. 
Medicina. 2012;72(3):195-200. 
243. Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin 
supplement. The American journal of clinical nutrition. 2006;84(4):694-7. 
244. Šimoliūnas E, Rinkūnaitė I, Bukelskienė Ž, Bukelskienė V. Bioavailability of 
Different Vitamin D Oral Supplements in Laboratory Animal Model. Medicina (Kaunas). 
2019;55(6):265. 
245. Tso P, Fujimoto K. The absorption and transport of lipids by the small intestine. 
Brain Research Bulletin. 1991;27:477-82. 
246. Basu TK, Donaldson D. Intestinal absorption in health and disease: 
micronutrients. Best Practice & Research Clinical Gastroenterology. 2003;17(6):957-79. 
247. Dawson-Hughes B, Harris SS, Lichtenstein AH, Dolnikowski G, Palermo NJ, 
Rasmussen H. Dietary Fat Increases Vitamin D-3 Absorption. Journal of the Academy of 
Nutrition and Dietetics. 2015;115(2):225-30. 
248. Hofmann AF. THE FUNCTION OF BILE SALTS IN FAT ABSORPTION. THE SOLVENT 
PROPERTIES OF DILUTE MICELLAR SOLUTIONS OF CONJUGATED BILE SALTS. Biochem J. 
1963;89(1):57-68. 
249. Maislos M, Shany S. Bile salt deficiency and the absorption of vitamin D 
metabolites. In vivo study in the rat. Isr J Med Sci. 1987;23(11):1114-7. 
250. Mulligan GB, Licata A. Taking vitamin D with the largest meal improves 
absorption and results in higher serum levels of 25-hydroxyvitamin D. Journal of bone 
and mineral research : the official journal of the American Society for Bone and 
Mineral Research. 2010;25(4):928-30. 



 

 124 

251. Johnson JL, Mistry VV, Vukovich MD, Hogie-Lorenzen T, Hollis BW, Specker BL. 
Bioavailability of vitamin D from fortified process cheese and effects on vitamin D 
status in the elderly. Journal of dairy science. 2005;88(7):2295-301. 
252. Compston JE, Merrett AL, Hammett FG, Magill P. Comparison of the 
appearance of radiolabelled vitamin D3 and 25-hydroxy-vitamin D3 in the chylomicron 
fraction of plasma after oral administration in man. Clinical science. 1981;60(2):241-3. 
253. Trang HM, Cole DE, Rubin LA, Pierratos A, Siu S, Vieth R. Evidence that vitamin 
D3 increases serum 25-hydroxyvitamin D more efficiently than does vitamin D2. The 
American journal of clinical nutrition. 1998;68(4):854-8. 
254. Barger-Lux MJ, Heaney RP, Dowell S, Chen TC, Holick MF. Vitamin D and its 
major metabolites: serum levels after graded oral dosing in healthy men. Osteoporosis 
international : a journal established as result of cooperation between the European 
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 
1998;8(3):222-30. 
255. Garrett-Mayer E, Wagner CL, Hollis BW, Kindy MS, Gattoni-Celli S. Vitamin D3 
supplementation (4000 IU/d for 1 y) eliminates differences in circulating 25-
hydroxyvitamin D between African American and white men. The American journal of 
clinical nutrition. 2012;96(2):332-6. 
256. Gopal-Kothandapani JS, Evans LF, Walsh JS, Gossiel F, Rigby AS, Eastell R, et al. 
Effect of vitamin D supplementation on free and total vitamin D: A comparison of 
Asians and Caucasians. Clinical endocrinology. 2019;90(1):222-31. 
257. Joh HK, Hwang SS, Cho B, Lim CS, Jung SE. Effect of sun exposure versus oral 
vitamin D supplementation on serum 25-hydroxyvitamin D concentrations in young 
adults: A randomized clinical trial. Clinical nutrition. 2020;39(3):727-36. 
258. Gallagher JC, Peacock M, Yalamanchili V, Smith LM. Effects of vitamin D 
supplementation in older African American women. The Journal of clinical 
endocrinology and metabolism. 2013;98(3):1137-46. 
259. Winzenberg T, van der Mei I, Mason R, Nowson C, Jones G. Vitamin D And the 
musculoskeletal health of older adults. Australian family physician. 2012;41:92-9. 
260. Chao Y-S, Brunel L, Faris P, Veugelers PJ. The importance of dose, frequency 
and duration of vitamin D supplementation for plasma 25-hydroxyvitamin D. Nutrients. 
2013;5(10):4067-78. 
261. Sattar N, Welsh P, Panarelli M, Forouhi NG. Increasing requests for vitamin D 
measurement: costly, confusing, and without credibility. The Lancet. 
2012;379(9811):95-6. 
262. Bilinski K, Talbot P. Vitamin d supplementation in australia: implications for the 
development of supplementation guidelines. J Nutr Metab. 2014;2014:374208. 
263. Bilinski K, Boyages S. Evidence of overtesting for vitamin D in Australia: an 
analysis of 4.5 years of Medicare Benefits Schedule (MBS) data. BMJ open. 
2013;3(6):e002955. 
264. Boyages SC. Vitamin D testing: new targeted guidelines stem the overtesting 
tide. The Medical journal of Australia. 2016;204(1):18. 
265. Gonzalez-Chica D, Stocks N. Changes to the frequency and appropriateness of 
vitamin D testing after the introduction of new Medicare criteria for rebates in 
Australian general practice: evidence from 1.5 million patients in the NPS 
MedicineInsight database. BMJ open. 2019;9(3):e024797. 



 

 125 

266. Gordon L, Waterhouse M, Reid IR, Neale RE. The vitamin D testing rate is again 
rising, despite new MBS testing criteria. Medical Journal of Australia. 2020;213(4):155-
.e1. 
267. Abbas S, Linseisen J, Rohrmann S, Beulens JWJ, Buijsse B, Amiano P, et al. 
Dietary vitamin D intake and risk of type 2 diabetes in the European Prospective 
Investigation into Cancer and Nutrition: the EPIC-InterAct study. European journal of 
clinical nutrition. 2014;68(2):196-202. 
268. Pittas AG, Dawson-Hughes B, Li T, Van Dam RM, Willett WC, Manson JE, et al. 
Vitamin D and calcium intake in relation to type 2 diabetes in women. Diabetes care. 
2006;29(3):650-6. 
269. Jönsson T, Granfeldt Y, Ahrén B, Branell U-C, Pålsson G, Hansson A, et al. 
Beneficial effects of a Paleolithic diet on cardiovascular risk factors in type 2 diabetes: 
a randomized cross-over pilot study. Cardiovascular diabetology. 2009;8(1):35. 
270. Patel PS, Sharp SJ, Luben RN, Khaw KT, Bingham SA, Wareham NJ, et al. 
Association between type of dietary fish and seafood intake and the risk of incident 
type 2 diabetes: the European prospective investigation of cancer (EPIC)-Norfolk 
cohort study. Diabetes care. 2009;32(10):1857-63. 
271. van Dam RM, Willett WC, Rimm EB, Stampfer MJ, Hu FB. Dietary fat and meat 
intake in relation to risk of type 2 diabetes in men. Diabetes care. 2002;25(3):417-24. 
272. Aune D, Ursin G, Veierød MB. Meat consumption and the risk of type 2 
diabetes: a systematic review and meta-analysis of cohort studies. Diabetologia. 
2009;52(11):2277-87. 
273. Tian S, Xu Q, Jiang R, Han T, Sun C, Na L. Dietary Protein Consumption and the 
Risk of Type 2 Diabetes: A Systematic Review and Meta-Analysis of Cohort Studies. 
Nutrients. 2017;9(9):982. 
274. Qi L, van Dam RM, Rexrode K, Hu FB. Heme iron from diet as a risk factor for 
coronary heart disease in women with type 2 diabetes. Diabetes care. 2007;30(1):101-
6. 
275. Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB. Glycemic index, 
glycemic load, and dietary fiber intake and incidence of type 2 diabetes in younger and 
middle-aged women. The American journal of clinical nutrition. 2004;80(2):348-56. 
276. Bhupathiraju SN, Tobias DK, Malik VS, Pan A, Hruby A, Manson JE, et al. 
Glycemic index, glycemic load, and risk of type 2 diabetes: results from 3 large US 
cohorts and an updated meta-analysis. The American journal of clinical nutrition. 
2014;100(1):218-32. 
277. Gikas A, Sotiropoulos A, Pastromas V, Papazafiropoulou A, Apostolou O, Pappas 
S. Seasonal variation in fasting glucose and HbA1c in patients with type 2 diabetes. 
Primary care diabetes. 2009;3(2):111-4. 
278. Sohmiya M, Kanazawa I, Kato Y. Seasonal Changes in Body Composition and 
Blood HbA<sub>1c</sub> Levels Without Weight Change in Male Patients With Type 2 
Diabetes Treated With Insulin. Diabetes care. 2004;27(5):1238-9. 
279. Doró P, Benkő R, Matuz M, Soós G. Seasonality in the Incidence of Type 2 
Diabetes. A population-based study. 2006;29(1):173-. 
280. Colas C, Garabedian M, Fontbonne A, Guillozo H, Slama G, Desplanque N, et al. 
Insulin secretion and plasma 1,25-(OH)2D after UV-B irradiation in healthy adults. 
Hormone and metabolic research = Hormon- und Stoffwechselforschung = Hormones 
et metabolisme. 1989;21(3):154-5. 



 

 126 

281. Scragg R, Wishart J, Stewart A, Ofanoa M, Kerse N, Dyall L, et al. No effect of 
ultraviolet radiation on blood pressure and other cardiovascular risk factors. Journal of 
hypertension. 2011;29(9):1749-56. 
282. Sartori C, Dessen P, Mathieu C, Monney A, Bloch J, Nicod P, et al. Melatonin 
improves glucose homeostasis and endothelial vascular function in high-fat diet-fed 
insulin-resistant mice. Endocrinology. 2009;150(12):5311-7. 
283. Marcheva B, Ramsey KM, Buhr ED, Kobayashi Y, Su H, Ko CH, et al. Disruption of 
the clock components CLOCK and BMAL1 leads to hypoinsulinaemia and diabetes. 
Nature. 2010;466(7306):627-31. 
284. Hart PH, Gorman S. Exposure to UV Wavelengths in Sunlight Suppresses 
Immunity. To What Extent is UV-induced Vitamin D3 the Mediator Responsible? The 
Clinical biochemist Reviews. 2013;34(1):3-13. 
285. Cannell JJ, Grant WB, Holick MF. Vitamin D and inflammation. Dermato-
endocrinology. 2014;6(1). 
286. Lee HJ, Kim CO, Lee DC. Association between daily sunlight exposure duration 
and diabetic retinopathy in Korean adults with diabetes: A nationwide population-
based cross-sectional study. PloS one. 2020;15(8):e0237149. 
287. Buhary BM, Almohareb O, Aljohani N, Alrajhi S, Elkaissi S, Sherbeeni S, et al. 
Association of Glycosylated Hemoglobin Levels With Vitamin D Status. J Clin Med Res. 
2017;9(12):1013-8. 
288. Green RT, Gambhir KK, Nunlee-Bland G, Odonkor WA, Ganta VA. Maintenance 
of long-term adequate levels of vitamin d lowers HbA1c in African American patients 
with type 2 diabetes. Ethnicity & disease. 2014;24(3):335-41. 
289. Mirhosseini N, Vatanparast H, Mazidi M, Kimball SM. The Effect of Improved 
Serum 25-Hydroxyvitamin D Status on Glycemic Control in Diabetic Patients: A Meta-
Analysis. The Journal of clinical endocrinology and metabolism. 2017;102(9):3097-110. 
290. Jiang X, Peng M, Chen S, Wu S, Zhang W. Vitamin D deficiency is associated 
with dyslipidemia: a cross-sectional study in 3788 subjects. Curr Med Res Opin. 
2019;35(6):1059-63. 
291. Skaaby T, Husemoen LL, Pisinger C, Jørgensen T, Thuesen BH, Fenger M, et al. 
Vitamin D status and changes in cardiovascular risk factors: a prospective study of a 
general population. Cardiology. 2012;123(1):62-70. 
292. Ponda MP, Dowd K, Finkielstein D, Holt PR, Breslow JL. The short-term effects 
of vitamin D repletion on cholesterol: a randomized, placebo-controlled trial. 
Arteriosclerosis, thrombosis, and vascular biology. 2012;32(10):2510-5. 
293. Li S, He Y, Lin S, Hao L, Ye Y, Lv L, et al. Increase of circulating cholesterol in 
vitamin D deficiency is linked to reduced vitamin D receptor activity via the Insig-
2/SREBP-2 pathway. Molecular nutrition & food research. 2016;60(4):798-809. 
294. Mensink RP, Organization WH. Effects of saturated fatty acids on serum lipids 
and lipoproteins: a systematic review and regression analysis. 2016. 
295. Bowen KJ, Harris WS, Kris-Etherton PM. Omega-3 Fatty Acids and 
Cardiovascular Disease: Are There Benefits? Curr Treat Options Cardiovasc Med. 
2016;18(11):69. 
296. Vikøren LA, Drotningsvik A, Bergseth MT, Mjøs SA, Mola N, Leh S, et al. Effects 
of baked and raw salmon fillet on lipids and n-3 PUFAs in serum and tissues in Zucker 
fa/fa rats. Food & nutrition research. 2017;61(1):1333395-. 



 

 127 

297. Chiesa G, Busnelli M, Manzini S, Parolini C. Nutraceuticals and Bioactive 
Components from Fish for Dyslipidemia and Cardiovascular Risk Reduction. Mar Drugs. 
2016;14(6). 
298. Wood PD, Stefanick ML, Dreon DM, Frey-Hewitt B, Garay SC, Williams PT, et al. 
Changes in plasma lipids and lipoproteins in overweight men during weight loss 
through dieting as compared with exercise. The New England journal of medicine. 
1988;319(18):1173-9. 
299. Brown JD, Buscemi J, Milsom V, Malcolm R, O'Neil PM. Effects on 
cardiovascular risk factors of weight losses limited to 5-10. Transl Behav Med. 
2016;6(3):339-46. 
300. Larrick BM, Kim K-H, Donkin SS, Teegarden D. 1, 25-Dihydroxyvitamin D 
regulates lipid metabolism and glucose utilization in differentiated 3T3-L1 adipocytes. 
Nutrition research. 2018;58:72-83. 
301. Chagas CE, Borges MC, Martini LA, Rogero MM. Focus on vitamin D, 
inflammation and type 2 diabetes. Nutrients. 2012;4(1):52-67. 
302. Dibaba DT. Effect of vitamin D supplementation on serum lipid profiles: a 
systematic review and meta-analysis. Nutrition reviews. 2019;77(12):890-902. 
303. Alzahrani SH, Baig M, Aashi MM, Al-shaibi FK, Alqarni DA, Bakhamees WH. 
Association between glycated hemoglobin (HbA1c) and the lipid profile in patients 
with type 2 diabetes mellitus at a tertiary care hospital: a retrospective study. 
Diabetes, metabolic syndrome and obesity: targets and therapy. 2019;12:1639. 
304. Rodriguez-Gutierrez R, Mancillas-Adame LG, Rodríguez-Tamez G, Diaz 
Gonzalez-Colmenero A, Solis-Pacheco RC, Elizondo-Plazas AS, et al. 
Hypertriglyceridemia and its association with HbA1c test: a prospective in vivo 
controlled study. International journal of endocrinology. 2019;2019. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 128 

Appendix 

Appendix A. NHMR Participant Information and Consent Form (PICF, version IV) 

University of Technology Sydney  
 
Participant Information Sheet and Consent Form 
Interventional Research 
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D Research 
Project Sponsor UTS  
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version IV   

Part I – What does my participation in the study involve? 
1 Introduction 
You are invited to take part in the research: The Role of Vitamin D in Controlling and 
Reducing Diabetes Mellitus Risks (D4D Research). Before you make your decision, we 
would like to help you to understand more about this study such as the purpose of the 
study, what it will involve and how your information will be used. Please take time to 
carefully read the following information. One of our research staffs will help you to go 
through this information sheet and answer any questions you may have. 
 
2 What is the purpose of this research? 
The D4D research is designed as a multi-centre, single-blinded, randomised study aims 
to evaluate the possible association between vitamin D and Type II Diabetes, and to see 
if the corrected vitamin D status could benefit patients with Type II Diabetes.  
 
3 Why have I been chosen? 
You have been chosen as a potential participant because you fulfil the following selection 
criteria:  
1) You are older than 18 years; 2) you have been diagnosed with Type II Diabetes in the 
past 12 months, and not on diabetic medication or insulin treatment; 3) Your vitamin D 
level from your recent blood test is between 28 nmol/l and 85 nmol/l and not on vitamin 
D supplements or any relevant medications (please note serum vitamin D 28-49 nmol/l 
is classified as vitamin D mild deficiency; 49 to 85 nmol/l is classified as vitamin D 
sufficient but will still be chosen for the reason of study sensitivity); 4) You do not have 
thyroid disease, liver disease, kidney disease, cancer, osteoporosis, dementia, mental 
disease or taking relevant medications; 5) You are not pregnant or breastfeeding.   
 
You would not be eligible for the current trial if you are:  
1) Unable to give written informed consent form or follow the research instructions; 2) 
Currently using a vitamin D supplement; 3) Have thyroid disease, liver disease, kidney 



 

 129 

disease, cancer, osteoporosis, dementia, mental health disorder or taking relevant 
medications; 4) Women who are pregnant or breastfeeding; 5) Vegan and cannot ingest 
any animal product.  
 
4 Do I have to take part in the research? 

The participation in the D4D research is completely voluntary. If you do decide to 
participate, you will be given this Participant Information Sheet & Consent Form (PICF) 
to sign, and given a copy to keep. You can change your mind later and withdraw from 
the study at any stage, for any reason.  
 
5 Other relevant information 
There will be a total of 20 to 140 participants involved in this study. Recruitment and 
assessment will be conducted in Earlwood Medical Centre and Bangor Medical Centre. 
A NATA (National Association of Testing Authorities, Australia) accredited pathology 
laboratory will conduct the blood test of vitamin D level and Diabetes biomarkers every 
three to six months. Data will be analysed in the University of Technology, Sydney.  
 
We strongly recommend that you inform your family doctor of your participation in this 
study. You can take your regular medicine as long as it was checked and approved by 
the research team. If you are having any diabetes-related medication or vitamin D 
supplements (including calcium and Vitamin D supplements) during the study period, 
please let out research team know and you may be excluded from the current study. If 
you would like to know more information, please visit our website www.d4dresearch.com 
or talk to our research team.  
 
6 What will happen to me if I take part? 
Once you make the decision, you will need to sign the Patient Information and Consent 
Form (PICF) and it has to be completed prior to any assessments being performed.  
 
Secondly, you will be randomly assigned to one of four treatment groups as: vitamin D 
supplement group, dietary intervention group, sun exposure group or wait-list control 
group. You would be known for which treatment you are receiving during the trial but the 
research staffs including the statisticians are blind to the treatment allocation i.e. which 
treatment group you are in and hence which treatment you are receiving. 
  
To be specific, if you are in the vitamin D supplement group, you will be given oral vitamin 
D supplementation with a dosage of 500 IU per day. If you are in the Diet group, you will 
be required to follow a dietary plan with help of an Accredited Practicing Dietitian to 
obtain 10-15 µg/d of vitamin D. If you are in the sun exposure group, you will be asked 
to expose about 15% of the body surface to obtain approximately 12.5 µg/d of vitamin D 
per day. No intervention will be given to the waitlist control group.  
 
The total time of your attendance in this study is 9 months. You are required to attend 
the initial baseline assessment, and the follow-up assessment on a monthly basis. 
Information collection would be conducted in each monthly assessment but the blood 
test will be only conducted at the baseline, 3rd month, and 9th month assessment. 
 
Please feel free to contact the research team if you experience any discomfort or an 
upsetting symptom, we would assess the problem and if necessary, cease your 
participation immediately and provide you with medical treatment if required.  
 
There are no additional costs associated with participating in this study, nor will you be 
paid. All tests and medical care required as part of the study will be provided to you free 
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of charge. However, you may be reimbursed $25 voucher for any reasonable travel, 
parking, meals and other expenses associated with the study visit. 
 
7 What do I have to do? 
As we mentioned before:  

• If you are in the vitamin D supplement group, you will need to take one tablet of 
vitamin D (500IU) per morning and you should keep a written record of 
supplement taken for the monthly assessment.  

 
• If you are in the dietary intervention group, please follow the dietary plan designed 

by the Accredited Practising Dietitian to obtain 10-15 µg/d of vitamin D from food 
and keep a dietary diary for the monthly assessment. Dietary diary could be 
recorded in paper form or through the smart phone application.  

 
• If you are in the sun exposure group, you will be required to expose approximately 

15% of your body surface (i.e. hands, face and arms) in sunlight for 3-11 minutes 
every day and to keep a sun exposure dairy for the monthly assessment.   

 
You are required to attend the initial baseline assessment, and the follow-up assessment 
on a monthly basis for 9 months. Information collection would be conducted in each 
monthly assessment but the blood test will be only conducted at the baseline, 3rd month, 
and 9th month assessment. 
 
Please note it is your responsibility and commitment for taking the research supplements, 
or following the dietary plan or sun exposure time; and attending the monthly assessment 
including a necessary blood test, in accord with the instructions provided. 
 
8 What will happen to my test samples? 
Your test sample including your data and blood sample will be collected in monthly 
assessment in Earlwood Medical Centre or Bangor Medical Centre. All information will 
be de-identified with a code to maintain the privacy or confidentiality and will later be 
analysed by research staff in University of Technology, Sydney.  

 
9 What are the possible benefits of taking part? 
Some possible benefits may include a corrected vitamin D level and a healthier lifestyle 
of diet and exercise, however we cannot guarantee or promise that you will receive any 
benefits from the D4D research. 
 
10 What are the side effects of the study medications? 
You may worry about the dosage of vitamin D used in the current D4D study. However 
the daily vitamin D dosage (500 IU/d) used in the study is set following the Adequate 
Intake (AI) of vitamin D in Australia and is considered as a safe level. Hence it is unlike 
to cause any side effects or symptoms by having this dosage through sun exposure, 
dietary change or supplementary intake.  
 
Participants in dietary intervention group may experience food allergy or intolerance by 
adding seafood or eggs into the daily meals, even if you are cleared from the allergy 
history at the initial screening. Please inform our research team if you experience any 
severe allergic reaction or food intolerance, we will assess the condition and provide 
allergy test or medical treatment if necessary, and will exclude you from the current study.  
 
11 What are the possible disadvantages and risks in taking part? 
If you have thyroid diseases, liver impairment, renal failure (eGFR <50 ml/min), cancer, 
osteoporosis, dementia or mental diseases and are taking any relevant medications, 
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study staff will exclude you from the study as they may interfere with diabetes and blood 
glucose control.  
 
If you become upset or distressed as a result of your participation in the research, the 
study staff is able to arrange the supportive counselling service or other appropriate 
support if necessary.  
 
FOR FEMALE PARTICIPANTS: Although vitamin D changes in the current study would 
not harmful to an embryo or foetus, you must not participate in this study if you are 
pregnant, or trying to become pregnant, or breastfeeding. If you do become pregnant 
whilst participating in this study you should advise your study doctor immediately. The 
research staff may withdraw you from the study and advise on further medical attention 
should this be necessary.  
 
12 What if new information becomes available? 
The study team will inform you if any new information becomes available and discuss 
with you whether you want to continue in the study. If you decide to withdraw, our study 
team will assist you on that and if you decide to continue with the study, you will be asked 
to sign an updated consent form. 
 
13 Can I have other treatments during this study project? 
Whilst you are participating in this study project, you may not be able to take some or all 
of the medications or treatments you have been taking for your condition or for other 
reasons. It is important to tell the research staff about any treatments or medications you 
are undertaking and going to take, including over-the-counter medications, vitamins or 
herbal remedies, acupuncture or other alternative treatments.  
 
You should also tell the research staff about any changes of these conditions or 
treatment during your participation in the research. The study staff will also advise you if 
the treatments or medications need to be stopped or advise your family doctor during 
the period you are in the study. 
 
14 What do I do if I wish to withdraw from the research? 
If you wish to withdraw from this study please advise the research team. You will be 
asked to sign a Withdrawal of Consent Form and your will be provided a copy of this 
form including the information sheet .  
 
The research staff will stop to collect additional information from you. A consent or 
arrangement of using your data will be sought from you. With the agreement from you; 
the data collected up to the time of withdrawing will be included in the study results. 
However you have your right to have your existed data removed, please contact the 
research team if you want to do so.  
 
15 Could this study be stopped unexpectedly? 
This study may be stopped unexpectedly for a variety of reasons including unacceptable 
side effects or decisions made in the interests by local regulatory/health authorities. 

 
16 What happens when the study ends? 
You don't need to follow the treatments i.e. vitamin D supplements, sun exposure time 
and meal plan when the study is finished. A study result summary can be provided upon 
the request once the study is completed, please contact the research team if you would 
like to have a copy of result summary.  
 
It is suggested to consult with your family doctor about the appropriate future treatment 
plan for your Diabetes condition after the study. 
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Part II – How is the study being conducted? 
17 What will happen to information about me?  
By signing the consent form, you consent to the relevant research staff of collecting and 
using personal information about you for the D4D study.  
 
All information and documentations will be identified by a code ID number only, to 
maintain your privacy and confidentiality. All local databases will be securely encrypted 
and password protected in an independent hard disk, which is only accessed by principal 
investigators. The hard disk will be backed up twice a month for data security. Study staff 
will be required to sign agreements to preserve the confidentiality of all participants. Your 
information will only be used for the purpose of this study project and it will only be 
disclosed with your permission, except as required by law.  
 
Participant files will be maintained in storage for a period of 7 years after completion of 
the study. At the end of the period, research data and primary materials will be disposal 
of either permanently by achieving or destroying. For any type of studies including sub-
studies, ancillary studies or any research outside of the D4D, which is using data or 
samples collected by the D4D, it will require a review and agreement from current 
principal investigator committee. 
 
For the purpose of this research, information about you may be obtained from your health 
records held at this and other health services. By signing the consent form you agree to 
the study team accessing health records if they are relevant to your participation in D4D 
study. Your health records and any information collected and stored by the study staff 
during the study may be reviewed (for the purpose of verifying the procedures and the 
data) by the UTS human research ethics committee, regulatory authorities, or as 
required by law. By signing the consent form, you authorise the release of, or access to, 
this confidential information as noted above. Information about your participation in this 
study may be recorded in your health records. 
 
The study results will be released to the participating physicians, referring physicians, 
and participants. It is anticipated that the results of this study will be published and or 
presented in a variety of public or professional forums. In any publication and/or 
presentation, information will be provided in such a way that you cannot be identified, 
except with your express permission.  
 
In accord with relevant Australian and/or NSW privacy and other relevant laws, you have 
the right to request access to your personal information collected and stored by the study 
team. You also have the right to request any information with which you disagree be 
corrected. Please contact the research team named at the end of this document if you 
would like to access your information. 
 
18 What if something goes wrong? 
Please contact our research team immediately if you suffer any side effects or 
complications including distress or psychological injury as a result of this study. Our 
research team will assist you for assessment and in arranging appropriate medical 
treatment if necessary.  
 
19 Who is organising and funding the research? 
This study is being mainly conducted by Ms Fay YU as part of her PhD study at the 
University of Technology, Sydney under the supervision of Associate Professor 
Christopher Zaslawsi and Adjunct Professor Danforn Lim. This study is being funded by 
the Australian Traditional Medicine Society (ATMS), which is a not-to-profit company.  
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20 Who has reviewed the study? 
This study has been reviewed and given approval by the UTS Human Research Ethics 
Committee. The conduct of this study at UTS and data collected from Earlwood Medical 
Centre and Bangor Medical Centre has been authorised by the UTS Human Research 
Ethics Committee. 
 
21 Further information and who to contact 
Please contact our research team if you would like any further information on this study . 
  
If you would like to talk to someone not directly involved with the study for any further 
information regarding your rights or should you wish to make a complaint to people 
independent of the study team, you may contact the UTS Ethics Secretariat on 02/9514 
9772 and quote the HREC reference number: ET16-0640.  
 
Question Who to contact Phone / Facsimile 

General questions or 
concerns during the 
study 

Study Coordinator 
 
 
 
Principal Investigators 
 
 

Ms. Fay YU  
02 9554 7788 
contact@D4Dresearch.com 

 
A/Prof Chris Zaslawski  
02 9514 7856 or 
chris.zaslawski@uts.edu.au 
 
Adj Prof Danforn Lim  
02 9554 7788 

Questions about the 
way the research is 
being conducted 

Principal Investigators 
 
 
 
Institutional Research 
Governance Officer 
 

A/Prof Chris Zaslawski  
02 9514 7856 or 
chris.zaslawski@uts.edu.au 
 
Adj Prof Danforn Lim  
02 9554 7788 

Questions regarding 
side effects 

Ms. Fay YU  Ms. Fay YU  
02 9554 7788 or 
contact@D4Dresearch.com 
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University of Technology Sydney  
 
 
PARTICIPANT CONSENT FORM 
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D study 
Project Sponsor UTS 
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version IV 

 

1. I have read the attached Participant Information Sheet outlining the nature and 

purpose of the research study and I understand what I am being asked to do. 

2. I have discussed my participation in this study with a member of the study team 

named below. I have had the opportunity to ask questions and I am satisfied with 

the answers I have received. 

3. I have been informed about the possible risks of taking part in this study. 

4. I consent to medical practitioners, other health professionals, hospitals or 

laboratories outside this institution releasing information concerning my condition 

and treatment which is needed for this study and understand that such 

information will remain confidential. 

5. I freely consent to participate in the research project as described in the attached 

Participant Information Sheet. 

6. I understand that my participation is voluntary and that I am free to withdraw at 

any time during the study without affecting my future health care. 

7. I understand that if I decide to discontinue the study treatment, I may be asked to 

attend follow-up visits to allow collection of information regarding my health status.  

Alternatively, the investigator/sponsor will request my permission to access my 

medical records for collection of follow-up information for research and analysis. 

 
 
 
Name of Participant  Signature of Participant  Date 
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Name of Witness to 
Participant’s Signature 

 Signature of Witness  Date 

*Witness is not to be the Investigator or member of the study team nor their delegate  
* Please note that in the event that an Interpreter is used, the Interpreter is not a witness to the consent process 
 

ALL WITNESSES MUST BE OVER 18 YEARS OF AGE 
 
 
 
Name of Witness to consent 
process (GCP Guidelines 4.8.9) 

 Signature of Witness  Date 

*Witness is not to be the Investigator or member of the study team nor their delegate  
* Please note that in the event that an Interpreter is used, the Interpreter is not a witness to the consent process 
 
 
 
 
Name of Investigator   Signature of Investigator  Date 

 
  

Participant will be provided with a copy of the Participant Information Sheet and this Consent Form 
All parties signing the Consent Form must date their own signature 
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University of Technology Sydney  
 
 
WITHDRAWAL OF PARTICIPATION  
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D study 
Project Sponsor UTS:  
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version IV  

 

I hereby wish to WITHDRAW my intent to participate further in the above research project 

and understand that such withdrawal will not jeopardise my future health care. 

 
 
Participant’s Name (printed)   

Signature   

Date   
 
 
In the event the participant decided to withdraw verbally, please give a description of the 
circumstances. Coordinating Investigator to provide further information here: 

 
 
 

 
Coordinating Investigator to sign the withdrawal of consent form on behalf of a participant 
if verbal withdrawal has been given: 
 
 

 
 

Participant’s Name (printed)   

Signature of Investigator   

Date   



 

 137 

Appendix B. NHMR Participant Information and Consent Form (PICF, version V 

for COVID 19) 

 University of Technology Sydney  
 
Participant Information Sheet and Consent Form 
Interventional Research 
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D Research 
Project Sponsor UTS  
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version V   

Part I – What does my participation in the study involve? 
22 Introduction 
You are invited to take part in the research: The Role of Vitamin D in Controlling and 
Reducing Diabetes Mellitus Risks (D4D Research). Before you make your decision, we 
would like to help you to understand more about this study such as the purpose of the 
study, what it will involve and how your information will be used. Please take time to 
carefully read the following information. One of our research staffs will help you to go 
through this information sheet and answer any questions you may have. 
 
23 What is the purpose of this research? 
The D4D research is designed as a multi-centre, single-blinded, randomised study aims 
to evaluate the possible association between vitamin D and Type II Diabetes, and to see 
if the corrected vitamin D status could benefit patients with Type II Diabetes.  
 
24 Why have I been chosen? 
You have been chosen as a potential participant because you fulfil the following selection 
criteria:  
1) You are older than 18 years; 2) you have been diagnosed with Type II Diabetes in the 
past 12 months, and not on diabetic medication or insulin treatment; 3) Your vitamin D 
level from your recent blood test is between 28 nmol/l and 85 nmol/l and not on vitamin 
D supplements or any relevant medications (please note serum vitamin D 28-49 nmol/l 
is classified as vitamin D mild deficiency; 49 to 85 nmol/l is classified as vitamin D 
sufficient but will still be chosen for the reason of study sensitivity); 4) You do not have 
thyroid disease, liver disease, kidney disease, cancer, osteoporosis, dementia, mental 
disease or taking relevant medications; 5) You are not pregnant or breastfeeding.   
 
You would not be eligible for the current trial if you are:  
1) Unable to give written informed consent form or follow the research instructions; 2) 
Currently using a vitamin D supplement; 3) Have thyroid disease, liver disease, kidney 
disease, cancer, osteoporosis, dementia, mental health disorder or taking relevant 
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medications; 4) Women who are pregnant or breastfeeding; 5) Vegan and cannot ingest 
any animal product.  
 
25 Do I have to take part in the research? 

The participation in the D4D research is completely voluntary. If you do decide to 
participate, you will be given this Participant Information Sheet & Consent Form (PICF) 
to sign, and given a copy to keep. You can change your mind later and withdraw from 
the study at any stage, for any reason.  
 
26 Other relevant information 
There will be a total of 20 to 140 participants involved in this study. Recruitment and 
assessment will be conducted in Earlwood Medical Centre and Bangor Medical Centre. 
A NATA (National Association of Testing Authorities, Australia) accredited pathology 
laboratory will conduct the blood test of vitamin D level and Diabetes biomarkers every 
three to six months. Data will be analysed in the University of Technology, Sydney.  
 
We strongly recommend that you inform your family doctor of your participation in this 
study. You can take your regular medicine as long as it was checked and approved by 
the research team. If you are having any diabetes-related medication or vitamin D 
supplements (including calcium and Vitamin D supplements) during the study period, 
please let out research team know and you may be excluded from the current study. If 
you would like to know more information, please visit our website www.d4dresearch.com 
or talk to our research team.  
 
27 What will happen to me if I take part? 
Once you make the decision, you will need to sign the Patient Information and Consent 
Form (PICF) and it has to be completed prior to any assessments being performed.  
 
Secondly, you will be randomly assigned to one of four treatment groups as: vitamin D 
supplement group, dietary intervention group, sun exposure group or wait-list control 
group. You would be known for which treatment you are receiving during the trial but the 
research staffs including the statisticians are blind to the treatment allocation i.e. which 
treatment group you are in and hence which treatment you are receiving. 
  
To be specific, if you are in the vitamin D supplement group, you will be given oral vitamin 
D supplementation with a dosage of 500 IU per day. If you are in the Diet group, you will 
be required to follow a dietary plan with help of an Accredited Practicing Dietitian to 
obtain 10-15 µg/d of vitamin D. If you are in the sun exposure group, you will be asked 
to expose about 15% of the body surface to obtain approximately 12.5 µg/d of vitamin D 
per day. No intervention will be given to the waitlist control group.  
 
The total time of your attendance in this study is 9 months. You are required to attend 
the initial baseline assessment, and the follow-up assessment on a monthly basis. 
Information collection would be conducted in each monthly assessment, but the blood 
test will be only conducted at the baseline, 3rd month, and 9th month assessment. 
 
Please feel free to contact the research team if you experience any discomfort or an 
upsetting symptom, we would assess the problem and if necessary, cease your 
participation immediately and provide you with medical treatment if required.  
 
There are no additional costs associated with participating in this study, nor will you be 
paid. All tests and medical care required as part of the study will be provided to you free 
of charge. However, you may be reimbursed $25 voucher for any reasonable travel, 
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parking, meals and other expenses associated with the study visit. 
 
28 What do I have to do? 
As we mentioned before:  

• If you are in the vitamin D supplement group, you will need to take one tablet of 
vitamin D (500IU) per morning and you should keep a written record of 
supplement taken for the monthly assessment.  

 
• If you are in the dietary intervention group, please follow the dietary plan designed 

by the Accredited Practising Dietitian to obtain 10-15 µg/d of vitamin D from food 
and keep a dietary diary for the monthly assessment. Dietary diary could be 
recorded in paper form or through the smart phone application.  

 
• If you are in the sun exposure group, you will be required to expose approximately 

15% of your body surface (i.e. hands, face and arms) in sunlight for 3-11 minutes 
every day and to keep a sun exposure dairy for the monthly assessment.   

 
You are required to attend the initial baseline assessment, and the follow-up assessment 
on a monthly basis for 9 months. Information collection would be conducted in each 
monthly assessment but the blood test will be only conducted at the baseline, 3rd month, 
and 9th month assessment. 
 
Please note it is your responsibility and commitment for taking the research supplements, 
or following the dietary plan or sun exposure time; and attending the monthly assessment 
including a necessary blood test, in accord with the instructions provided. 
 
*PLEASE NOTE WE HAVE MAKE FOLLOWING CHANGES AMID COVID-19 
Our monthly data collection of sun exposure, dietary intake and supplements intake will 
be completed with you remotely from home. Our research staff will contact you via phone 
calls or email to obtain the data monthly.  
However, for the blood test at the initial baseline, 3rd month and 9th month, you are 
required to attend the clinic’s pathology lab to complete the blood test. Our research staff 
will contact you before the blood test help to make appointments and explain the safety 
request in the medical centre and pathology laboratory and to understand and answer 
your concerns if you have any about COVID-19. Please feel free to contact our research 
staff if you decide not to proceed or delay with their blood test anytime. 
 
29 What will happen to my test samples? 
Your test sample including your data and blood sample will be collected in monthly 
assessment in Earlwood Medical Centre or Bangor Medical Centre. All information will 
be de-identified with a code to maintain the privacy or confidentiality and will later be 
analysed by research staff in University of Technology, Sydney.  

 
30 What are the possible benefits of taking part? 
Some possible benefits may include a corrected vitamin D level and a healthier lifestyle 
of diet and exercise, however we cannot guarantee or promise that you will receive any 
benefits from the D4D research. 
 
31 What are the side effects of the study medications? 
You may worry about the dosage of vitamin D used in the current D4D study. However 
the daily vitamin D dosage (500 IU/d) used in the study is set following the Adequate 
Intake (AI) of vitamin D in Australia and is considered as a safe level. Hence it is unlike 
to cause any side effects or symptoms by having this dosage through sun exposure, 
dietary change or supplementary intake.  
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Participants in dietary intervention group may experience food allergy or intolerance by 
adding seafood or eggs into the daily meals, even if you are cleared from the allergy 
history at the initial screening. Please inform our research team if you experience any 
severe allergic reaction or food intolerance, we will assess the condition and provide 
allergy test or medical treatment if necessary, and will exclude you from the current study.  
 
32 What are the possible disadvantages and risks in taking part? 
If you have thyroid diseases, liver impairment, renal failure (eGFR <50 ml/min), cancer, 
osteoporosis, dementia or mental diseases and are taking any relevant medications, 
study staff will exclude you from the study as they may interfere with diabetes and blood 
glucose control.  
 
If you become upset or distressed as a result of your participation in the research, the 
study staff is able to arrange the supportive counselling service or other appropriate 
support if necessary.  
 
FOR FEMALE PARTICIPANTS: Although vitamin D changes in the current study would 
not harmful to an embryo or foetus, you must not participate in this study if you are 
pregnant, or trying to become pregnant, or breastfeeding. If you do become pregnant 
whilst participating in this study you should advise your study doctor immediately. The 
research staff may withdraw you from the study and advise on further medical attention 
should this be necessary.  
 
33 What if new information becomes available? 
The study team will inform you if any new information becomes available and discuss 
with you whether you want to continue in the study. If you decide to withdraw, our study 
team will assist you on that and if you decide to continue with the study, you will be asked 
to sign an updated consent form. 
 
34 Can I have other treatments during this study project? 
Whilst you are participating in this study project, you may not be able to take some or all 
of the medications or treatments you have been taking for your condition or for other 
reasons. It is important to tell the research staff about any treatments or medications you 
are undertaking and going to take, including over-the-counter medications, vitamins or 
herbal remedies, acupuncture or other alternative treatments.  
 
You should also tell the research staff about any changes of these conditions or 
treatment during your participation in the research. The study staff will also advise you if 
the treatments or medications need to be stopped or advise your family doctor during 
the period you are in the study. 
 
35 What do I do if I wish to withdraw from the research? 
If you wish to withdraw from this study please advise the research team. You will be 
asked to sign a Withdrawal of Consent Form and your will be provided a copy of this 
form including the information sheet .  
 
The research staff will stop to collect additional information from you. A consent or 
arrangement of using your data will be sought from you. With the agreement from you; 
the data collected up to the time of withdrawing will be included in the study results. 
However you have your right to have your existed data removed, please contact the 
research team if you want to do so.  
 
36 Could this study be stopped unexpectedly? 
This study may be stopped unexpectedly for a variety of reasons including unacceptable 
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side effects or decisions made in the interests by local regulatory/health authorities. 
 

37 What happens when the study ends? 
You don't need to follow the treatments i.e. vitamin D supplements, sun exposure time 
and meal plan when the study is finished. A study result summary can be provided upon 
the request once the study is completed, please contact the research team if you would 
like to have a copy of result summary.  
 
It is suggested to consult with your family doctor about the appropriate future treatment 
plan for your Diabetes condition after the study. 
 
Part II – How is the study being conducted? 
38 What will happen to information about me?  
By signing the consent form, you consent to the relevant research staff of collecting and 
using personal information about you for the D4D study.  
 
All information and documentations will be identified by a code ID number only, to 
maintain your privacy and confidentiality. All local databases will be securely encrypted 
and password protected in an independent hard disk, which is only accessed by principal 
investigators. The hard disk will be backed up twice a month for data security. Study staff 
will be required to sign agreements to preserve the confidentiality of all participants. Your 
information will only be used for the purpose of this study project and it will only be 
disclosed with your permission, except as required by law.  
 
Participant files will be maintained in storage for a period of 7 years after completion of 
the study. At the end of the period, research data and primary materials will be disposal 
of either permanently by achieving or destroying. For any type of studies including sub-
studies, ancillary studies or any research outside of the D4D, which is using data or 
samples collected by the D4D, it will require a review and agreement from current 
principal investigator committee. 
 
For the purpose of this research, information about you may be obtained from your health 
records held at this and other health services. By signing the consent form you agree to 
the study team accessing health records if they are relevant to your participation in D4D 
study. Your health records and any information collected and stored by the study staff 
during the study may be reviewed (for the purpose of verifying the procedures and the 
data) by the UTS human research ethics committee, regulatory authorities, or as 
required by law. By signing the consent form, you authorise the release of, or access to, 
this confidential information as noted above. Information about your participation in this 
study may be recorded in your health records. 
 
The study results will be released to the participating physicians, referring physicians, 
and participants. It is anticipated that the results of this study will be published and or 
presented in a variety of public or professional forums. In any publication and/or 
presentation, information will be provided in such a way that you cannot be identified, 
except with your express permission.  
 
In accord with relevant Australian and/or NSW privacy and other relevant laws, you have 
the right to request access to your personal information collected and stored by the study 
team. You also have the right to request any information with which you disagree be 
corrected. Please contact the research team named at the end of this document if you 
would like to access your information. 
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39 What if something goes wrong? 
Please contact our research team immediately if you suffer any side effects or 
complications including distress or psychological injury as a result of this study. Our 
research team will assist you for assessment and in arranging appropriate medical 
treatment if necessary.  
 
40 Who is organising and funding the research? 
This study is being mainly conducted by Ms Fay YU as part of her PhD study at the 
University of Technology, Sydney under the supervision of Associate Professor 
Christopher Zaslawsi and Adjunct Professor Danforn Lim. This study is being funded by 
the Australian Traditional Medicine Society (ATMS), which is a not-to-profit company.  
 
41 Who has reviewed the study? 
This study has been reviewed and given approval by the UTS Human Research Ethics 
Committee. The conduct of this study at UTS and data collected from Earlwood Medical 
Centre and Bangor Medical Centre has been authorised by the UTS Human Research 
Ethics Committee. 
 
42 Further information and who to contact 
Please contact our research team if you would like any further information on this study . 
  
If you would like to talk to someone not directly involved with the study for any further 
information regarding your rights or should you wish to make a complaint to people 
independent of the study team, you may contact the UTS Ethics Secretariat on 02/9514 
9772 and quote the HREC reference number: ET16-0640.  
 
Question Who to contact Phone / Facsimile 

General questions or 
concerns during the 
study 

Study Coordinator 
 
 
 
Principal Investigators 
 
 

Ms. Fay YU  
02 9554 7788 
contact@D4Dresearch.com 

 
A/Prof Chris Zaslawski  
02 9514 7856 or 
chris.zaslawski@uts.edu.au 
 
Adj Prof Danforn Lim  
02 9554 7788 

Questions about the 
way the research is 
being conducted 

Principal Investigators 
 
 
 
Institutional Research 
Governance Officer 
 

A/Prof Chris Zaslawski  
02 9514 7856 or 
chris.zaslawski@uts.edu.au 
 
Adj Prof Danforn Lim  
02 9554 7788 

Questions regarding 
side effects 

Ms. Fay YU  Ms. Fay YU  
02 9554 7788 or 
contact@D4Dresearch.com 
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 University of Technology Sydney  
 
 
PARTICIPANT CONSENT FORM 
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D study 
Project Sponsor UTS 
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version V 

 

8. I have read the attached Participant Information Sheet outlining the nature and 

purpose of the research study and I understand what I am being asked to do. 

9. I have discussed my participation in this study with a member of the study team 

named below. I have had the opportunity to ask questions and I am satisfied with 

the answers I have received. 

10. I have been informed about the possible risks of taking part in this study. 

11. I consent to medical practitioners, other health professionals, hospitals or 

laboratories outside this institution releasing information concerning my condition 

and treatment which is needed for this study and understand that such 

information will remain confidential. 

12. I freely consent to participate in the research project as described in the attached 

Participant Information Sheet. 

13. I understand that my participation is voluntary and that I am free to withdraw at 

any time during the study without affecting my future health care. 

14. I understand that if I decide to discontinue the study treatment, I may be asked to 

attend follow-up visits to allow collection of information regarding my health status.  

Alternatively, the investigator/sponsor will request my permission to access my 

medical records for collection of follow-up information for research and analysis. 

 
 
 
Name of Participant  Signature of Participant  Date 
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Name of Witness to 
Participant’s Signature 

 Signature of Witness  Date 

*Witness is not to be the Investigator or member of the study team nor their delegate  
* Please note that in the event that an Interpreter is used, the Interpreter is not a witness to the consent process 
 

ALL WITNESSES MUST BE OVER 18 YEARS OF AGE 
 
 
 
Name of Witness to consent 
process (GCP Guidelines 4.8.9) 

 Signature of Witness  Date 

*Witness is not to be the Investigator or member of the study team nor their delegate  
* Please note that in the event that an Interpreter is used, the Interpreter is not a witness to the consent process 
 
 
 
 
Name of Investigator   Signature of Investigator  Date 

 

Participant will be provided with a copy of the Participant Information Sheet and this Consent Form 
All parties signing the Consent Form must date their own signature 
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 University of Technology Sydney  
 
 
WITHDRAWAL OF PARTICIPATION  
 
Title The Role of Vitamin D in Controlling and Reducing   

Diabetes Mellitus Risks 
Short Title D4D study 
Project Sponsor UTS:  
Principal Investigator Associate Professor Christopher Zaslawski 
Site University of Technology, Sydney  
Protocol  Protocol Version IV  

 

I hereby wish to WITHDRAW my intent to participate further in the above research project 

and understand that such withdrawal will not jeopardise my future health care. 

 
 
Participant’s Name (printed)   

Signature   

Date   
 
 
In the event the participant decided to withdraw verbally, please give a description of the 
circumstances. Coordinating Investigator to provide further information here: 

 
 
 

 
Coordinating Investigator to sign the withdrawal of consent form on behalf of a participant 
if verbal withdrawal has been given: 
 
 

 
 

Participant’s Name (printed)   

Signature of Investigator   

Date   

Participant will be provided with a copy of this Withdrawal of Consent Form 
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Appendix C. Ethics Committee Approval 

 
 

 
 
 
 
 
 
 
 

Fay YU <cherries.yu@gmail.com>

HREC Approval Granted - ETH16-0640

Research.Ethics@uts.edu.au <Research.Ethics@uts.edu.au> Thu, Jan 24, 2019 at 9:36 AM
To: Chris.Zaslawski@uts.edu.au, Xuefei.Yu@student.uts.edu.au, Research.Ethics@uts.edu.au

Dear Applicant

Thank you for your response to the Committee's comments for your project titled, "The Role of Vitamin D in
Controlling and Reducing Diabetes Mellitus Risks (D4D)". Your response satisfactorily addresses the concerns
and questions raised by the Committee who agreed that the application now meets the requirements of the
NHMRC National Statement on Ethical Conduct in Human Research (2007). I am pleased to inform you that
ethics approval is now granted.

Your approval number is UTS HREC REF NO. ETH16-0640.

Approval will be for a period of five (5) years from the date of this correspondence subject to the provision of
annual reports.

Your approval number must be included in all participant material and advertisements. Any advertisements on the
UTS Staff Connect without an approval number will be removed.

Please note that the ethical conduct of research is an on-going process. The National Statement on Ethical
Conduct in Research Involving Humans requires us to obtain a report about the progress of the research, and in
particular about any changes to the research which may have ethical implications. This report form must be
completed at least annually from the date of approval, and at the end of the project (if it takes more than a year).
The Ethics Secretariat will contact you when it is time to complete your first report.

I also refer you to the AVCC guidelines relating to the storage of data, which require that data be kept for a
minimum of 5 years after publication of research. However, in NSW, longer retention requirements are required for
research on human subjects with potential long-term effects, research with long-term environmental effects, or
research considered of national or international significance, importance, or controversy. If the data from this
research project falls into one of these categories, contact University Records for advice on long-term retention.

You should consider this your official letter of approval. If you require a hardcopy please contact
Research.Ethics@uts.edu.au.

To access this application, please follow the URLs below:
* if accessing within the UTS network: https://rm.uts.edu.au
* if accessing outside of UTS network: https://vpn.uts.edu.au , and click on " RM6 – Production " after logging in.

We value your feedback on the online ethics process. If you would like to provide feedback please go to:
http://surveys.uts.edu.au/surveys/onlineethics/index.cfm

If you have any queries about your ethics approval, or require any amendments to your research in the future,
please do not hesitate to contact Research.Ethics@uts.edu.au.

Yours sincerely,

Associate Professor Beata Bajorek
Chairperson
UTS Human Research Ethics Committee
C/- Research & Innovation Office
University of Technology, Sydney
E: Research.Ethics@uts.edu.au
I: https://staff.uts.edu.au/topichub/Pages/Researching/Research%20Ethics%20and%
20Integrity/Human%20research%20ethics/human-research-ethics.aspx
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Appendix D. Major Questionnaire (Version IV) 

 
QUESTIONNAIRE 
‘The Role of Vitamin D in Controlling and Reducing Diabetes Mellitus Risks (D4D)’  
Please note: All questions contained in this questionnaire are strictly confidential 
 Part I – PERSONAL INFORMATION 
 Name  
(Last, First, M.I.): 

                                                                              
M       F   Date of Birth:        

Marital status:  Single      Partnered      Married      Separated      Divorced      Widowed 
Current weight (kg):           Height (cm):        
Are you of Aboriginal or 
Torres Strait Islander 
origin?  

 Y     N 
Do you speak a language 
other than English at home? 
And if yes, what is it?                                                                

 Y     N 
      

In which country where you 
born?        What is your ancestry?       

    

Have your mother, father, 
brother(s), sister(s) ever 
had diabetes? 

 Y     N 

Have you taken any 
medications, supplements or 
vitamin for most of the last 4 
weeks?  
And if yes, what is it? 

 Y     N 
 
 
      

Has a doctor ever told you 
that you have (please 
circle): 
 

Skin cancer / melanoma / 
prostate cancer / heart diseases / 
high blood pressure/ stroke / 
diabetes / blood clot / asthma / 
depression / Parkinson’s 
diseases / none of these  

  

 
 
 
Part II. EXERCISE & SUN EXPOSURE  
 
All questions contained in this questionnaire are optional and will be kept strictly confidential. 
Exercise  Sedentary (No exercise) 

 Mild exercise (i.e., climb stairs, walk 3 blocks, golf) 
 Occasional vigorous exercise (i.e., work or recreation, less than 4x/week for 30 min.) 
 Regular vigorous exercise (i.e., work or recreation 4x/week for 30 minutes) 

 
 
 
 
Sun exposure  
 
 

 
PART III – DIETARY INFORMATION 

Diet Are you dieting?  Yes  No 

If yes, are you on a physician prescribed medical diet?  Yes  No 



 

 148 

# of meals you eat in an average day?       
Rank salt 
intake  Hi  Med  Low 

Rank fat 
intake  Hi  Med  Low 

Caffeine ¨ None  Coffee  Tea  Cola 
# of cups/cans per day?       

Alcohol Do you drink alcohol?  Yes  No 

If yes, what kind?       
How many drinks per week?       
Are you concerned about the amount you drink?  Yes  No 

Have you considered stopping?  Yes  No 

Have you ever experienced blackouts?  Yes  No 

Are you prone to “binge” drinking?  Yes  No 

Do you drive after drinking?  Yes  No 

 

 
 
 
 

24 HR FOOD RECALL 

Food or Beverage Items 

(List all foods and beverages for 
every meal and snack during the 
24-hr, including water, coffee, tea 
and any vitamins and supplements 
taken) 

Portion size 
(How many pieces, slices, 

spoon, tablespoon, cup or gram) 

How was it prepared? 
(was is it grilled, fried, boiled, 

steamed, light fired or raw?) 

Was anything added to it? 

Breakfast  

 

  

    

Morning tea  

 

  

    

Lunch  

 

 

  

    

Afternoon snack  

 

  

    

Dinner:  

 

 

  

    

Evening snack:  

 

  

    

Fluid intake including water / soup 
etc 
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Appendix E. Questionnaire - 3 Days Food Recall (Version IV) 
 

3-Day Food Recall1 
No. 
Meals  Time Date:   

Day 1 
Date:  
Day 2 

Date:  
Day 3 

Breakfast    

 

 

 

  

Morning tea     

Lunch     

Afternoon 
tea 

    

Dinner   

 

 

  

Supper      

Water  -    

 

 

 

Exercise  -    

 

 

 

Comments  -    
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Appendix F. Questionnaire – Vitamin D Specific Food Frequency Questionnaire 
(FFQ-VDQ)  
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Appendix G. External Organization Support Letter – Earlwood Medical Centre 

Production Note:
Signature removed
prior to publication.
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Appendix H. External Organization Support Letter – Bangor Medical Centre 

Production Note:
Signature removed prior to publication.
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Appendix I.  Recruiting Form for Study Therapist Use 
 
 

Recruitment Week  

no. 

Selection Criteria of D4D research  Legibility  Notes  

Date Name   
Medicare no 
Contact no 

1) Aged ≥ 18 
years old;  

2) Diagnosed 
with DM in the 
preceding 12 
months + NOT 
on diabetic 
medication or 
insulin 
treatment; 

3) Serum 25OHD 
is 28 - 85 nmol/l 
and NOT on 
vitamin D 
supplements or 
any relevant 
medications; 

4) Do NOT have 
thyroid diseases, liver 
impairment, renal 
failure, cancer, 
osteoporosis, 
dementia, mental 
diseases or taking 
relevant medications; 

5) NOT pregnant 
or breastfeeding 
women. 

6) NOT vegen 
and can ingest 
any animal 
product. 

YES / NO  
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Appendix J. Recruitment Flyer  
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Appendix K. Confidentiality Agreement (study therapists) 
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