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ABSTRACT 

Type-2 diabetes is a nationally growing health concern. Previous literature has implicated 

that vitamin D deficiency and type-2 diabetes are interconnected. At this time there are no 

guidelines in place to guide the evaluation or treatment of vitamin D deficiency in type-2 

diabetic patients. In order to create up to date guidelines for the treatment and evaluation of 

vitamin D deficiency in type-2 diabetic patients an integrative literature review was conducted 

using EMBASE, PubMed, and CINAHL. The literature review resulted in 44 articles that met 

the inclusion and exclusion criteria. The literature review resulted in the creation of five clinical 

recommendations. The most significant change to current clinical standards includes screening 

all type-2 diabetic patients for vitamin D deficiency. Vitamin D supplementation is not 

recommended for use in treating type-2 diabetes, diabetic complications, or preventing the 

progression from prediabetes to diabetes. However, type-2 diabetic patients with vitamin D 

deficiency should be treated with vitamin D supplementation to improve indirect health 

outcomes and prevent morbidity and mortality. 



 
 
 

 
10 

INTRODUCTION 

Type-2 diabetes is a growing national epidemic with nearly 1.7 million people newly 

diagnosed each year (American Diabetes Association, 2014). If the current trend continues, it is 

estimated that one out of three adults will be diagnosed with type-2 diabetes by the year 2050 

(Lazear & Kupustin, 2014). In 2010, type-2 diabetes was the seventh leading cause of death in 

the United States (American Diabetes Association, 2014). Patients diagnosed with type-2 

diabetes are at increased risk of developing complications and comorbid disease conditions, 

including hypoglycemia, hypertension, dyslipidemia, cardiovascular disease, myocardial 

infarction, stroke, blindness, and kidney disease (American Diabetes Association, 2014). In order 

to address this growing health disparity and improve patient outcomes, it is important to update 

the clinical guidelines related to the treatment and prevention of type-2 diabetes. Recent research 

literature has identified a link between vitamin D deficiency and type-2 diabetes (Kruel-Poel, 

2014). This research suggests that vitamin D may play a role in the progression of type-2 

diabetes in the adult population. In order to improve patient care modalities in treating patients 

with type-2 diabetes it is important to understand the relationship between vitamin D deficiency 

and its impact on the disease process.  

Background Knowledge 

Type-2 diabetes is a chronic disease caused by insulin resistance and relative impairment 

in insulin secretion (McCulloch & Robertson, 2016). Patients are diagnosed with type-2 diabetes 

mellitus based on the following findings: fasting plasma glucose greater than 126 mg/dL, 

hemoglobin A1C greater than 6.5 percent, two-hour plasma glucose greater than 200 mg/dL, or a 

random plasma glucose of greater than 200 mg/dL with the presence of symptoms (McCulloch & 
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Hayward, 2016). Patients at risk for type-2 diabetes include those with first-degree relatives with 

type-2 diabetes, patients older than 45 years, patients with a body mass index (BMI) greater than 

25, patients with dyslipidemia or hypertension, or those patients with a history of vascular 

disease (McCulloch & Hayward, 2016). The current treatment for patients with type-2 diabetes 

includes patient education, evaluation for micro- and macrovascular complications, minimizing 

cardiovascular risk, avoidance of drugs that lead to impaired glucose metabolism, and attempts 

to maintain a normal blood glucose level (McCulloch, 2016). It is important for patients with 

type-2 diabetes to maintain near normal blood sugar levels in order to reduce the risk of 

microvascular and macrovascular complications; therefore it is important to explore all possible 

methods for improving glucose control and insulin secretion (McCulloch, 2016). Recent 

literature has suggested that patients with vitamin D deficiency are at increased risk of 

developing microvascular diseases, such as diabetic peripheral neuropathy (Lv et al., 2014).  

Vitamin D deficiency has been identified as a growing health concern worldwide. It is 

estimated that approximately one billion people are deficient in vitamin D (Krul-Poel, 2014). 

The Endocrine Society’s Clinical Practice Guideline for the Evaluation, Treatment, and 

Prevention of Vitamin D Deficiency defines vitamin D deficiency as a serum circulating 25-

hydroxyvitamin D [25(OH)D] level below 20 ng/ml (500 nmol/liter), and vitamin D 

insufficiency as 25(OH)D between 21-29 ng/ml (525-725 nmol/liter) (Holick et al., 2011). The 

major causes of vitamin D deficiency are decreased intake or absorption, reduced sun exposure, 

decreased endogenous synthesis (within the liver and kidney from UVB exposure), end-organ 

resistance to vitamin D, and increased hepatic catabolism (Dawson-Hughes, 2016). Interestingly, 

patients with renal failure, often times a complication of uncontrolled type-2 diabetes, are at 
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higher risk of vitamin D deficiency due to decreased calcitriol (1,25 dihydroxyvitain D) 

production secondary to decreased glomerular filtration (Agus & Drezner, 2016). Furthermore, 

the link between type-2 diabetes and vitamin D deficiency is hypothesized to be due to vitamin D 

receptors (VDR) located on the pancreatic beta cells (Jorde et al., 2016).  The Endocrine 

Society’s Clinical Guidelines for the Evaluation, Treatment, and Prevention of Vitamin D 

Deficiency explains that most tissues in the body have VDR and these receptors influence the 

expression of one third of the human genome and chronic diseases, including colon cancer, 

breast cancer, pancreatic cancer, type 1 and 2 diabetes, rheumatoid arthritis, and Crohn’s disease 

(Holick et al., 2011). Additionally, the Endocrine Society’s Scientific Statement in 2012 explains 

that the relationship between vitamin D deficiency and type-2 diabetes has not been established 

by RCTs (Rosen et al., 2012). The scientific statement based their research findings on a meta-

analysis and systematic review of vitamin D and cardiovascular outcomes as well as a 

randomized control trial of the effect of calcium and vitamin D supplementation on the risk of 

diabetes in postmenopausal women (Rosen et al., 2012). The systematic review and meta-

analysis of 51 studies by Elamin et al. (2011) showed that there was no significant association 

between vitamin D level and glucose, lipid fractions, or blood pressure. The RCT conducted by 

de Boer et al. (2008) on the effects of calcium and vitamin D supplementation in postmenopausal 

women found that calcium and vitamin D supplementation did not reduce the risk of developing 

diabetes over a 7-year period. De Boer (2008) hypothesized that the results of this study may 

indicate that higher doses of vitamin D may be required for glucose control, as only 400 IU 

vitamin D was supplemented in this study. The Endocrine Society explained that most of the 

evidence as of 2012 shows correlational data that has revealed a relationship between type-2 
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diabetes and vitamin D deficiency based on observational and longitudinal studies. A review of 

more current research is indicated in order to gain a better understanding of the relationship 

between type-2 diabetes and vitamin D deficiency.  

Recent research studies have revealed that a deficiency in vitamin D also leads to 

decreased insulin secretion (Jorde et al., 2016). A systematic review and meta-analysis of 

prospective studies found that the baseline vitamin D status in healthy adults is inversely 

associated with the future risk of type-2 diabetes (Khan, Kunutsor, Franco, Chowdhury, 2013). 

Afzal, Bojensen, & Nordestgard (2013) conducted a prospective cohort study and meta-analysis 

that revealed that patients with low vitamin D levels were more likely to develop type-2 diabetes 

compared to a patient with normal levels of vitamin D.  

However, there is still conflicting research regarding the impact of vitamin D deficiency 

on type-2 diabetes. For example, a randomized controlled trial (RCT) was conducted to 

determine whether vitamin D supplementation improved glucose tolerance in type-2 diabetes, 

and the results did not support the notion that vitamin D improves insulin resistance (Jorde et al., 

2016). The lack of success in finding an improvement in glucose control in RCTs may be due to 

the short duration of the RCTs, as T2DM is a slowly progressing disease and effect of vitamin D 

supplementation on diabetes may take years to become evident (Jorde et al., 2016).  

A prospective cohort study and meta-analysis conducted by Afzal, Bojensen & 

Nordestgaard (2013) found that patients with decreased plasma vitamin D levels were found to 

have increased risk of type-2 diabetes. Furthermore, this study implicated the vitamin D status in 

two essential biologic processes of type-2 diabetes: insulin secretion and insulin resistance 

(Afzal, Bojensen & Nordestgaard, 2013). The findings of this study are similar to the findings 
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presented by Song et al. (2013), a meta-analysis that identified that low levels of circulating 

plasma vitamin D levels increased the risk of type-2 diabetes. Forouhi et al. (2012) also 

conducted a cohort study and meta-analysis on the relationship between type-2 diabetes and 

vitamin D status. The results of this study found a strong inverse relationship between low serum 

vitamin D levels and type-2 diabetes (Forouhi et al., 2012).  

Krul-Poel (2014) conducted a randomized placebo-controlled trial to determine the effect 

of vitamin D supplementation on the glycemic control in patients diagnosed with type-2 diabetes. 

Interestingly, there was no significant change in insulin resistance HOMA-IR, HOMA-B, fasting 

glucose, or fasting insulin levels in patients with type-2 diabetes and vitamin D deficiency who 

were treated with 50,000 IU D3 given once monthly (Krul-Poel, 2014). However, there was a 

significant change in A1C levels in patients with type-2 diabetes and severe vitamin D deficiency 

who were supplemented with the same dose of vitamin D3 after 6 months (Krul-Poel, 2014). 

This study revealed that patients with type-2 diabetes and severe vitamin D deficiency (less than 

30 nmol/l) saw improved A1C levels after supplementation of D3. Similarly, an open-label, 

within-subject, before-and-after prospective study found a 37% increase in insulin sensitivity in 

patients with impaired fasting glucose levels and vitamin D deficiency who were treated with 

10,000 IU D3 supplementation daily for 4 weeks (Nazarian et al., 2011).  

A meta-analysis of prospective studies by Song et al. (2013) was conducted to determine 

whether there is a relationship between plasma vitamin D level and type-2 diabetes. Fifteen 

studies were included in the meta-analysis and the results revealed that there is an inverse 

relationship between plasma vitamin D levels and the incidence of type-2 diabetes (Song et al., 

2013). The results of this meta-analysis conflict with the results of a randomized double-blind, 
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placebo-controlled trial of ethnic minorities with prediabetes and vitamin D deficiency. The 

results of this study showed no change in fasting plasma glucose levels or oral glucose tolerance 

test results after vitamin D levels were raised to 65-90 ng/mL (Davidson, Duran, Lee, & 

Freidman, 2013). 

Due to the conflicting research regarding the association between vitamin D deficiency 

and type-2 diabetes some researchers have studied whether there is a genetic component to the 

relationship. Wang et al. (2014) conducted a meta-analysis and systematic review to test the 

association between vitamin D binding protein (DBP) and the incidence of type-2 diabetes. The 

results of this study showed that there is no association between DBP and T2DM in Asians and 

Caucasians, however, studies done on Japanese and Pima Indians showed a relationship between 

DBP and T2DM (Wang et al., 2014). Similarly, Afzal et al. (2014) conducted a mendelian 

randomization study to determine whether low vitamin D levels are caused by a genetic variant 

that is also associated with the development of T2DM. The results of this study concluded that 

genotypes associated with high BMI are also associated with low vitamin D levels (Afzal et al., 

2014). Additionally, genetic variants to the DHCR7 and CYP2R1 are associated with increased 

risk of type-1 diabetes and low vitamin D levels (Afzal et al., 2014). 

A review of literature needs to be conducted in order to determine whether there is a 

association between vitamin D deficiency and type-2 diabetes. It is important to determine 

whether there is a connection between these two variables in order to improve care provided to 

patients with type-2 diabetes.  
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Relevance to Clinical Practice 

Clinical practice guidelines are “systematically developed statements to assist practitioner 

and patient decisions about appropriate health care for specific clinical circumstances and 

represent an attempt to distill a large body of health care knowledge into a convenient, readily 

usable format” (DiCenso, Ciliska, Dobbins, & Guyatt, p. 155, 2005).  At this time there are no 

clinical practice guidelines for the evaluation, treatment, or prevention of vitamin D deficiency in 

type-2 diabetes. In 2011 the Endocrine Society published clinical practice guidelines related to 

the evaluation, treatment, and prevention of vitamin D deficiency, which stated that “numerous 

epidemiological studies have suggested that a 25(OH)D blood level above 30 ng/ml may have 

additional health benefits in reducing the risk of common cancers, autoimmune diseases, type 2 

diabetes, cardiovascular disease, and infectious diseases” (Holick et al., p. 1925, 2011). This 

clinical practice guideline did not provide recommendations for the evaluation or treatment of 

vitamin D deficiency in patients with type-2 diabetes. Similarly, the Standards of Medical Care 

in Diabetes (2016) does not have recommendations for screening or treating vitamin D 

deficiency. However, an Endocrine Society Scientific Statement on The Nonskeletal Effects of 

Vitamin D published in 2012, discusses that there may be a relationship between vitamin D 

deficiency and type-2 diabetes, yet more research needs to be done (Rosen et al., 2012). At this 

time, the Endocrine Society and the American Diabetes Association do not have specific 

recommendations for screening or treating type-2 diabetic patients for vitamin D deficiency. 

Moreover, the U.S. Preventive Services Task Force (2014) states “no recommendation” for 

screening community-dwelling, nonpregnant, asymptotic adults over the age of 18, due to 
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insufficient evidence. Thus, there is no current recommendation for screening patients with type-

2 diabetes for vitamin D deficiency.  

Despite the lack of guideline recommendations for routine population screening of patients 

for vitamin D deficiency, there continues to be an increase in vitamin D testing (Tapley et al., 

2015).  The Medicare Benefits Schedule expenditure on vitamin D testing increased from $109.0 

million in 2009 to $151.1 million in 2012 (Boyages, 2016). A study conducted by Bilinski & 

Boyages (2013) on the evidence of over testing for vitamin D revealed that there is an 

unsustainable increase in vitamin D testing reflecting the growing awareness of the health 

consequences of vitamin D deficiency, however the lack of guidelines for vitamin D testing is 

responsible for inappropriate screenings. Without evidence-based clinical recommendations to 

guide screening practices for vitamin D deficiency in type-2 diabetes indiscriminant screening 

can occur, which is costly to the healthcare system as well as the patient population. In order to 

provide a rationale for screening type-2 diabetic patients for vitamin D deficiency, a current 

review of the literature should be performed to determine whether patients with type-2 diabetes 

are at increased risk of complications secondary to low vitamin D levels. By collecting current 

literature related type-2 diabetes and vitamin D deficiency it will be possible to formulate 

evidence-based practice recommendations for implementation into the clinical practice setting.  

Evidence-based nursing is at the core of the practice for a doctorally prepared family nurse 

practitioner. Evidence-based practice involves integrating the best evidence with clinical 

expertise and patient values into the decision making process at the clinical level (DiCenso, 

Ciliska, & Guyatt, 2005). DiCenso, Ciliska, & Guyatt (2005) explain that the term best evidence 

refers to methodologically sound and clinically relevant research about the effectiveness of 
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nursing interventions, accuracy of assessment measures, strength of causal relationships, and the 

power of prognostic markers. The key element of evidence-based practice is personalizing the 

evidence to fit a specific patient’s circumstances (DiCenso, Ciliska, & Guyatt, 2005).   

Purpose 

The purpose of this DNP project is to conduct an integrative review of current literature 

related to vitamin D deficiency and diabetes (HbgA1C, fasting blood glucose, random blood 

glucose, insulin levels, and diabetic complications), and develop recommendations for 

implementing this information into clinical practice. Acquiring information related to the 

relationship between vitamin D deficiency and type-2 diabetes will help guide several aspects of 

care provided to patients with type-2 diabetes. First, a review of the current literature will 

determine whether there is a relationship between vitamin D deficiency and the onset and 

progression of type-2 diabetes. A review of literature may also provide information on the effects 

of vitamin D deficiency on the progression of diabetic complications, such as peripheral 

neuropathy. Next, the data obtained in this literature review will provide health care providers 

with necessary information to guide screening vitamin D deficiency in type-2 diabetic patients. 

Lastly, a review of literature will determine whether there is sufficient evidence to recommend a 

change to current clinical practice guidelines related to type-2 diabetes and vitamin D deficiency. 

It is important to determine whether there is enough evidence to support the recommendations of 

routine screening of vitamin D deficiency in patients with type-2 diabetes. With the obesity 

epidemic at an all time high and an increasing number of patients diagnosed with type-2 diabetes 

it is imperative to examine all factors contributing to the progression of this chronic disease. If 

the current research reveals a connection between vitamin D deficiency and the progression of 
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insulin resistance it would provide valuable information to health care providers who routinely 

treat type-2 diabetic patients. The findings of this literature review could help guide the 

implementation of evidence based practice guidelines for type-2 diabetic patients.  

The review of literature will be conducted in the format of an integrative review of 

literature. An integrative review is a comprehensive methodological approach to reviewing 

literature related to a clinical problem using diverse methods (Souza, Silva, & Carvalho, 2010). 

An integrative review of literature will provide a study of the current information related to the 

relationship between vitamin D deficiency and type-2 diabetes. After the conducting the review 

of literature, clinical practice recommendations will be made based on the findings. Practitioners 

can use the results of the integrative review to guide changes to current clinical practice and 

improve care provided to patients with type-2 diabetes and vitamin D deficiency.  

Study Question 

Based on an integrative review of current literature, what is the relationship between 

type-2 diabetes and vitamin D deficiency and how can these results be applied to current practice 

standards for patients with type-2 diabetes? 

FRAMEWORK & SYNTHESIS OF EVIDENCE 

Theoretical Framework 

The theoretical framework that will be used to guide this DNP project is the ACE STAR 

Model of Knowledge Transformation. The ACE Star Model was developed by The Academic 

Center for Evidence-Based Practice as a model to guide the translation of comprehensive 

research into clinical practice (Stevens, 2013). The model guides both translation and 

implementation of research into clinical practice (Schaffer, Sandau, & Diedrick, 2012). This 
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model is based on a five-point star that conveys crucial steps to take when converting knowledge 

into practice (Stevens, 2013). The five points include: research discovery, evidence summary, 

translation into guidelines, practice integration, and process and outcome evaluation (Stevens, 

2013). See figure 1 for a depiction of the model created by Stevens (2012). This model offers 

benefits such as ease of use, due mainly to its close resemblance of the nursing process, and 

emphasizes the importance of knowledge transformation in advanced practice nursing-guided 

quality improvement projects (Schaffer, Sandau, & Diedrick, 2012). The goal of the ACE Star 

Model is knowledge transformation, defined as “the conversion of research findings from 

primary research results, through a series of stages and forms, to impact health outcomes by way 

of [evidence-based] care” (Gawlinski & Rutledge, p. 298, 2008).  

The first step in the ACE Star Model is discovery of knowledge. In the case of this DNP 

project, the discovery of research stage includes the research related to the practice question that 

has already been completed. This DNP project begins with the second point in the ACE Star 

Model, the summary of evidence. In the second point, a rigorous review process will be 

completed in the form of an integrative review of literature related to type-2 diabetes and vitamin 

D deficiency. Integrative reviews are successful at evaluating the strength of current scientific 

evidence and identifying gaps in current research in order to contribute to a body of knowledge 

(Russell, 2005). The third step is the translation of the evidence into clinical practice (Schaffer, 

Sandau, & Diedrick, 2012). The translation stage is aimed at suggesting changes to current 

clinical standards based on the findings of the research. It is in this step that the findings of the 

literature will be used to determine whether changes should be made to the current standards of 

care provided to patients with type-2 diabetes. In this DNP project specific clinical practice 
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recommendations will be made based on the results of the literature review. The fourth step is 

the integration of the recommended change into clinical practice (Schaffer, Sandau, & Diedrick, 

2012). The fourth step in the ACE Star Model is not part of this DNP project, however it remains 

an imperative part of the full implementation of the findings. The fourth step is the practice 

integration stage, which focuses on implementing the findings of this DNP project into clinical 

practice in the primary care setting. In this DNP project, recommendations for implementation at 

the local level will be discussed.  Lastly, the fifth step is the evaluation of the implemented 

clinical practice change based on its contribution to the quality of care (Schaffer, Sandau, & 

Diedrick, 2012). This step will not be completed within the realms of this DNP project, however 

this step remains an imperative part of the full implementation of the findings of this DNP 

project at the level of the clinical setting. The goal of this DNP project is to complete the second 

and third point within the ACE Star Model, and the expectation is that the fourth and fifth be 

completed at the local level of the clinical setting that implements the recommendations from 

this project. The ACE Star Model of Knowledge Transformation provides an organized and 

practical framework for implementing findings of this DNP project into clinical practice.  

Concepts 

When conducting an integrative review, it is important to maintain methodological rigor 

by objectively basing the research question on a theoretical framework with clear concepts, thus 

guiding all subsequent stages of the review (Soares et al., 2013). In understanding this DNP 

project it is important to define vitamin D deficiency, vitamin D insufficiency, vitamin D levels, 

vitamin D supplementation, type-2 diabetes, prediabetes, diabetic complications, insulin 

sensitivity, and insulin resistance.  



 
 
 

 
22 

According to The Endocrine Society, the definition of vitamin D deficiency is a 

circulating serum 25-hydroxyvitamin D [25(OH)D] level below 20 ng/ml (50 nmol/liter) (Holick 

et al., 2011). Vitamin D insufficiency is defined as a 25(OH)D level of 21-29 ng/ml (52.5-72.5 

nmol/liter) (Holick et al., 2011). For the purpose of this paper, plasma/serum vitamin D levels 

will be defined as the lab value of 25-hydroxyvitamin D [25(OH)D] measured by a reliable 

assay. At this time, it is not recommended by the Endocrine Society to use the 1,25-

dihydroxyvitamin D [1,25(OH)2D] lab assay when measuring serum vitamin D serum levels 

(Holick et al., 2011). In the event that a lab test other than the 25(OH)D test the lab test measures 

will be specified.  

Vitamin D supplementation is an important concept in this DNP project. Vitamin D is a 

fat-soluble vitamin that can be obtained through diet or via dermal synthesis from sunlight 

(Pazirandeh & Burn, 2016). Vitamin D plays a significant role in health because of its 

relationship with calcium homeostasis and bone formation (Pazirandeh & Burn, 2016). There are 

two different types of vitamin D supplementation: D3 (cholecalciferol) and D2 (ergocalciferol).  

Vitamin D2 is created from radiation of ergosterol plants, mold, and plankton (Pazirandeh & 

Burn, 2016). Vitamin D3 is synthesized in the skin of animals from UVB wavelengths and 

becomes 7-dehydrocholesterol, which then becomes previtamin D3, essentially becoming D3 

with further thermal isomerization (Tripkovic et al., 2012). Currently, both vitamin D3 

(cholecalciferol) and D2 (ergocalciferol) are available in the form of dietary supplements. In this 

DNP project vitamin D supplementation will be defined as either vitamin D3 or D2, as both 

forms are used in current clinical studies related to vitamin D deficiency and type-2 diabetes.  
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For the purpose of this DNP project, type-2 diabetes is used to describe the patient 

population of interest. This DNP project will include studies that include patients with type-2 

diabetes and prediabetes. Patients with type-2 diabetes are defined as those patients who have 

been diagnosed with type-2 diabetes by a health care professional based on clinical criteria. 

Patients with prediabetes are those patients who do not meet the diagnostic criteria of type-2 

diabetes but still have elevated blood glucose levels (American Diabetes Association, 2016). 

According to the American Diabetes Association (2016) patients are considered prediabetic with 

a fasting blood glucose level of 100-125 mg/dL or an A1C level of 5.7-6.4%. Patients with type-

2 diabetes and prediabetes are at risk for complications secondary to chronically elevated blood 

glucose levels (American Diabetes Association, 2016). For the purpose of this DNP project, 

diabetic complications will be defined as microvascular complications or macrovascular 

complications. Microvacular complications are complications that occur secondary to chronically 

elevated blood glucose levels that cause damage to blood vessels in the eyes, kidneys, and nerve 

tissues (Leontis & Hess-Fischl, 2014). The microvascular damage to vessels may lead to 

retinopathy, nephropathy, or peripheral neuropathy (McCulloch, 2016). Macrovascular 

complications are those that result from damage to larger vessels in the heart, brain, and systemic 

blood vessels (Leontis & Hess-Fischl, 2014; McCulloch, 2016). Macrovascular damage can 

result in ischemic heart disease, peripheral vascular disease, or cerebral vascular disease 

(McCulloch, 2016). Diabetic complications are a result of insulin resistance and decreased 

insulin sensitivity seen in patients with prediabetes and type-2 diabetes. Insulin resistance is 

defined as the inability of exogenous or endogenous insulin to increase glucose uptake and 
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utilization (Lebovitz, p.S135, 2001). According to the American Diabetes Association (2016), a 

person with low insulin sensitivity is considered to have insulin resistance. 

METHODS 

Design 

This DNP project will be an integrative review of current literature related to T2DM and 

vitamin D deficiency. The integrative review will be conducted in five stages: problem 

identification, literature search, data evaluation, data analysis, and presentation (Whittmore & 

Knafl, 2005). The integrative literature review differs from meta-analysis and systematic reviews 

because it allows for the inclusion of diverse methodologies (Whittmore & Knafl, 2005). Once 

the integrative review is completed the collected data will be used to create clinical 

recommendations for best practices for patients with type-2 diabetes in the primary care setting.  

Ethical Considerations 

Ethical principles of research include respect for human dignity, beneficence, and justice. 

The ethical principle of respect for human dignity includes the right to self-determination and the 

right to full disclosure (Polit & Beck, 2012). When conducting a literature review it is imperative 

to maintain respect for human dignity by ensuring that the research method fits the research 

question and the population of interest (Ellett, Lane, & Keffer, 2004). Respect for human dignity 

involves beneficence. The term beneficence refers to the researcher’s responsibility to minimize 

harm and maximize benefits (Polit & Beck, 2012). Researchers have an obligation to prevent and 

minimize harm (nonmaleficence) (Polit & Beck, 2012). When conducting an integrative 

literature review via online internet databases it is important to consider special ethical principles 

related to maximizing benefits and reducing harm. One method of reducing harm is by protecting 
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the integrity of the data to prevent misinterpretation of the research findings (Ellett, Lane, & 

Keffer, 2004). In order to make the findings of the literature review generalizable to a larger 

population it is important to ensure that data was collected with a systematic approach without 

bias. Additionally, self-selection may add bias to the literature review, and therefore should be 

avoided by ensuring a methodical approach to literature review with clear inclusion and 

exclusion criteria (Holmes, 2009). Justice is an ethical principle that includes taking into 

consideration a participant’s right to fair treatment and the participant’s right to privacy (Polit & 

Beck, 2012). When conducting a literature review it is difficult to ensure that all the participants 

in the study were fairly treated and their privacy protected. However, during the literature review 

it is important to consider whether the participants of the study were treated fairly and whether 

their privacy was ensured. Although ethics is rarely an issue when conducting literature reviews 

it is important to consider that meta-analysis and systematic reviews may be methods of 

publishing unethical research (Vergnes et al., 2010). For example, if some of the conclusions 

included in the literature review were obtained unethically the justice, beneficence, and respect 

for human dignity may be compromised.  

Setting 

 It is important to search more than one database, because searching a single database has 

not been shown to yield all available citations (Wilkins, Gillies, & Davies, 2005). According to 

Whittemore & Knafl (2005), in order to conduct a comprehensive literature search it is important 

to use at least 2-3 search strategies.   The literature search will take place through CINAHL Plus, 

PubMed, and Embase. CINAHL (Cumulative Index to Nursing and Allied Health Literature) is a 

database that contains over 3,000 journals and allows for advanced searching for a more fine 
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tuned literature review (Polit & Beck, 2012). The PubMed database was developed by the U.S. 

National Library of Medicine (NLM) and covers a wide variety of medical literature (Polit & 

Beck, 2012). PubMed contains over 5,000 medical, nursing, and health journals as well as 

abstracts from the Cochrane Collaboration (Polit & Beck, 2012). One of the benefits of choosing 

PubMed for this literature review is the availability of a controlled vocabulary called MeSH 

(Polit & Beck, 2012). By using MeSH you can retrieve information that may use different terms 

but still remain within the same concept (Polit & Beck, 2012). MeSH will be useful when 

searching for broad concepts such as type-2 diabetes. In addition to searching PubMed it is also 

important to expand the literature search within EMBASE. Wilkins, Gillies, & Davies (2005) 

found that EMBASE provided twice as many citations per search in comparison to PubMed. 

Although more citations do not necessarily correspond to higher-quality articles when 

conducting a literature review it is important to include as many relevant articles as possible. 

Therefore, searching in EMABSE, PubMed, and CINAHL Plus should yield a comprehensive 

collection of up-to-date citations.  

Search Terms and Data Collection 

It is important to have well-defined search strategies when conducting an integrative 

review, because incomplete or biased searches of literature will result in inaccurate results 

(Whittemore & Knafl, 2005). The search terms for the literature search will be “vitamin D 

deficiency,” and “type 2 diabetes.” The goal is to collect information related to vitamin D 

deficiency in the population of patients with prediabetes and type-2 diabetes. As previously 

discussed, while using MEDLINE: PubMed the MeSH feature enable searches to be conducted 

using concepts rather than keywords.  The MeSH terms that will be used in the literature review 
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include “vitamin D,” “vitamin D deficiency,” and “Diabetes mellitus, type 2.” After using these 

search terms in the database the number of articles will be recorded as well as the number of 

articles that were selected that met the inclusion criteria.  

Inclusion and Exclusion Criteria 

Determining a set of inclusion and exclusion criteria is imperative to the success of the 

integrative review (Whittemore & Knafl, 2005). Inclusion criteria for this project include 1) 

studies published during or after 2012, 2) studies including adult human subjects [age 18-64], 3) 

peer reviewed studies, and 4) quantitative studies (including RCTs, retrospective, prospective, 

meta-analyses, and systematic-reviews), 5) studies related to the connection or correlation 

between vitamin D and type-2 diabetes, 6) studies on the effects of vitamin D level on diabetic 

complications (microvascular and macrovascular). The following research articles will be 

excluded: 1) studies published before 2012, 2) non-human subjects, 3) non-peer reviewed 

literature, 4) qualitative studies and case studies, 5) articles related to bone complications (i.e. 

fractures), 6) population subgroups: bariatric surgery, psychiatric disorders, pregnancy, geriatric 

patients (older than 65), kidney disease, adolescents and children (under age 18), 7) studies in 

which sunlight is defined as a variable, and 8) studies conducted on only one race or ethnic 

group. 

It is important to only include studies published after 2012 because the Endocrine Society 

published clinical practice guidelines related to the evaluation, treatment, and prevention of 

vitamin D deficiency concluding that there was not enough evidence available to provide 

recommendations related to the benefit of vitamin D in preventing and treating chronic diseases 

such as T2DM (Holick et al., 2011). Including only studies published after 2012 will ensure that 
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the most current research is included in the integrative review. For this integrative review only 

studies involving human subjects will be included, as the results of the integrative literature 

review will be used to recommend best practices for care of adult (18-64 years old) human 

patients with T2DM in the primary care setting. Additionally, studies conducted on sub groups of 

patients with bariatric surgery, obesity, dialysis, psychiatric disorders, or pregnancy will be 

excluded from this study in order to make the results of this literature review generalizable to the 

population of type-2 diabetic patients. Similarly, due to the variable nature of sunlight exposure, 

studies that define sunlight as a variable of interest will be excluded.  

Plans for Data Analysis 

The integrative review is different than systematic reviews and meta-analysis because 

there is no specific extraction of methodological features of the primary studies (Whittemore & 

Knafl, 2005). The main goals of data analysis will be to conduct a “thorough and unbiased 

interpretation of primary sources, along with an innovative synthesis of the evidence” 

(Whittemore & Knafl, p.550, 2005). For this integrative review, with a diverse sampling frame 

and methodological variety, the following will be considered for evaluating the quality of each 

study:  

1. The credibility and accuracy of the results 

2.  The magnitude of the effects and the importance of the results 

3. The meaning of the result in relation to causality 

4. The generalizability of the results 

5.  Methodological quality 

6.  Representativeness of available primary sources 



 
 
 

 
29 

7. Informational value (Whittemore & Knafl, 2005; Polit & Beck, 2012).  

The following steps will be used when analyzing the data:  

1. Data reduction 

This step involves classifying the studies into subgroups based on the methodology 

(Whittemore & Knafl, 2005). For this DNP project the literature will be divided into the 

following subcategories: a) studies measuring the outcome of patients with type-2 

diabetes treated with vitamin D supplementation, b) studies testing the effect of vitamin 

D level on specific diabetic markers or diabetic complications, c) studies testing patients 

without diabetes (or with prediabetes) and their likelihood in developing diabetes based 

on vitamin D level, and d) studies using other methodologies to determine whether there 

is a relationship between vitamin D status and type-2 diabetes.   

2. Data display 

Displaying the data involves extracting the data from the individual sources into a visual 

pattern (Whittemore & Knafl, 2005). For this DNP project the data will be divided into 

the defined subgroups and key points will be compared in the form of a matrix created in 

Microsoft Word. See Appendix C for a depiction of the data extraction tool that will be 

used for this project.  

3. Data comparison 

The next step is data comparison, which involves examining the data displays in order to 

determine a pattern, theme, or relationship (Whittemore & Knafl, 2005). Elements of data 

comparison include: noting patterns and themes, seeing plausibility, clustering, counting, 
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making contrasts and comparisons, finding intervening factors, noting relations between 

variability, and discerning common and unusual patterns (Whittemore & Knafl, 2005).  

4. Conclusion drawing and verification 

After the data has been extracted, displayed, and compared the last step in the literature 

review is to draw conclusion and verify the results. During this step it is important to 

isolate patterns and identify commonalities and differences within the subgroups 

(Whittemore & Knafl, 2005). After each subgroup is analyzed completely the final step 

will be to synthesize an integrated summation of the topic (Whittemore & Knafl, 2005). 

This integrated summation of the topic will be used to make recommendations for 

application in clinical practice. In order to identify the strength of the recommendation 

the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

method will be utilized. The GRADE approach to grading the quality of evidence is a 

systematic and explicit approach to making decisions regarding the level of evidence that 

stands behind the clinical recommendations (GRADE Working Group, 2004). Unlike 

other systems used to grade the quality of evidence, the GRADE approach considers the 

benefits and harms of the clinical recommendation in addition to the quality of evidence 

and applicability (GRADE Working Group, 2004). Appendix B outlines the codes and 

level of evidence used within the GRADE method.  

RESULTS 

Literature Search Results 

The literature search took place in CINAHL Plus, PubMed, and EMBASE. In EMBASE 

filters for human subjects, English language, adults 18-64 years, and dates 2012-2016 were used 
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during the search. The search for “vitamin D deficiency” and “type-2 diabetes” yielded 176 

results; among those results 27 articles were found to meet the inclusion and exclusion criteria. 

In PubMed filters for human subjects, full-text, English, adults 19-44, adults 45-64, and date 

ranges 2012-2016 were used to search for articles. The search using MeSH terms for vitamin D 

deficiency and type-2 diabetes yielded 69 results. After selecting for those meeting the inclusion 

and exclusion criteria 13 articles were selected for evaluation. Lastly, the search in CINAHL 

Plus resulted in 19 articles after filtering for full-text, years 2012-2016, English, and adults 19-44 

and 45-65 years. Four articles were selected out of the 19 that met the inclusion and exclusion 

criteria.  

Data from the selected articles were extracted using the data extraction tables. After data 

extraction was performed, the articles were grouped based on previously determined groups. 

Group 1 contains articles that measure the (See Appendix E). Group 2 articles were divided into 

those studying the effect of vitamin D on diabetic markers (Group 2a [see Appendix F]), and 

those studying the effect of vitamin D levels on diabetic complications (Group 2b [see Appendix 

G]). Group 3 includes those studies that test patients without diabetes (or with prediabetes) and 

their likelihood of developing diabetes based on vitamin D level (see Appendix H). Group 4 was 

created for studies that did not fit into the previous groups. No studies were included in Group 4. 

Group 3 contains three studies, Group 2b contains 15 articles, Group 2a contains 16 articles, and 

Group 1 contains 10 articles.  
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Data Comparison 

Group 1: People with Type-2 Diabetes Treated with Vitamin D Supplementation 

Articles within group 1 include those that study the relationship between diabetes and 

vitamin D deficiency by supplementing subjects with vitamin D. Group 1 contains ten articles. 

Four of the studies were randomized double-blind placebo-controlled trials, one study used a 

before and after matched single blind study, three studies were classified as quasi-experimental 

studies, one meta-analysis and systematic review, and one was a prospective open-label clinical 

trial. Out of the four RCTs, one conducted by Kampmann et al. (2014) showed no benefit of 

vitamin D supplementation on diabetic lab markers after 12-weeks. This small RCT was 

conducted on a total of 16 subjects, with eight in each group (Kampmann et al., 2014). The 

power calculations for the study required 91 subjects for 80% power, which is a far contrast from 

the total of 16 that were used for this study (Kampmann et al., 2014). Although the study design 

allows for conclusion drawing in regard to causality, the significantly underpowered study 

decreases the validity and generalizability of the study results. In contrast, a RCT conducted by 

Elkassaby et al. (2014) showed a statistically significant improvement in fasting blood glucose 

and beta-cell function after 12-weeks. However, after six-months of treatment with vitamin D 

supplementation there was no significant change to the beta-cell function or fasting plasma 

glucose (Elkassaby et al., 2014). It is important to note that this study’s results are only 

generalizable to type-2 diabetics not using insulin therapy, as those subjects using insulin therapy 

were excluded (Elkassaby et al., 2014). This study was conducted on a total of 50 subjects, 26 

subjects given D3 supplementation and 24 subjects given a placebo supplement (Elkassaby et al., 

2014). Unlike the study conducted on by Kampmann et al. (2014), the study by Elkassaby et al. 
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(2014) contained a larger number of participants, thus increasing the power and validity of the 

study. Both studies concluded that there is no longer term (greater than three-months) benefit 

seen in diabetic markers in type-2 diabetics treated with vitamin D supplementation in the form 

of oral vitamin D3.  

The findings of Elkassaby et al. (2014) and Kampmann et al. (2014) are similar to the 

conclusions drawn from the RCT conducted by Rashidi et al. (2016), which studied 120 subjects 

and revealed no change to hemoglobin A1C, fasting plasma glucose, HOMA-IR, and 2-hour 

post-prandial glucose levels after vitamin D supplementation for 12-weeks. Rashidi et al. (2016) 

concluded that there was, however, a significant improvement in HOMA-b% seen after vitamin 

D supplementation. HOMA-b% is a calculation of beta-cell function based on an equation of 

calculating fasting glucose and fasting insulin levels (Rashidi et al., 2016). Although HOMA-b% 

levels improved significantly after supplementation of vitamin D, the RCT failed to show a 

change to other important diabetic markers, such as fasting plasma glucose, hemoglobin A1C, 

fasting insulin levels, and 2-hour post-prandial glucose levels (Rashidi et al., 2016). To support 

the findings of this article, a RCT by Dalan et al. (2016) found no significant improvement to 

hemoglobin A1C, fasting plasma glucose, lipids, and hs-CRP after supplementation of vitamin 

D3 to type-2 diabetics with vitamin D levels < 30ng/ml for 16-weeks.  

The findings of the RCTs reveal no significant benefit to diabetic lab markers after 

supplementation with vitamin D. The results of the RCT are contrasted with the findings of a 

before and after matched single blind study by Talaei et al. (2013) conducted on 100 subjects 

with type-2 diabetes. The study discovered that 50,000IU vitamin D3 given once per week 

caused a significant decrease in fasting plasma glucose, a decrease in insulin levels, and a 
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reduction in HOMA-IR levels (Talaei et al., 2013). Although a cause and effect relationship can 

be determined based on the study design, a placebo was not utilized in this study, therefore the 

placebo-effect cannot be ruled out as the main cause for the decrease in HOMA-IR, fasting 

plasma glucose, and insulin levels (Talaei et al., 2013). Another quasi-experimental study on the 

effects of vitamin D3 4500IU supplementation drops on diabetic markers showed a significant 

improvement in hemoglobin A1C and fasting blood glucose after two months of administration 

(Mohamad et al., 2015). The study did not find a significant change to lipid levels in the overall 

study group, however triglycerides were significantly decreased in women subjects after vitamin 

D supplementation (Mohamad et al., 2015). Similarly, to the study by Talaei et al. (2013), the 

study by Mohamad et al. (2015) there was no placebo control group, therefore the placebo-effect 

cannot be ruled out, therefore reducing the validity of the study. Given the lack of positive 

findings in RCTs to show an improvement in diabetic markers from vitamin D supplementation, 

and the lack of strong evidence and validity in quasi-experimental trials, current evidence does 

not suggest an improvement in diabetic markers with vitamin D supplementation. These findings 

are also confirmed by a systematic review and meta-analysis by George et al. (2012) that studied 

15 RCTs related to the relationship between type-2 diabetes and vitamin D supplementation. The 

meta-analysis resulted in eight studies that found that vitamin D supplementation did not 

improve glucose tolerance in type-2 diabetics, four studies revealed that vitamin D 

supplementation did not reduce hemoglobin A1C levels, six studies found that vitamin D 

supplementation did not change HOMA-IR or insulin levels in type-2 diabetics, and two studies 

found that vitamin D supplementation did not affect the progression from prediabetes to diabetes 

(George et al., 2012). The findings of this meta-analysis and systematic review are similar to the 
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findings of the previously discussed articles, with no significant improvement in diabetic 

markers secondary to vitamin D supplementation. 

Other studies included in this group tested the effect of vitamin D supplementation on 

diabetic health risks such as increased lipid levels. One of the quasi-experimental studies by 

Bonakdaran et al. (2013) tested the effect of vitamin D supplementation on lipid levels in type-2 

diabetics. The study found that vitamin D reduced the LDL, total cholesterol, and HDL levels 

significantly after supplementing type-2 diabetics with vitamin D insufficiency (< 30ng/ml) with 

vitamin D supplementation. Although the decrease in LDL and total cholesterol levels offers 

heart protective benefits for type-2 diabetics, the lower HDL levels raises the cardiovascular risk, 

making the results of this study ambiguous. It is difficult to conclude whether vitamin D 

supplementation has a beneficial effect in reducing cardiovascular risk based on the results of the 

quasi-experimental study. However, the RCT by Dalan et al. (2016) included lipid levels as a 

variable in the study and found no significant difference in the levels after 16 weeks of 

supplementation. Based on the findings from both the quasi-experimental study and the RCT 

there is not enough evidence available to suggest that vitamin D supplementation improved lipid 

levels in type-2 diabetics with vitamin D deficiency or insufficiency. 

Several studies tested the effect of vitamin D supplementation of the development or 

improvement of diabetic complications. The prospective open-label clinical trial by Basit et al. 

(2016) tested the effects of intramuscular vitamin D supplementation on painful diabetic 

neuropathy (PND). The study revealed that vitamin D supplementation significantly reduces the 

hemoglobin A1C level, increases HDL levels, and reduces the reporting of positive PND 

symptoms on the DN4 Neuropathic Pain Diagnostic Questionnaire and Short Form McGill Pain 
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Questionnaire (SFMPQ) (Basit et al., 2016).  Similarly, a quasi-experimental study by Saad et al. 

(2016) conducted on the effect of vitamin D supplementation on diabetic peripheral neuropathy 

(DPN) found there to be a significant improvement in nerve conduction studies conducted on the 

mild DNP group. However, there was no change to nerve conduction studies or the Toronto 

Clinical Neuropathy Scoring System (TCSS) in those with moderate or severe DPN (Saad et al., 

2016).  

Group 2a: Effect of Vitamin D Levels on Diabetic Markers 

There are 15 articles within Group 2a. Seven of the articles were conducted with a cross-

sectional design, four articles used case-control designs, one was a prospective cohort study, two 

used retrospective study designs, and one used a comparative study design.  

A prospective cohort study conducted by Husemoen et al. (2012) followed subjects 

within the Danish Monitoring Trends and Determinants of Cardiovascular Disease (MONICA) 

to determine whether there was a relationship between subjects with diabetes and vitamin D 

level. The study found that the serum level of vitamin D was inversely associated with the 

incidence of diabetes (Husemoen et al., 2012). The study also found that there was a strong 

effect of low vitamin D levels in diabetic subjects with cardiovascular disease (Husemoen et al., 

2012). This study’s limitations include the inability to draw conclusions on the causality of the 

variables due to the study design; however, the large sample size and long follow up period of 

16.4 years increases the validity of the study.  

A cross-sectional observational study by Zoppini et al. (2013) was conducted on 715 

subjects with type-2 diabetes to determine whether there is a relationship between hemoglobin 

A1C and fasting plasma glucose and vitamin D levels. The study found there to be a significant 
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inverse relationship between A1C level and serum vitamin D levels, but no correlation between 

fasting plasma glucose levels and vitamin D levels (Zoppini et al., 2013). The study also found 

that there was a significant decline in vitamin D levels in subjects with A1C levels greater than 

9%, even after adjusting for body mass index (BMI) and duration of diabetes (Zoppini et al., 

2013). The findings of this study are similar to results found by Tohidi et al. (2013) in a 

community based nested case-control study and found by Estaghamati et al. (2014) in the 

matched case-control study. These studies revealed that subjects with type-2 diabetes have 

significantly lower levels of vitamin D when comparing the vitamin D level to diabetic lab 

markers such as hemoglobin A1C, HOMA-IR, and fasting blood glucose (Tohidi et al., 2013; 

Estaghmati et al., 2014).  

Similar conclusions were drawn from studies by Yang et al. (2016), Siddigui et al. 

(2016), Kostoglou-Athanassiou et al. (2013), Cimbeck et al. (2013), Calvo-Romero et al. (2015), 

Bachali et al. (2013), Bashir et al. (2016), Al-Saweer et al. (2015), and Bayani et al. (2014). 

These studies used cross-sectional and case-control designs to show that subjects with type-2 

diabetes have significantly lower vitamin D levels, often times compared to age and gender 

matched controls. For example, Cimbeck et al. (2013) studied 101 subjects with type-2 diabetes 

and 60 age and gender matched controls to determine the relationship between vitamin D plasma 

levels and HOMA-IR, A1C, BMI, and fasting insulin. The study found that vitamin D levels 

were negatively correlated with A1C, HOMA-IR, and fasting insulin levels, and lower vitamin D 

levels were seen in patients with type-2 diabetes (Cimbeck et al., 2013). However, one limitation 

of this study was that duration of diabetes was not taken into consideration. On the other hand, a 

cross-sectional study by Kostoglou-Athanassiou et al. (2013) studied 120 type-2 diabetic patients 
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and 120 healthy controls found that vitamin D levels were lower in type-2 diabetic patients, with 

63.3% of type-2 diabetic patients with vitamin D insufficiency (<30ng/ml) compared to 23.3% of 

controls. The study also found an inverse relationship between A1C level and vitamin D level, 

independent of duration of diabetes (Kostoglu-Anthanssiou et al., 2013). A retrospective study 

by Olt (2015) found a much higher percentage of type-2 diabetic subjects with vitamin D 

deficiency after studying 128 subjects. The study found that 98.3% of subjects with type-2 

diabetes had vitamin D deficiency, however this study was unable to find an association between 

vitamin D levels and A1C levels (Olt, 2015). This study’s retrospective design carries several 

limitations, such as an inability to control cofounding factors of vitamin D, such as sunlight, diet, 

and medication use. Yet the inability to find a correlation between vitamin D levels and diabetic 

markers was concluded by another retrospective study by Uslugullari et al. (2015). The study 

was conducted on 557 type-2 diabetic patients and 112 healthy controls, and showed that there 

was no significant difference between vitamin D concentration within the type-2 diabetic group 

versus the control group. However, this study did conclude that there were lower levels of 

vitamin D seen in patients with type-2 diabetes and nephropathy and in type-2 diabetics not 

taking anti-diabetic medications (Uslugullari et al., 2015). This study also has several limitations, 

including the inability to obtain all necessary information due to retrospective design, and 

inability to control cofounding variables.  

Ten of the studies used cohort prospective designs and studied 4,577 subjects and showed 

a correlation between incidence of low vitamin D level and diabetic lab markers. Two 

retrospective studies failed to show a correlation between diabetic lab markers or incidence of 

type-2 diabetes and vitamin D levels. Three case-control studies showed that vitamin D levels 
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were lower in patients with type-2 diabetes. Prospective study designs carry a higher levels of 

evidence compared to retrospective studies, see Appendix I for a depiction of the levels of 

evidence. Based on the large number of studies that showed a significant correlation between 

vitamin D deficiency in type-2 diabetic patients it can be concluded type-2 diabetic patients have 

a high incidence of vitamin D deficiency.  

Group 2b: Effect of Vitamin D Levels on Diabetic Complications 

Group 2b consists of 16 articles that focus on the effect of vitamin D on diabetic 

complications. This group contains 13 cross-sectional studies, five of which use a case-control 

study design. Three of the articles use prospective study designs. Prospective study designs 

provide a higher quality of evidence compared to retrospective and case-control study designs.  

A nested-case control prospective study conducted by Hermann et al. (2015), as part of 

the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) RCT, studied 9,795 

subjects, 4,560 subjects with vitamin D levels greater than 20ng/ml and 4,964 subjects with 

levels less than 20ng/ml to determine the relationship between vitamin D level and incidence of 

microvascular and macrovascular diabetic complications. The study found there to be an inverse 

relationship between vitamin D levels and the incidence of diabetic complications (Hermann et 

al., 2015). The study found that higher vitamin D levels reduced the incidence of macrovascular 

disease by 20% and microvascular disease by 18% (Hermann et al., 2015). Hermann et al. (2015) 

confirmed that vitamin D levels independently predicted macrovascular and microvascular 

complications after a five-year follow-up. Results from this study are similar to the findings by 

Jung et al. (2016) in a cross-sectional study of 257 type-2 diabetic subjects. This study found that 

vitamin D levels less than 10 ng/ml were significantly associated with increased incidence of 
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diabetic neuropathy (Jung et al., 2016). Ahmadieh et al. (2013) also found that low vitamin D 

levels were independent predictors for diabetic neuropathy, retinopathy, and A1C levels in type-

2 diabetic patients. Ahmadieh et al. (2013) hypothesized that vitamin D deficiency may 

potentiate nerve damage in type-2 diabetics, which may lead to increased risk of developing 

neuropathy.  

Cardiovascular risk factors. Patients with type-2 diabetes are at increased risk of 

developing cardiovascular disease (Lee et al., 2012). It is estimated that over half of patients with 

type-2 diabetes die from cardiovascular disease (Lee et al., 2012). A prospective open-cohort 

study by Heidari et al. (2015) conducted a study on 2,607 subjects with type-2 diabetes and 

3,286 healthy control subjects to determine whether vitamin D level impacted the incidence of 

coronary heart disease (CHD) outcomes in patients with diabetes. The study found that 299 

patients with type-2 diabetes developed CHD at the 8.5 year follow up (Heidari et al., 2015). The 

study also found that type-2 diabetics with the lowest vitamin D levels (<13.4ng.ml) experienced 

more CHD events, including angina pectoris, myocardial infarction, and coronary insufficiency 

(Heidari et al., 2015). Furthermore, the incidence of CHD events significantly decreases as the 

level of serum vitamin D increases (Heidari et al., 2015). Researchers believe that the results are 

due to vitamin D’s effect on improving endothelial function, decreasing vascular stiffness, and 

preventing and coronary calcification (Heidari et al., 2015). This study contains powerful 

information in the importance of understanding the risks of low vitamin D levels in patients with 

type-2 diabetes. This study has a high quality of evidence (see Appendix I) with a large sample 

size. Although causality cannot be determined based on the study design, it remains an important 

piece in helping determine the effect of low vitamin D levels on diabetic complications.  
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Hyperglycemia secondary to type-2 diabetes increases the risk of developing systemic 

atherosclerosis, which increases the risk for morbidity and mortality from cardiovascular disease 

(Lee et al., 2012). A cross-sectional study conducted by Lee et al. (2012) tested the arterial 

stiffness in 305 type-2 diabetic patients to determine whether vitamin D levels were correlated 

with this early marker of atherosclerosis. The study found that vitamin D levels in type-2 diabetic 

patients correlated with arterial stiffness after adjusting for age and blood pressure (Lee et al., 

2012). The cross-sectional study design does not allow for determination of cause-and-effect of 

the studied variables, however it determined that vitamin D levels significantly correlated with 

arterial stiffness, measured by pulse wave velocity (Lee et al., 2012). The results of this study are 

congruent with the findings from Heidari et al. (2015) and Husemoen et al. (2012), which 

determined that low vitamin D levels in type-2 diabetics correlated with increased risk of 

developing cardiovascular disease. Similarly, a cross-sectional study by Al-Said et al. (2015) 

conducted on 78 type-2 diabetic patients tested the carotid artery intima-media thickness (CIMT) 

to determine whether there is a correlation between incidence of premature atherosclerosis and 

vitamin D level in type-2 diabetes. The CIMT is a measurement of the thickness of the carotid 

artery and is used as a reliable marker for generalized atherosclerosis (Al-Said et al., 2015). The 

study revealed that patients with low vitamin D levels had increased CIMT measurements, after 

adjusting for lipid levels, which increases the risk of developing cardiovascular disease (Al-Said 

et al., 2015). Based on the cross-sectional study design it is difficult to determine whether 

improved vitamin D levels would decrease the risk of arterial stiffness in type-2 diabetics, as 

causality cannot be determined. However, other studies, such as the one by Joergensen et al. 

(2012) also suggest that type-2 diabetics with low vitamin D levels were at increased risk of 
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developing cardiovascular disease. Joergensen et al. (2012) studied 200 type-2 diabetics with 

elevated albumin excretion rate to determine whether these high risk patients with low vitamin D 

levels have high incidences of asymptomatic coronary artery disease (CAD). The study showed 

that severe vitamin D deficiency was associated with subclinical CAD in type-2 diabetic patients 

with no history of CAD. Li et al. (2015) also showed that low vitamin D levels were found in 

type-2 diabetic patients with peripheral artery disease (PAD) in a cross-sectional study of 1,028 

type-2 diabetics.  

Cardiovascular autonomic nerve fiber dysfunction is a diabetic complication 

characterized by exercise intolerance, orthostatic hypotension, silent myocardial infarction, and 

increased risk of mortality secondary to cardiovascular dysfunction (Maser et al., 2015). 

Autonomic neuropathy often times occurs in conjunction with peripheral neuropathy (Maser et 

al., 2015). A cross-sectional study by Maser et al. (2015) studied 50 diabetic patients to 

determine the relationship between cardiovascular autonomic function and vitamin D 

insufficiency (<30ng/ml). The study found that vitamin D insufficiency in type-2 diabetic 

patients was associated with reduced parasympathetic function, thus increasing the risk for 

cardiovascular complications. The results of this study are similar to the results found in a 

retrospective cross-sectional study by Jung et al. (2015). The study tested 163 subjects with type-

2 diabetes and found that those subjects with vitamin D levels between 10-20 ng/ml had lower 

risk of developing cardiac autonomic neuropathy compared to those subjects with vitamin D 

levels less than 10ng/ml (Jung et al., 2015). The study by Maser et al. (2015) was able to find a 

correlation between cardiovascular autonomic neuropathy with levels less than 30 ng/ml, 

whereas the study by Jung et al. (2015) was unable to find a correlation to vitamin D levels 
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greater than 10ng/ml. Therefore, these study yield conflicting results on the relationship between 

vitamin D level and cardiovascular autonomic nerve fiber function.  

Although cross-sectional study designs have limitations, including inability to control all 

confounding variables and indetermination of causality of variables, the information obtained 

from these studies show that type-2 diabetic patients with low vitamin D levels may be at 

increased risk of developing adverse cardiovascular complications, such as PAD and CAD. 

However, at this time the effects of vitamin D supplementation on the risk of developing 

cardiovascular complications remains unknown, as no RCTs have been conducted. Furthermore, 

based on the conflicting evidence it is unclear whether vitamin D plays a significant role in the 

development of cardiovascular autonomic nerve fiber dysfunction.  

Retinopathy. Diabetic retinopathy is one of the most common microvascular 

complications experienced by diabetics (Reddy et al., 2015). Furthermore, diabetic retinopathy is 

one of the leading causes of blindness worldwide (Reddy et al., 2015). Four cross-sectional case-

controlled articles studied the relationship between diabetic retinopathy and vitamin D levels. A 

study by Alcubierre et al. (2015) tested 139 type-2 diabetics with retinopathy and 144 type-2 

diabetic subjects without retinopathy and found that patients with retinopathy had longer 

duration of diabetes, higher A1C levels, and were more likely to have hypertension controlled 

with medication. The study also showed that the type-2 diabetics patients have lower vitamin D 

levels, with levels below 15 ng/ml showing the highest risk of retinopathy (Alcubierre et al., 

2015). After dividing patients based on the severity of retinopathy it was found that patients with 

the more severe cases of retinopathy (76 subjects) had significantly lower levels of vitamin D 

(Alcubierre et al., 2015). However, there was no significant difference in vitamin D levels 
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between subjects with mild diabetic retinopathy and type-2 diabetic controls (Alcubierre et al., 

2015). Khan et al. (2015) found similar results when studying 50 type-2 diabetic patients with 

retinopathy and 50 type-2 diabetic subjects without retinopathy. The study found that retinopathy 

was 18 times more common in patients with low vitamin D levels, independent of fasting blood 

glucose levels (Khan et al., 2015). The study also confirmed that low vitamin D levels were 

significantly associated with poorer glycemic control (Khan et al., 2015). Payne et al. (2012) also 

found that vitamin D levels were lower in type-2 diabetic patients with proliferative diabetic 

retinopathy compared to subjects without diabetes or ocular disease.  

Reddy et al. (2015) studied the correlation between vitamin D levels and incidence of 

retinopathy but used healthy non-diabetic controls in a case-controlled cross-sectional study on 

164 type-2 diabetic patients, 82 with retinopathy and 82 without retinopathy, and 99 healthy 

control subjects. Results of this study differed from those found by Alcubierre et al. (2015), 

Khan et al. (2015), and Payne et al. (2012) and showed that vitamin D levels were not associated 

with retinopathy, however the vitamin D level was associated with glucose level, A1C, diabetes 

duration, independent of age and BMI (Reddy et al., 2015). This study explains that although 

vitamin D levels did not correlate with incidence of retinopathy vitamin D levels in type-2 

diabetic patients were significantly lower. Unlike the study by Alcubierre et al. (2015) this study 

did not divide patients by severity of diabetic retinopathy. Alcubierre et al. (2015) found no 

correlation between vitamin D level and mild diabetic retinopathy, therefore suggesting the 

relationship between vitamin D levels and diabetic retinopathy may be dependent on the severity 

of diabetic retinopathy. Researchers believe that vitamin D may play a role in the development of 
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diabetic retinopathy through its effect on immunity pro-inflammatory cytokine markers such as 

TNF-alpha, TNF-beta, and plasminogen activator inhabibot-1 (Payne et al., 2012). 

Other diabetic complications. In addition to diabetic retinopathy and cardiovascular 

risk, other diabetic complications such as foot ulcers and cognitive impairment have been studied 

in diabetic patients in relation to vitamin D level. Zubair et al. (2013) studied 162 type-2 diabetic 

subjects with foot ulcers and 162 type-2 diabetics without foot ulcers in a prospective cohort 

study to determine whether vitamin D level had an association with the severity and incidence of 

diabetic foot ulcers. Zubair et al. (2013) found that low vitamin D levels were more prevalent in 

patients with foot ulcers compared to those without ulcers. The study also found that low vitamin 

D levels significantly predicted the incidence of foot ulcers by linear regression and forward 

step-wise regression (Zubair et al., 2013). The higher prevalence of foot ulcers present in type-2 

diabetics with lower vitamin D levels is thought to be due to the poor immunity and wound 

healing secondary to lower vitamin D levels (Zubair et al., 2013). Researchers believe that 

vitamin D3 plays an important role in killing bacteria, suppressing T cell proliferation, and 

increasing T helper type 2 cytokines, responsible for regulating the response to extracellular 

pathogens (Zubair et al., 2013). Based on the results of the study it is possible to conclude that 

type-2 diabetics with lower vitamin D levels may be at increased risk of developing foot ulcers 

secondary to delayed healing and impaired immune response.   

Decreased cognitive function has been identified as a health consequence of type-2 

diabetes, with type-2 diabetics incurring a 1.6 fold increased risk in developing dementia (Chen 

et al., 2014).  Chen et al. (2014) studied 165 type-2 diabetic patients in a cross-sectional study to 

determine whether vitamin D levels were associated with mild cognitive impairment (MCI). The 
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study found that the incidence of MCI in type-2 diabetics was dependent on education level, 

hypertension, duration of diabetes, elevated fasting blood glucose, and low vitamin D levels 

(Chen et al., 2014). Furthermore, it is hypothesized that low vitamin D levels in type-2 diabetics 

is associated with MCI (Chen et al., 2014). The study has several limitations, including the 

inability to control all cofounding variables, such as duration of diabetes and family history of 

cognitive impairment. Additionally, the cross-sectional design does not allow for determination 

of cause and effect relationship between the variables, therefore making it difficult to determine 

whether cognitive impairment caused lower vitamin D levels or whether low vitamin D levels 

were responsible for the cognitive impairment. Based on the results of this study it is difficult to 

determine whether cognitive impairment is caused by low vitamin D levels in type-2 diabetics. 

However, it is possible to conclude that type-2 diabetic patients with MCI are likely to have low 

vitamin D levels.  

Group 3: Diabetes Development and Vitamin D Level 

Articles contained in group 3 include those that focus on subjects without diabetes or 

with prediabetes and their likelihood for developing diabetes based on vitamin D level. This 

group contains three articles, a randomized controlled trial (RCT) by Sollid et al. (2014), a 

prospective cross-sectional study by Deleskog et al. (2012), and a prospective cohort study and 

meta-analysis by Afzal & Nordestgaard (2013). The placebo-controlled RCT by Sollid et al. 

(2014) published data collected after one year from a larger five-year trial. The study focused on 

whether treating 242 prediabetic patients with 20,000IU vitamin D weekly prevented the 

progression to type-2 diabetes (Sollid et al., 2014). The study found that the vitamin D level in 

the treatment group increased significantly after 12 months of supplementation, however there 
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were no changes to the lipid levels, blood pressure, hs-CRP, hemaglobinA1C, HOMA-IR, 

insulin level, or fasting insulin level (Sollid et al., 2014). It is also important to note that there 

were no adverse effects seen in the treatment or placebo group (Sollid et al., 2014). The results of 

this study were published after only one year, whereas the entire study was sent out to be 

completed after five years. The power of the study set at 80% was set for a study completed after 

five years, not one. Therefore, it is important to consider that the results of the study may portray 

different conclusions after full completion of the study.  

The second study contained in this group is a prospective cross-sectional study by 

Deleskog et al. (2012) that studied 2,369 men and women with prediabetes and impaired glucose 

tolerance with an 8-10 year follow up for progression to type-2 diabetes. The study found that 

subjects with higher vitamin D levels had reduced incidence of prediabetes, and higher vitamin 

D levels prevented the progression of prediabetes to type-2 diabetes after 8-10 years (Deleskog et 

al., 2012). Interestingly, for every 10nmol/l increase in the vitamin D level thee was a 21-27% 

significant decrease in the risk of developing type-2 diabetes at follow up (Deleskog et al., 2012). 

Unlike RCTs, a cause-effect relationship between vitamin D and incidence of progression of 

diabetes cannot be determined based on the prospective cross-sectional study design. However, 

the long follow up duration of 8-10 years improves the validity of the study. 

The third study contained in this group was a prospective cohort study and meta-analysis 

conducted by Afzal & Nordestgaard (2013) that studied 9,841 subjects without type-2 diabetes 

and followed the subjects for 29 years to determine the effect of vitamin D level on the 

development of type-2 diabetes. The study found that 810 subjects developed type-2 diabetes at 

follow-up, and the incidence of type-2 diabetes increased with decreased concentrations of 
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vitamin D levels (Afzal & Nordestgaard, 2013). The meta-analysis conducted within this study 

looked at 72,204 subjects within 14 studies and found that there was a 1.50 odds ratio for 

developing type-2 diabetes with a low vitamin D level (95% CI, fixed effect) (Afzal & 

Nordestgaard, 2013). The long follow-up of 29 years adds quality to the methodology of the 

study. Additionally, the results of the prospective cohort study were confirmed by the meta-

analysis, which increases validity of the results.  

The first two studies that studied subjects with prediabetes found differing opinions on 

the effects of vitamin D on this population. RCTs provide a higher level of evidence, because 

causality can be determined based on the results of the study. However, the RCT has decreased 

validity due to the short duration of follow up, whereas the prospective cross-sectional study 

offers increased validity from the long duration of follow up. Based on the results of these 

studies, it can be concluded that vitamin D supplementation does not prevent the progression to 

diabetes from prediabetes after one year of treatment. It is possible that longer duration of 

vitamin D supplementation may be necessary to provide benefits to prevent progression from 

prediabetes to diabetes. Additionally, it is important to consider that vitamin D supplementation 

in prediabetic patients may not correct the physiological malfunctioning that initially led to 

decreased vitamin D level, thus the reason why there was a significant correlation between 

untreated vitamin D levels and the progression of prediabetes to diabetes in the cross-sectional 

study and no improvement in diabetic markers of prediabetic patients after one year of treatment 

with vitamin D supplementation. The results of the meta-analysis and prospective cohort study 

by Afzal & Nordestgaard (2013) also confirms the notion that low vitamin D levels and the 

incidence of developing diabetes is correlated. Although supplementation did not reverse the risk 
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of developing diabetes it is important to consider that there is a correlation between low vitamin 

D levels and progressing impaired glucose metabolism and decreased glucose tolerance. 

Conclusion Drawing and Verification 

Conclusion Drawing Based on Literature Review 

Type-2 diabetes and vitamin D supplementation. Four RCTs showed no benefit to 

diabetic lab markers after supplementing vitamin D deficient type-2 diabetic patients with 

vitamin D supplementation. Although other studies conducted with different study designs found 

alterative conclusions, the results concluded from the RCT provide a higher quality of evidence 

(see Appendix I). Additionally, the findings of the RCT are also confirmed with a systematic 

review and meta-analysis, which found that supplementing vitamin D did not improve glucose 

tolerance in type-2 diabetic patients (George et al., 2012). Based on the literature results and the 

strength of evidence, it can be concluded that supplementing vitamin D in patients with type-2 

diabetes and vitamin D deficiency does not improve glycemic control, A1C levels, or insulin 

levels.   

Vitamin D levels in type-2 diabetic patients. Thirteen out of fifteen articles that studied 

the correlation between vitamin D levels and incidence of type-2 diabetes found that vitamin D 

levels have an inverse relationship with diabetic markers, such as hemoglobin A1C, HOMA-IR, 

fasting blood glucose, and fasting insulin levels. Two of the studies that were unable to find a 

similar correlation were conducted using a retrospective design. Prospective studies cross-

sectional studies provide a higher level of evidence than retrospective study designs, due to in the 

inability to control cofounding variables (see Appendix I). Based on the results of studies 

collected regarding the correlation between vitamin D levels and diabetic markers it can be 
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concluded that patients with type-2 diabetes have a higher prevalence of vitamin D deficiency. 

Given that majority of the studies revealed an inverse relationship between hemoglobin A1C 

level and serum vitamin D levels it is believed that low vitamin D levels are especially prevalent 

in patients with uncontrolled diabetes.  

Vitamin D levels and diabetic complications. Several cross-sectional and prospective 

studies found that low vitamin D levels were associated with an increased incidence of diabetic 

complications in patients with type-2 diabetes. A cross-sectional study even found that low 

vitamin D levels were independent predictors for diabetic retinopathy and neuropathy 

(Ahmadieh et al., 2013). In regard to cardiovascular disease, cross-sectional and prospective 

studies found that type-2 diabetic patients with low vitamin D levels may be at increased risk for 

cardiovascular complications, including PAD and CAD. Although there is no evidence from 

RCTs on the effects of vitamin of the risk of developing type-2 diabetes. There is also research 

regarding the effects of vitamin D level on diabetic retinopathy. Evidence from cross-sectional 

studies found that low vitamin D levels were correlated with increased incidence of severe 

retinopathy in type-2 diabetic patients. Vitamin D levels have also been implicated in the 

development of diabetic foot ulcers. One prospective study found that low vitamin D levels were 

correlated with increased incidence of foot ulcers in type-2 diabetic patients (Zubair et al., 2013). 

Additionally, low vitamin D levels were also implicated in the development of MCI. One cross-

sectional study with severe limitations found that low vitamin D levels in type-2 diabetic subjects 

had increased incidence of MCI (Chen et al., 2014).  

Based on the research it is clear that A1C levels and vitamin D levels share an inverse 

relationship. When considering the effect of vitamin D on diabetic complications it is important 
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to consider that higher A1C levels and poorer diabetic control is associated with increased 

incidence of diabetic complications (Ahmadieh et al., 2013). Therefore, higher A1C levels are 

most likely present in patients in diabetic complications, and thus a lower level of vitamin D. 

These results are congruent with the conclusion that higher hemoglobin A1C is associated with 

lower vitamin D levels.  

Vitamin D levels in the progression of type-2 diabetes. Based on the evidence 

collected from the three studies within Group 3 it can be concluded that vitamin D 

supplementation taken for one year does not prevent the progression to type-2 diabetes from a 

prediabetic state. However, the cross-sectional study and meta-analysis did show that low 

vitamin D levels was correlated with increased incidence of developing type-2 diabetes from a 

prediabetic state. The findings of studies within this group are consistent with the conclusion that 

vitamin D supplementation does not improve or prevent type-2 diabetes, however lower vitamin 

D levels in type-2 diabetic patients is associated with poor outcomes, such as progression from 

prediabetes to diabetes and increased incidence of diabetic complications.  

Conclusion Drawing on the Role of Vitamin D in Type-2 Diabetes 

Researchers believe that vitamin D plays a role in both insulin secretion and insulin 

resistance because the 1-alpha-hydroxylase enzyme, the enzyme that is responsible for 

converting 25(OH)D into the active form 1,25-dihydroxyvitamin D, is located on the beta cells in 

the pancreas (Afzal & Nordestgaard, 2013). One of the most important roles that vitamin D plays 

in type-2 diabetes is its effect in modulating the inflammatory response. Type-2 diabetes is 

caused by increased insulin resistance and low vitamin D levels may be associated with systemic 

inflammation (Deleskog et al., 2012). Higher vitamin D levels may reduce systemic 
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inflammation, improve insulin sensitivity and increase the survival of beta cells by regulating the 

effect of cytokines (Deleskog et al., 2012). Chronic low-grade systemic inflammation is thought 

to increase the risk of developing insulin resistance by disrupting normal insulin signaling and 

leading to the development of type-2 diabetes (Chagas et al., 2012). Vitamin D is believed to 

play an essential role in modulating the inflammatory response due to the VDR’s presence on 

macrophages and dendritic cells (Chagas et al., 2012). However, it is conflicting that the results 

of the literature review do not show that increasing the vitamin D level in type-2 diabetic patients 

with the use of supplementation improved glucose tolerance or insulin function. Yet, a large 

number of cross-sectional and prospective studies reveal that patients with type-2 diabetes have a 

higher prevalence of vitamin D deficiency compared to those without type-2 diabetes. As 

previously determined based on the results of the collected studies, the causality of low vitamin 

D levels in glucose control, progression of diabetes, and development of diabetic complications 

cannot be proven. However, studies have shown that patients with type-2 diabetes, especially 

those with uncontrolled diabetes, are more likely to have low vitamin D levels. This leaves the 

question on whether the vitamin D levels are low secondary to systemic chronic inflammation or 

whether low vitamin D levels help contribute to chronic systemic inflammation and subsequent 

disruption of insulin signaling and development of type-2 diabetes. Regardless of the causation 

of the low vitamin D levels in type-2 diabetic patients, evidence strongly suggests that patients 

with impaired glucose metabolism, insulin resistance, and elevated A1C levels are more likely to 

have low vitamin D levels. The correlation between elevated A1C level and low vitamin D levels 

are also manifested in the increased incidence of diabetic complications, such as retinopathy and 

diabetic foot ulcers seen in patients with type-2 diabetes and lower vitamin D levels.  
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CLINICAL RECOMMENDATIONS 

Five clinical questions were answered based on the results of the integrative literature 

review: 1) Should vitamin D supplementation be used to improve diabetic lab markers in patients 

with type-2 diabetes, 2) should patients with type-2 diabetes be screened for vitamin D 

deficiency, 3) should patients with type-2 diabetes and vitamin D deficiency be treated, 4) should 

vitamin D supplementation be used to prevent the progression to diabetes from prediabetic state, 

and 5) should patients with type-2 diabetic complications be screened for vitamin D deficiency. 

Each clinical question was transformed into a clinical guidelines and given a determination of 

“recommended” or “not recommended” based on the results of the literature review. The 

recommendations will be evaluated based on the strength of evidence using the GRADE method. 

See appendix B for an explanation of the GRADE levels of evidence. Table 1 (below) lists the 

recommendations, GRADE levels of evidence, and a rationale for the level of evidence.  

TABLE 1. GRADE Level of Evidence, Clinical Recommendations and Rationale. 
Clinical Recommendation GRADE: Level 

of evidence 
Rationale 

Type-2 Diabetics should be treated 
with vitamin D supplementation to 
improve diabetic control 

Not 
Recommended  

(A: High) 

Several RCTs and a meta-analysis showed no 
improvement in diabetic control after supplementing 

vitamin D to a level above insufficiency 
Type-2 diabetic patients should be 
screened for vitamin D deficiency 

Recommended 
(B: Moderate) 

Multiple prospective and cross-sectional studies 
showed that type-2 diabetic patients are more likely 

to have vitamin D deficiency compared to the 
general population 

Type-2 diabetics with vitamin D 
deficiency should be treated with 
vitamin D supplementation to 
improve other health outcomes 

Recommended 
(A: High) 

Clinical guidelines for the treatment of vitamin D 
deficiency recommends treatment of vitamin D with 

supplementation to improve health outcomes and 
prevent complications 

Vitamin D supplements can be used 
to prevent progression of type-2 
diabetes from prediabetes or normal 
glucose tolerance state 

Not 
Recommended 
(B: Moderate) 

A RCT showed that supplementing vitamin D did not 
prevent the progression from prediabetes to type-2 

diabetes 

Type-2 diabetic patients with diabetic 
complications should be screened for 
vitamin D deficiency 

Recommended 
(B: Moderate) 

Several prospective and cross-sectional studies on 
vitamin D levels in type-2 diabetic with 

complications found an association between the 
incidence of diabetic complications and vitamin D 

deficiency and insufficiency 



 
 
 

 
54 

The first recommendation is that type-2 diabetics should be treated with vitamin D 

supplementation to improve diabetic control. Based on the research it is not recommended to 

treat type-2 diabetic patients with vitamin D supplementation for the purpose of directly 

lowering hemoglobin A1C levels, improving glucose sensitivity, and decreasing insulin 

resistance. This clinical recommendation is given an A: High because several RCTs and a meta-

analysis showed no improve in diabetic lab markers after supplementing vitamin D in type-2 

diabetic patients to a level above insufficiency.  

The second clinical recommendation is that type-2 diabetics should be screened for 

vitamin D deficiency. This is a recommended clinical practice with a B: Moderate level rating. 

Based on the literature review, over 13 studies showed that type-2 diabetic patients are more 

likely to have vitamin D deficiency and insufficiency compared to the general population. 

Although supplementing vitamin D has not been proven to be effective in RCTs to improve 

glycemic control it is still important to consider that low vitamin D levels have adverse effects on 

patient outcomes.  For example, numerous RCTs have proven that a minimum vitamin D level of 

20ng/ml is required to minimize the risk of osteomalacia and optimize bone and muscle function 

throughout the body (Hossein-nezhad & Holick, 2013).  Previous research has showed that low 

vitamin D levels may play a part in the development of abdominal obesity, dyslipidemia, 

hypertension, and increased mortality (Lazear & Kupustin, 2014; Hossein-nezhad & Holick, 

2013).  Additionally, some research also suggests that low vitamin D levels are associated with 

increased risk of cognitive decline, pregnancy complications, allergies, autoimmune diseases, 

certain cancers, cardiovascular disease, and frailty (Hossein-nezhad & Holick, 2013). The 

systemic health benefits of vitamin D are thought to be due to the location of the vitamin D 
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receptor (VDR) throughout most tissues in the body, including vascular smooth muscle, brain 

tissue, prostate and breast tissues and macrophages (Hossein-nezhad & Holick, 2013). Therefore, 

although supplementing vitamin D was not proven to directly improve A1C levels, fasting 

glucose, HOMA-IR, or glucose tolerance, it is important to consider that treating type-2 diabetic 

patients with vitamin D deficiency could indirectly improve patient outcomes by preventing 

complications secondary to vitamin D deficiency.  

The third clinical recommendation is that type-2 diabetics with vitamin D deficiency 

should be treated with vitamin D supplementation to improve indirect health outcomes. This 

recommendation is given an A: High level of evidence rating because clinical guidelines for the 

treatment of vitamin D deficiency recommends treatment with vitamin D supplementation to 

improve health outcomes and prevent adverse health events, such as muscle weakness, increased 

risk of fractures, and falls in elderly (Holick et al., 2011). Type-2 diabetic patients who are found 

to be vitamin D deficient should be counseled that food sources of vitamin D include wild-

caught salmon and UV-exposed mushrooms (Hossein-nezhad & Holick, 2013). For 

supplementation Hossein-nezhad & Holick (2013) explain that adults can be given 50,000 IU 

vitamin D2 once weekly over the course of six weeks in the case of vitamin D insufficiency (< 

30 ng/ml) and eight weeks in vitamin D deficiency (< 20 ng/ml) (Hossein-nezhad & Holick, 

2013). After the initial six to eight-week repletion period the patient should take 50,000 IU D2 

every two weeks to prevent recurrence of vitamin D deficiency and maintain serum levels 

between 40-60 ng/ml (Hossein-nezhad & Holick, 2013). Current research suggests that for every 

100 IU intake of vitamin D it increases the serum vitamin D level by 0.6-1 ng/ml (Hossein-

nezhad & Holick, 2013). It should be noted that vitamin D intoxication is characterized by serum 
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levels greater than 150-200 ng/ml and causes hypercalcemia, hypercalciuria, and 

hyperphosphatemia, which can lead to long term effects such as vascular and soft tissue 

calcification (Hossein-nezhad & Holick, 2013). However, vitamin D intoxication has not been 

reported when supplementation was given in the recommended dose (Hossein-nezhad & Holick, 

2013).  

The fourth clinical recommendation is that vitamin D supplementation should be used to 

prevent the progression of type-2 diabetes from prediabetic or normal glucose tolerant state. Base 

on the research findings, this is not a recommended clinical practice, with a B: Moderate quality 

of evidence rating. This is not a recommended practice because a RCT showed that 

supplementing vitamin D did not prevent the progression from prediabetes to type-2 diabetes. 

Although prospective and cross-sectional studies found that patients with low vitamin D levels 

were more likely to progress from prediabetes to type-2 diabetes the findings of the RCT suggest 

that causality of low vitamin D levels in the progression of diabetes cannot be proven. As this 

recommendation is based on one RCT it is possible that future evidence may change this clinical 

recommendation, therefore a B: Moderate level rating was given. 

The last clinical recommendation is that type-2 diabetic patients with diabetic 

complications should be screened for vitamin D deficiency. This is a recommended clinical 

practice, as several prospective and cross-sectional studies found an association between 

incidence of diabetic complications and vitamin D deficiency and insufficiency. This clinical 

recommendation is given a B: Moderate level recommendation because it is based on several 

studies with severe limitations. Although the second recommendation, to screen all type-2 

diabetic patients for vitamin D deficiency also encompasses this recommendation, it was made a 
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separate recommendation in the event that new research emerges that may change the level of 

evidence or recommendation.  

See also Appendix J for a depiction of the clinical recommendations with the GRADE 

level of evidence ranking as well as a brief rationale.  

Changes to Current Clinical Practice Standards and Future Direction 

The most prominent change to current clinical practice standards is the addition of 

screening type-2 diabetic patients for vitamin D deficiency. Currently, there are no guidelines 

that recommend screening type-2 diabetic patients set by the Endocrine Society, the US 

Preventative Task Force, or the American Diabetes Association. Additionally, the lack of up to 

date guidelines for the screening for vitamin D deficiency is responsible for indiscriminant 

screening practices. The clinical recommendation to screen type-2 diabetics for vitamin D 

deficiency adds direction and purpose to screening practices in the primary care setting. Upon 

screening, type-2 diabetic patients found to have vitamin D deficiency or insufficiency upon 

screening should be treated according to the Endocrine Society’s current clinical 

recommendations for the Evaluation, Treatment, and Prevention of Vitamin D Deficiency in 

order to prevent morbidity and mortality (Holick et al., 2011). As the stated in the clinical 

recommendations, no change is being recommended for the use of vitamin D supplementation 

for the treatment, prevention, or progression of type-2 diabetes or diabetic complications.  

Future studies related to vitamin D and type-2 diabetes should focus on determining the 

most effective dose of vitamin D supplementation needed to treat vitamin D deficiency and 

insufficiency within this patient population. Moreover, further studies and literature reviews 

should be done to determine the most effective form and dose of vitamin D for use in patients 
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with type-2 diabetes. The literature review contained articles that used differing doses of both 

vitamin D2 and vitamin D3 to replete vitamin D levels in type-2 diabetic patients. Although 

repletion was achieved throughout the studies, it is important to establish guidelines for the best 

practice approach to treating vitamin D deficiency in type-2 diabetic patients. To determine best 

practices, the frequency of screening, length of treatment, and re-screening protocol should also 

be considered. 

Future studies should also focus on determining a cost benefit analysis of screening for 

vitamin D deficiency in type-2 diabetic patients versus automatically initiating treatment with 

vitamin D supplementation. As the research strongly suggests, patients with type-2 diabetes are 

likely to have vitamin D deficiency. Therefore, it should be determined whether it is more cost 

effective to prophylactically recommend vitamin D supplementation to type-2 diabetic patients 

rather than initiation a screening protocol. Future studies should also be done to determine 

whether patients with prediabetes should be screened for vitamin D deficiency. In regards to 

diabetic complications, further high quality RCT studies should be completed to better 

understand the relationship between vitamin D deficiency and complications secondary to type-2 

diabetes.  

In regard to implementing the proposed clinical recommendations, the remaining two 

points on the ACE Star Model of Knowledge Transformation should be completed at the local 

levels. It is important to determine potential barriers to implementation at the local level in order 

to strengthen the clinical recommendations. Quality improvement projects can be completed 

related to implementation and process outcome evaluation within specific patient care practices.  
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Limitations 

This integrative literature review is not without limitations. Although the best effort was 

made to search all available literature within the three chosen databases there is a possibility that 

studies exist in other databases or outside databases that may change the level of evidence behind 

the stated clinical recommendations. Additionally, future studies may change or alter the strength 

of the clinical recommendations. However, the GRADE ranking assigned to each clinical 

recommendation accounts for the possibility that future studies may adjust the level of quality 

ranking; therefore, it is important to consider the GRADE level of evidence when applying these 

recommendations into clinical practice.  

DISCUSSION 

 Although RCTs failed to show a cause-and-effect relationship between type-2 diabetes 

and vitamin D deficiency, many observational studies showed a definite inverse relationship 

between diabetic lab markers and vitamin D levels. It can be hypothesized that vitamin D levels 

may be lower in type-2 diabetic patients due to the systemic inflammation. Uncontrolled type-2 

diabetes causes changes to pancreatic islet cells, vascularity, and leukocytes; which lead to 

immune system dysfunction altering systemic levels of cytokines and chemokines (Donath & 

Shoelson, 2011).  Additionally, it is important to consider that vitamin D is highly prevalent in 

patients with intestinal malabsorption syndrome, such as celiac disease and inflammatory bowel 

disease (Margulies, Kurian, Elliot, & Han, 2015).  Patients with uncontrolled type-2 diabetes are 

predisposed to systemic inflammatory diseases, due to high levels of inflammatory markers, thus 

placing them at risk for inflammatory bowel conditions.  It is important to consider that vitamin 

D levels may be lower in type-2 diabetic patients due to malabsorption in the gut secondary to 
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systemic inflammation. This perhaps answers the question on why supplementing vitamin D 

does not solve the problem to lower diabetic lab markers in patients with type-2 diabetes, 

because the problems lie within the systemic inflammation rather than solely on the levels of 

vitamin D.  Repleting vitamin D levels to a level above deficiency and insufficiency carry other 

benefits to type-2 diabetic patients, as previously discussed, however to effectively address the 

cause of low vitamin D levels in type-2 diabetic patients the idea of systemic inflammation and 

malabsorption should be considered. In a departure from traditional Newtonian thinking there 

should be consideration that the relationship between vitamin D levels and type-2 diabetes is 

complex, based on multiple contributing factors. Yet, the research has clearly identified that 

patients with type-2 diabetes have higher prevalence of vitamin D deficiency. Therefore, in 

efforts to care for type-2 diabetic patients holistically it is important to screen type-2 diabetic 

patients for vitamin D deficiency.  Although correcting vitamin D levels in type-2 diabetic 

patients has not been shown to be effective in directly managing type-2 diabetes, elevating 

vitamin D levels within appropriate range has been shown to decrease other health ailments and 

decrease mortality.    

Conclusion 

Type-2 diabetes is a growing national health epidemic. It is imperative to consider 

evidence-based treatment options to combat this chronic disease. Previous literature suggests 

there may be a link between vitamin D deficiency and the onset and progression of type-2 

diabetes. Current clinical practice guidelines do not recommend routine screening for vitamin D 

deficiency in type-2 diabetic patients. Therefore, without appropriate screening there will be 

missed opportunities to treat vitamin D deficiency in type-2 diabetic patients. An integrative 
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literature review was conducted related to the evaluation and treatment of vitamin D deficiency 

in type-2 diabetic patients. The results of the integrative literature review allowed for the creation 

for updated clinical recommendations for the screening and treatment of vitamin D deficiency in 

type-2 diabetic patients. The GRADE ranking system was used to identify the level of evidence 

that supported the clinical recommendations. 
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APPENDIX A: 

ACE STAR MODEL OF KNOWLEDGE TRANSFORMATION 
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APPENDIX B: 

GRADING OF RECOMMENDATIONS ASSESSMENT, DEVELOPMENT AND 

EVALUATION (GRADE) 
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The grading of levels of evidence table is derived from Essential Evidence Plus (2015). 

Grade (Quality 
of Evidence) 

Level of Evidence 

A (High) Research conducted in the future will not likely change the estimate of 
effect. Grade is based on several high quality studies with consistent results 

or one large high quality study. 
B (Moderate) There is high confidence in the estimate of effect, but future research may 

hinder the strength of confidence. Grade is based on studies with some 
limitation or only one high quality study. 

C (Low) Future research may change the confidence in this research. Grade is based 
on studies with severe limitations. 

D (Very Low) There is no estimation of effect. Grade is based on studies with severe 
limitations. 
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APPENDIX C: 

DATA DISPLAY: DATA EXTRACTION TOOL 
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The data extraction tool used for this DNP project is outlined below. 

Article 
Citation 

Methodology 
of study 

Variables Population/Age Sample 
size (n) 

Results Statistical 
Significance 

Level of 
Evidence 

Ethical 
Consideration 

Comments 

The 
authors 
of the 
article 
will be 
listed as 
a 
citation 

The type of 
study and 
methodology 
will be 
specified 

Key 
variables 
of the 
study will 
be 
determined 

The population 
and age of 
participants will 
be recorded  

The 
number of 
participants 
will be 
specified 

The 
findings 
of the 
research 
study and 
conclusion 
will be 
explained 

The 
significance 
of the results 
will be 
explained in 
relation to p-
value (when 
applicable) 

The level of 
evidence with 
consideration 
to the seven 
previously 
discussed 
points (on 
page 25) will 
be discussed 

Respect for 
human dignity, 
beneficence, 
and justice 
will be 
considered 

Additional 
comments, 
patterns, and 
considerations 
will be 
included 
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APPENDIX D: 

THE UNIVERSITY OF ARIZONA IRB APPROVAL LETTER 
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APPENDIX E: 

GROUP 1 DATA EXTRACTION TABLES 
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Article Citation Methodology of 
study 

Variables Population/Age
/Characteristics 

Sample size (n) Results Statistical 
Significance 

Level of 
Evidence 

Ethical 
Consideration 

Comments 

 The type of 
study and 
methodology 
will be specified 

Key variables of 
the study will be 
determined 

The population 
and age of 
participants will 
be recorded  

The number of 
participants will 
be specified 

The findings of 
the research 
study and 
conclusion will 
be explained 

The significance 
of the results 
will be 
explained in 
relation to p-
value (when 
applicable) 

The level of 
evidence with 
consideration to 
the seven points 
(see next page) 
will be 
discussed 

Respect for 
human dignity, 
beneficence, and 
justice will be 
considered 

Additional 
comments, 
patterns, and 
considerations 
will be included 

Elkassaby et al. 
(2014) 

Randomized, 
double-blind 
placebo-
controlled trial 
 
Participants 
were block 
randomized 
without 
stratification 
 

Independent 
variables: 
sunlight 
(participants 
were asked to 
avoid sun 
exposure and 
use sun 
protection if 
outdoors- study 
took place 
across all 
seasons), oral 
hypoglycemic 
medications 
 
Vitamin D3 
(2000 IU) or 
placebo. D3 was 
given with 
initial loading 
dose of 5 tablets 
daily (10,000 
IU) for 2 weeks, 
then 3 tablets 
(6000 IU) for 6 
months. The 
placebo group 
took the same 

50 Caucasian 
adults (age 30-
60, median 54) 
diagnosed with 
T2DM 
(according to 
WHO criteria). 
Participants 
were recruited 
through a 
community 
national diabetes 
register. 
Patients’ serum 
VD level 
between 28-85 
nmol/l and A1C 
less than 8%. 
Most 
participants 
were obese 
(BMI 31), well 
controlled 
diabetes 
(median A1C 
6.1%), half were 
on oral 
hypoglycemic 
medications at 

Total n= 50 
 
Vitamin D3 
group n= 26 
 
Placebo group 
n=24 

Follow-up 
conducted at 3 
and 6 months 
with interviews, 
blood pressure, 
and assessment 
of key variables. 
 
Calcium and VD 
level: increased 
significantly in 
treatment group 
(128 nmol/l at 6 
months), 
unchanged in 
placebo group 
(61 nmol/l at 6 
months). 
Calcium was 2.4 
mmol/l in both 
groups.  
 
DCP: 0.80, 0.89, 
0.83 (placebo 
group) and 0.83, 
0.65, and 0.80 
(treatment 
group) at 
baseline, 3 

The DCP 
difference 
between 
treatment group 
and placebo 
group at 3 
months 
improved 
significantly 
(p=0.040), but 
not at 6 months.  
 
The FPG in the 
treatment vs. 
control group at 
3 months was 
significantly 
improved 
(p=0.006).  

The results are 
credible, as they 
were performed 
methodically 
and appropriate 
variables were 
controlled. The 
results 
demonstrate a 
short-term 
improvement in 
FPG with 
administration 
of VD3 but no 
change in beta-
cell function. 
These results 
can be 
generalized to 
Caucasian adults 
with T2DM who 
are not in insulin 
therapy. These 
results may not 
be generalized 
to T2DM 
patients on 
insulin or with 
kidney or liver 

Participants 
were given 
written informed 
consent to 
participate in the 
trial. The Royal 
Melbourne 
Hospital Human 
Ethics 
Committee 
approved this 
study. All 
participants with 
vitamin D level 
below 28nmol/l 
were not 
included in the 
study and were 
referred to a 
primary care 
provider 
(beneficence).  

CINAHL 
Group 1 
 
Showed benefit 
of vitamin D 
supplementation 
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number of pills 
without D3. The 
dose adjusted 
after 1 month to 
get VD levels 
between 100-
165nmol/l (40-
66ng/ml), 
Vitamin D level 
measured by 
Diasorian I 
radioimmunoass
ay. 
 
Dependent 
variables: blood 
pressure, beta-
cell function 
(glucagon-
stimulated 
secretion of C-
peptide), *Delta 
C-peptide (the 
difference 
between 
baseline serum 
C-peptide and 
level after 6 
minutes), 
postprandial 
glucose levels 
(taken by patient 
after each meal 
for the two days 
before the study 
visits), and 
DEXA body fat 
assessment, 
FPG, PPG, 
HbA1C, insulin 
resistance 

baseline.  
 
Patient 
exclusions: 
insulin therapy, 
liver 
impairment, 
renal 
impairment, 
hyperparathyroi
dism, 
personal/family 
hx of renal 
calculi, hx 
recurrent falls, 
use of gait aid, 
hx of fractures 
or osteoporosis, 
or treatment 
with 
prednisolone, 
methotrexate, or 
immunosuppress
ive drugs. 
Participants with 
a fasting blood 
glucose < 10mM 
at 3,6 month 
follow up were 
excluded.  

months, and 6 
months 
respectively. 
 
At 3 months the 
FPG was 
improved in the 
treatment group. 
At 6 months the 
DCP, FPG, 
PPG, or A1C 
were not 
significantly 
different.  
 
High doses of 
D3 
supplementation 
did not lead to 
increased 
toxicity and 
successfully 
raised the serum 
VD level.  

dysfunction.  
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(HOMA-IR) 
 
*Denotes 
primary 
outcomes 

Talaei et al. 
(2013) 

Before and after 
matched, single 
blind study 

Independent 
variables: 
weight, height, 
BMI, 
A1Ccreatinine, 
calcium, ALP, 
AST, 
phosphorous, 
50,000 D3 VD 
supplementation 
once per week 
 
Dependent 
variables: FPG, 
insulin, HOMA-
IR, VD level, 
lipids 

All subjects took 
D3 supplements 
weekly for 2 
months 
 
Average age  
54.1 years, 92% 
used oral 
medications, 8% 
used diet 
 
T2DM subjects 
30-70 years old 
using diet, oral 
hypoglycemia 
agents 
 
Instructed not to 
change their diet 
during the 8-
week trial 
 
Excluded for 
liver disease, 
renal disease, 
malignancy, 
A1C < 8%, 
insulin use, 
anticonvulsants 

T2DM subjects 
N=100 

24% of subjects 
were VD 
deficient 
 
FPG decreased 
from 138 to 131 
after 
supplementation 
(p=0.05) 
 
Insulin 
decreased from 
10.76 to 8.6 
(p=0.028) 
 
HOMA-IR 
decreased from 
3.57 to 2.89 
(p=0.008)  

P value < 0.05 
set for 
significance 
 
K-S test used to 
assess normalcy 
of variables 
 
t-test used for 
normal variables 
 
Wilcoxon test 
used for non-
normal variables 
 
Step wise linear 
regression 
analysis used for 
FPG, insulin, 
HOMA-IR after 
VD 
supplementation 

Placebo was not 
used for this 
study, therefore 
the placebo 
effect for the 
decrease in 
HOMA-IR, 
FPG, and insulin 
cannot be ruled 
out.  

All subjects 
given informed 
consent 
 
Approved by the 
medical ethics 
committee of the 
university 
 
In accordance 
with the 
declaration of 
helsinki 

EMBASE  
Group 1 
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Rashidi et al. 
(2016) 

Randomized, 
double-blind, 
placebo 
controlled trial 

Independent 
variables: age, 
gender, weight, 
BMI, duration 
of diabetes, 
diabetic 
medications, 
diet, education, 
VD 
supplementation 
(treatment group 
50,000IU given 
every 2 weeks 
for 12 weeks) 
 
Dependent 
variables: FBG, 
2-hr postpradial 
test, calcium, 
phosphorous, 
BUN, 
creatinine, A1C, 
VD level, 
HOMA-IR, 
HOMA-B% 
 

T2DM subjects 
 
Group 1 T2DM 
with VD level > 
20ng/ml 
 
Group 2 T2DM 
with VD level < 
20ng/ml 
 
Age 20-60, BMI 
> 20 
 
Excluded renal 
or hepatic 
disease, 
hypercalcemia, 
kidney stones, 
CAD, ischemic 
and valvular 
disease, TB, 
cancer, 
sarcoidosis, 
pregnancy, 
uncontrolled 
HTN, taking VD 
supplement 
 
Man BMI 28.65, 
average age 47 

Total subjects 
N=120 
 
Study group 
N=48 
 
Placebo group 
N=46 

No significant 
change to FBS, 
2hpp and A1C 
level after 
treatment with 
VD supplement 
 
HOMA-IR in 
the study group 
before and after 
supplementation 
not significantly 
different 
 
HOMA-B% in 
the study group 
had significant 
improvement 
versus the 
control group 

 P value < 0.05 
set for 
significance 
 
Power 
calculation that 
at least 60 
patients required 
for each group 
 
Repetitive 
measures test 
used to compare 
means 
 
Independent t-
test used to 
compare 
between groups 

Causality can be 
determined 
based on the 
study design, 
which showed 
that VD 
supplements did 
not improve 
glycemic control 
 
Increased the 
VD level from 
16.21 ng/ml to 
26.62ng/ml after 
supplementation 
(which is still 
insufficient) 

All subjects 
received 
informed 
consent 

EMBASE 
Group 1 
 
HOMA-B% 
more research is 
needed 
 
Showed no 
benefit for VD 
supplementation 
for any diabetic 
marker other 
than HOMA-
B%, which 
improved 
significantly in 
treatment group 
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Saad et al. 
(2016) 

Quasi-
experimental 
design 

Independent 
variables: VD 
levels, duration 
of diabetes, age, 
BMI, A1C level 
 
Dependent 
variables: DPN 
severity (using 
Toronto Clinical 
Neuropathy 
Scoring System- 
TCSS, <5 no 
neuropathy, 6-8 
mild 
neuropathy, 9-
11 moderate 
neuropathy, >11 
severe 
neuropathy), 
nerve 
conduction 
studies (NCSs) 

Subjects had 
T2DM and VD 
insufficiency 
(20-29ng/ml), 
average age of 
subjects 54.72 
years old, with 
an average 
diabetes 
duration 14.62 
years.  
 
Subjects 
included with 
VD deficiency 
(<20ng/ml), 
T2DM, diabetic 
DPN 
 
Excluded 
vascular disease, 
hypothyroidism, 
pernicious 
anemia, 
alcoholism, hx 
of stroke, 
pregnancy, B12 
deficiency 
 
Mean VD level 
before 
supplementation 
15.08 ng/ml 

T2DM subjects 
N=50 

There was 
significant 
improvement in 
NCS in mild 
DPN group 
 
No change in 
moderate and 
severe DPN 
after increasing 
VD levels 
 
Reduction in 
DPN severity 
after increasing 
VD level to 
above normal 
level 

P value < 0.05 
set for 
significance 
 
Two sample t-
test used for 
comparison 
between groups 

The study does 
not explain how 
the VD levels 
were increased 
in the subjects, 
unknown which 
type or dose of 
supplementation 
was used 

Approved by the 
scientific 
committee of 
Riyadh National 
Hospital 
 
In accordance 
with the 
Helsinki 
declaration 
 
All participants 
given informed 
consent 

EMBASE 
Group 1 
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Mohamad et al. 
(2015) 

Quasi-
experimental 
design 

Independent 
variables: VD 
supplementation 
drops, 4500 IU 
D3 given for 2 
months 
 
Dependent 
variable: FBG, 
A1C, VD level 
(deficiency 
defined as < 
20ng/ml), Lipids 
 

Subjects had 
T2DM, taking 
antidiabetic 
medication 
 
72% of the 
subjects had VD 
level < 20ng/ml 
prior to 
supplementation  
 
A1C prior to 
supplementation 
7.7% 
 
Fixed diet and 
medications 
during study 
 
Subjects 
excluded with 
malignancy, 
bone disease, 
gall bladder 
disease, GI 
disease, VD 
supplement or 
calcium, taking 
anticonvulsants, 
pregnant, 
lactating 

Subjects N=100 VD levels 
increased after 
supplementation 
from 16 to 49.2 
ng/ml 
 
A1C and FBG 
were 
significantly 
decreased after 
supplementation 
 
A1C level after 
supplementation 
7.2% 
 
Lipid levels 
were not altered 
after 
supplementation 
 
Triglycerides 
decreased 
significantly 
after 
supplementation 
in women 
subjects 

P value < 0.05 
set for 
significance 
 
Kolmogorov-
Smirnov test and 
P-P plot used to 
assess data 
 
Paired t test 
used for normal 
data 
 
Wilcoxon used 
not non-normal 
data 
 
Spearman 
correlation 
conducted 
between VD 
level and other 
dependent 
variables 

Causality can be 
determined 
based on the 
interventional 
design of the 
study 
 
The lack of 
placebo control 
limits the 
validity of the 
study 

Approved by 
Australian New 
Zealand Clinical 
Trial Registry 
 
Informed 
consent was 
obtained from 
participants 

EMBASE 
Group 1 
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Kampmann et 
al. (2014) 

Randomized 
double-blind 
placebo-
controlled trial 

Independent 
variables: 
placebo vs. VD 
supplementation 
for 12 weeks 
 
Treatment 
group: 280ug 
daily for 2 
weeks, 140ug 
daily for 10 
weeks 
 
Placebo group: 
identical 
placebo 
supplement 
 
Dependent 
variables: 
IVGTT, 
hyperinsulinemi
c euglycemic 
clamp, insulin 
pulsality, DXA 
scans, blood 
pressure, fasting 
blood samples 

All participants 
were T2DM < 
18 yo, majority 
of Danish decent 
 
No significant 
differences in 
characteristics 
between groups  
 
Average age in 
treatment group 
61.6 years, 57 
years in placebo 
group 
 
Average 
duration of 
diabetes 5.6 in 
treatment group 
and 5.1 years in 
treatment group 
 
Excluded for 
heart disease, 
sarcoidosis, 
malabsorption, 
primary 
hyperparathyroi
dism, 
malignancy, 
pregnant, 
lactating, 
tanning beds, 
calcium or VD 
supplements 

Total subjects 
N=16 
 
Placebo group 
N=8 
 
Treatment group 
N=8 

VD levels 
increased 
significantly 
over 12 weeks 
in the 
intervention 
group 
 
No changes to 
insulin 
sensitivity, 
blood pressure, 
A1C, lipids, 
inflammation (c-
peptide levels) 

P <0.05 set for 
significance 
 
Two sample t-
test and Mann-
Whitney U test 
used to test 
variables 
between groups 

Small sample 
size limits the 
power of the 
study (80% 
power with 5% 
significance) 91 
subjects were 
needed in order 
to determine 
significance 
 
Causality is the 
goal of the 
clinical trial, 
therefore the 
relationship 
between VD and 
insulin markers 
in terms of 
causality can be 
determined from 
this study 

Conducted in 
accordance with 
the Helsinki 
Declaration 
 
Reviewed and 
approved by the 
ethics 
committee 
 
All participants 
were given 
informed 
consent 
 
Registered at 
clinicaltrials.gov 

EMBASE 
Group 1 
 
No side effects 
observed in the 
VD supplement 
group 
 
VD levels were 
increased to 31-
104 nmol/L 
(increased from 
31nmol/l to 
104nmol/l) 
 
Occurred 
between 
December to 
March to limit 
the sun exposure 
variability 
 
No benefit to 
vitamin D 
supplementation 
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Dalan et al. 
(2016)  

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

Independent 
variables: VD 
level, fasting 
venous blood 
level, PTH, 
A1C, lipids, 
WC, BP, weight 
 
Dependent 
variables: hs-
CRP. Peripheral 
endothelial 
function by von-
Willebrand 
factor 

Subjects had 
T2DM and 
vitamin D 
deficiency  
 
Four groups: 
(<20ng/ml) 
4000 IU D3 or 
placebo 
 or (20-30 
ng/ml) 2000 IU 
D3 or placebo 
 
given 
supplementation 
for 16 weeks 
with down 
titration at 8 
weeks if VD 
level > 30ng/ml 
 
randomized by 
1:1 allocation 
ratio 
 
excluded for 
osteoporosis, 
VD level > 
30ng/ml 

T2DM subjects 
N=64 
 
Intervention arm 
N=33 
 
Placebo arm 
N=31 
 
VD 4000 IU 
N=21 
 
VD 2000 IU 
N=12 
 
Placebo N=31 
 
4 lost to follow 
up 

Targeted VD 
supplementation 
for 16 week 
period resulted 
in small but not 
statistically 
significant 
improvement in 
endothelial 
function 

P value < 0.05 
set for 
significance 
 
Student’s t test 
and Kruskal-
Wallis test used 
to assess 
between groups 
 
Log normal 
multivariant 
regression used 
for baseline 
variables 

There was a 
non-significant 
improvement in 
endothelial 
function, 
therefore these 
results are not 
generalizable 
and are not 
credible to 
support the 
notion that VD 
supplementation 
improved 
endothelial 
function in 
T2DM patients  

Conducted 
according to the 
Declaration of 
Helsinki 
 
Clinical trial 
authorization 
obtained 
 
Ethical approval 
from local IRB 

EMBASE 
Group 1 
 
Worth a second 
look during 
literature 
synthesis due to 
the results and 
the study design 
 
Small benefit 
but not 
statistically 
significant 
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Basit et al. 
(2016) 

 Prospective 
open-label 
clinical trial 

Independent 
variables: 
height, Painful 
diabetic 
neuropathy 
(PND) 
medications, 
BP, weight, 
calcium, A1C, 
fasting blood 
glucose, 
creatinine 
 
Dependent 
variables: DN4 
Neuropathic 
Pain Diagnostic 
Questionnaire 
and Short Form 
McGill Pain 
Questionnaire 
(SFMPQ) used 
to assess PND 

Patients had 
T1DM or T2DM 
age 18-80 with 
A1C level < 
11% 
 
Excluded with 
renal 
impairment, 
hypothyroidism, 
hyperthyroidism
, taking meds or 
problem with 
parathyroidism, 
hypercalcemia, 
psychiatric 
disorder, alcohol 
intake, hepatitis 
B or C, 
pregnant/lactatin
g, or allergic to 
nuts.  
 
Visits occurred 
at baseline, 
week 4-6, 8-12, 
14-16, and 18-
20. 
 
Single 600,000 
IU VD3 
administered by 
IM 
 
Average age 
52.3. 95.1% 
were T2DM, 
average diabetes 
duration 12.2 
years, average 
A1C 8.6% 

Total N=143 
 
Lost to follow 
up N=7 

Levels of VD 
increased 
significantly at 
visit 1 
(P<0.0001) 
 
Significant 
reduction in 
A1C and 
increase in HDL 
(p=0.03) 
 
Reduction in 
pain by McGill 
total pain score 
between V1 and 
V2 and V3 
(p<0.001) 
 
No correlation 
between VD 
level in total 
pain location  
 
Reduction in 
positive 
symptoms on 
the DN4 
(p<0.0001) and 
SFMPQ (p< 
0.0001).  

P value < 0.05 
considered 
significant 
 
ANOVA and 
paired student’s 
t test used for 
normally 
distributed data 
 
Regression 
analysis used to 
assess VD status 

This was not 
controlled by 
placebo group 
and the results 
are subjective, 
which skews the 
results of this 
study 
 
Possible placebo 
response  

Approved by the 
IRB of BIDE 
 
In accordance 
with the 
Declaration of 
Helsinki 

EMBASE 
Group 1 
 
Patients with 
T1DM were also 
included in the 
study 
 
VD may play an 
important role in 
treating painful 
diabetic 
neuropathy 
 
Significant 
improvement in 
A1C seen after 
administration 
of VD IM 
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George et al. 
(2012) 

Systematic 
review and 
meta-analysis 

Independent 
variables: 
Vitamin D 
supplementation 
(type), therapy 
duration, age, 
sex,  
 
Dependent 
variables: 
glycemic 
control, insulin 
resistance, 
progression 
from prediabetes 
to diabetes 
 

MEDLINE, 
CINAHL, 
EMBASE, and 
the Cochrane 
Library were 
used to search 
for RCT related 
to the use of VD 
supplementation 
on fasting 
glucose, 
glycemic 
control, insulin 
resistance, c-
peptide, insulin 
levels, diabetic 
complications 
and progression 
from prediabetes 
to diabetes.  
 
Exclusion 
criteria include 
subjects with 
diabetes other 
than T1 or T2, 
subjects taking 
VD 
supplementation
, ESRD, 
dialysis, or 
hyperparathyroi
dism 
 
VD3 and VD2 
were included 
Studies 
collected from 
1984-2010.  

Initial search 
resulted in 341 
abstracts, 15 
were selected 

15 results were 
found to meet 
the inclusion 
and exclusion 
criteria 
 
8 studies tested 
fasting glucose 
in normal 
fasting glucose 
and abnormal 
fasting glucose, 
no change in 
fasting glucose 
with VD 
supplementation 
 
4 studies 
examined A1C 
level in patients 
with impaired 
glucose 
tolerance or 
T2DM. VD 
supplementation 
did not reduce 
A1C level 
 
6 studies 
examined 
HOMA-IR or C-
peptide/insulin 
levels 
 
2 studies tested 
endothelial 
function (flow-
mediated 
dilation of the 
brachial artery), 
one study 

N/A for this 
study 

Systematic 
reviews of RCT 
and meta-
analysis are the 
highest level of 
evidence. This 
article provides 
a high level of 
evidence and 
informational 
value related to 
the effects of 
VD 
supplementation 
on diabetic 
markers 
 
Possibility that 
some studies 
were not found 
with the 
literature search 
 
Some of the 
studies are from 
1984, 1987, 
1994, and 1997, 
which means 
that some of the 
research may be 
outdated, as 
research 
methods are 
always evolving 
and improving 
 
Some of the 
studies studied 
only specific 
populations 
 

Study bias risk 
was assessed by 
quality of 
allocation, 
concealment, 
potential for 
selection bias, 
quality of 
blinding, 
comparability of 
groups, and 
identification of 
possible funnel 
plots.  

T1DM and 
T2DM were 
both included in 
the systematic 
review 
 
Showed that 
there is not 
enough evidence 
to recommend 
the intervention 
for effective 
glycemic control 
for T2DM 
patients 
 
Systematic 
review and 
meta-analysis 
with moderate 
quality d/t article 
selection 
 
PubMed 
Group 1 
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showed 
improvement 
after 8 weeks of 
VD 
administration, 
the other 
showed no 
change after 8 
weeks 
 
One study found 
no change in 
albumin/creatini
ne ratio 
compared with 
placebo 
 
Two studies 
examined 
progression of 
prediabetes to 
T2DM found no 
reduction in 
progression with 
VD 
supplementation 

Many studies 
enrolled only a 
small number of 
subjects 

Bonakdaran et 
al. (2013) 

Quasi-
experimental 
design 

Independent 
variables: age, 
sex, diabetes 
duration, 
medication use, 
use of study 
medication 
(given to 43 
patients with 
T2DM and VD 
insufficiency) 
 
Dependent 
variables: BMI, 
weight, BP, 

All subjects had 
type-2 diabetes, 
diagnosed based 
on WHO criteria 
 
Average age 
52.5, 62.7% 
female, average 
diabetes 
duration 8.8 
years, 58.1%had 
HTN, 65.1% 
had 
dyslipidemia, 
58.1% used 

Sample size 
N=119 
 
Subjects with 
VD 
insufficiency 
N=43 

Calcitriol caused 
reduction in 
LDL and total 
cholesterol 
(p=0.04, 0.019 
respectively) as 
well as a 
decrease in HDL 
(p=0.001) 
 
Non-significant 
decrease in 
blood pressure 
after calcitriol 
 

P value < 0.05 
set for 
significance 
 
Paired t test 
used for normal 
variables 
 
Wilcoxon 
signed-rank test 
used for non-
normal variables 

This study does 
include an 
intervention, 
which can show 
that VD 
supplementation 
improved lipid 
profiles in 
patients with 
T2DM and VD 
deficiency. This 
suggests that 
low VD levels 
may be 
detrimental to 

All subjects 
were provided 
with informed 
consent 
 
Study 
participation 
was voluntary 
 
Approved by the 
research ethics 
committee of 
MUMS 

EMBASE 
Group 1 
 
However HDL 
levels were also 
decreased, 
which is not a 
positive finding. 
 
Explains 
important 
physiology of 
VD and lipids 
and blood 
pressure 
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A1C, insulin 
lipids, 
homocysteine, 
HSCRP, 
albumin urinary, 
VD level, 
HOMA-IR, 
HOMA-S, uric 
acid, calcium, 
phosphorous, 
PTH 

statins, 79% 
used oral 
antidiabetic 
medications, 
62.7%used 
ACEI or ARBs. 
 
Excluded 
subjects with 
acute illness, 
chronic 
liver/kidney 
disease, 
pregnancy, 
lactation, cancer 
hx, smoking, 
malnutrition, 
taking 
glucocorticoids, 
diuretics VD 
supplements, 
anticonvulsants.  
 
43 patients with 
VD deficiency 
(< 30ng/ml) 
given 0.5 mcg 
calcitriol for 8 
weeks, with no 
changes to 
medication or 
daily routine 

Non-significant 
increase in VD 
level   

the 
cardiovascular 
health of T2DM 
patients 
 

relationship 
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Article 

Citation 
Methodology 

of Study 
Variables Population/Age 

/Characteristics 
Sample size (n) Results Statistical 

Significance 
Level of Evidence Ethical 

Considerations 
Comments 

 The type of 
study and 

methodology 
will be 

specified 

Key variables of 
the study will be 

determined 

The population 
and age of 

participants will be 
recorded 

The number of 
participants will 

be specified 

The findings of 
the research 
study and 

conclusion will 
be explained 

The 
significance of 
the results will 
be explained in 
relation to p-
value (when 
applicable) 

The level of evidence 
with consideration to 
the seven points (see 

next page) will be 
discussed 

Respect for 
human dignity, 

beneficence, and 
justice will be 

considered 

Additional 
comments, 

patterns, and 
considerations 

will be included 

Husemoen et 
al. (2012) 

A prospective 
cohort study 
with long 
follow up 
period  
 
Data obtained 
from Danish 
Civil 
Registration 
system 

Independent 
variables: Vitamin 
D status measured 
as serum 25(OH)D 
(collected in 288 
new cases and 2283 
controls), Waist 
circumference 
(WC),  overweight, 
obese, height, 
weight, BMI, 
%body fat.  
 
Self-administered 
questionnaire on 
lifestyle, medical 
history, family hx 
of diabetes, 
physical activity, 
smoking, diet, hx of 
cardiovascular 
disease, alcohol 
intake 
 
Dependent 
Variables: those 
patients with new 
cases of diabetes at 
10 year follow up 
(in patients not 
previously 

The Danish 
Monitoring Trends 
and Determinants 
of Cardiovascular 
Disease 
(MONICA) cohort 
of men and women 
41-71 years old 
(mean age 55). 
Median VD level 
61.2 nmol/l 
 
Randomly 
selected. 
 
Participants 
excluded from 
death (n=474), 
emigration (n=17), 
and diabetes 
within first year of 
follow up (n=22).  
 

Population 
without diabetes 
at baseline 
n=2577. 
 
Women n=1276 
(49.6%), men 
n=1295 (50.4%) 
 
 

288 participants 
developed 
diabetes at 16.4 
year follow up 
 
Serum VD level 
inversely 
associated with 
incidence of 
diabetes 
(adjusted for 
season of blood 
collection, sex, 
age, self-
questionnaire)  
in patients with 
high WC or high 
BMI.  
 
Strong effect of 
low VD level in 
diabetes with 
cardiovascular 
disease  
 

Significance 
defined as 
p<0.05, 
multivariate 
cox regression 
analysis to 
determine the 
association 
between VD 
and incidence 
of diabetes  
 
Significant 
interaction 
between VD 
and hx of CVD 
and T2DM 
p=0.026 
 
Significant 
interaction 
between VD 
level and WC 
and BMI 
(p=0.001 both) 

The long follow up 
period adds 
credibility to the 
methodology of the 
study. The study 
controlled for a large 
variety of 
cofounding 
variables, such as 
lifestyle, gender, and 
weight. The study, 
however, does not 
distinguish between 
type of diabetes, 
which may limit the 
generalizability of 
the study to patients 
with only T2DM.  

Study was 
approved by the 
Ethical 
Committee of 
Copenhagen, 
using principles 
of the Helsinki 
Declaration II  

Strength of this 
study is the 
long follow up 
period 
 
Does not 
distinguish 
between T2DM 
and T1DM 
 
Race was not 
specified, most 
assumed to be 
Danish 
 
CINAHL 
Group 2 
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diagnosed with 
diabetes). diabetes 
based on ICD-8 
codes for diabetes, 
frequent blood 
sugar checks, 
prescription of 
insulin or oral 
antidiabetic 
medications,  
 

Zoppini et al. 
(2013) 

Cross-sectional 
observational 
study 
 
Analyzed HER 
between 2011-
2012 

Independent 
variables: BMI, 
BP, A1C, diagnosis 
of HTN (> 140/90 
or taking antiHTN 
medication), GFR, 
urinary albumin (24 
hr sample), type of 
diabetic 
medications 
(insulin/oral/diet), 
age, duration of 
diabetes 
Dependent 
variables: VD 
level 25(OH)D 

Subjects were 
T2DM, average 
age 68 (range 26-
94), 61% women. 
 
Patients grouped 
into those with 
A1C greater than 
9% and those with 
A!C less than 9% 
 
Patients with A!C 
> 9% had BMI 
32.1, mean A1C 
10.6, 65% were on 
insulin, and 
average 10.4 years 
of diabetes 
duration 
 
Patients with A1C 
less than 9%, 62% 
on oral 
medication, BMI 
31.1, 39% males, 
and 10.5 average 
years of diabetes 
duration 
 
Excluded subjects 

Sample Size 
N=715 
 
A1C > 9% 
N=116 
 
A1C < 9% 
N=599 
 

Significant 
inverse 
relationship 
between A1C 
and VD level 
(p=0.003), no 
correlation 
between VD 
level and fasting 
plasma glucose 
(p=.122).  
 
Significant 
decline in VD 
levels seen at 
high A1C levels, 
especially in 
A1C greater 
than 9% 
 
High A1C level 
also 
corresponded to 
insulin treatment 
 
Results 
remained 
significant after 
adjusting for 
BMI with 

P< 0.05 set for 
significance 
 
Student’s t test 
and chi-squared 
used to analyze 
information 
among 
participants.  
 
Pearson’s 
correlation 
coefficient 
performed 
between 
variables 
 
Linear 
regression used 
for VD level 
and covariant 

Causality cannot be 
inferred due to the 
design of the study 
 
VD supplementation 
and sun exposure 
were controlled for 
during this  

The study was 
approved by the 
local ethics 
committee, no 
informed consent 
required because 
the information 
by obtained 
retrospectively 
and all 
identifying 
information was 
removed.  

Worse 
glycemic 
control may 
also correlate to 
poor diet and 
decreased sun 
exposure 
 
PubMed 
Group 2 
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with liver disease, 
or on dialysis 

multivariate 
linear regression 
 
A1C level is a 
significant 
indicator  of VD 
level, 
independent of 
BMI, duration 
of diabetes and 
nephropathy 
 

Tohidi et al. 
(2013) 

Community-
based nested 
case-control 
study 
 
Part of Tehran 
Lipid and 
Glucose Study 

Independent 
variables: age, sex, 
family history of 
diabetes, baseline 
systolic BP, 
triglycerides-to-
HDL ratio, weight 
to height ratio, 
physical activity, 
FPG, lifestyle 
modifications, 
baseline 2-h fasting 
glucose 
 
Dependent 
variable: VD level 

Subjects were 20-
83 yo adults part 
of the Tehran 
Lipid and Glucose 
Study with newly 
diagnosed T2DM 
at the third and 
fourth visit follow 
up (diabetes 
measured as those 
patients taking 
antidiabetic 
medications, or 
abnormal FPG or 
2-h post challenge 
glucose level). 
 
Matched controls 
were matched for 
age, sex, BMI, and 
month entering 
study 
 
Follow up 
occurred at 3.6 
years 

Total subjects in 
Tehran Lipid 
and Glucose 
Study N=761 
 
Included in 
nested case 
control N=191  
 
Matches control 
participants 
N=570 

VD levels below 
10 ng/ml was 
dramatically 
associated with 
increased 
incidence of 
T2DM at 4 year 
follow up, after 
adjusting for 2 
hour fasting 
blood glucose, 
there was no 
association 
 

Odds ratios 
were used for 
newly 
diagnosed 
T2DM 
 
Multivariant 
model adjusted 
for sex, age, 
family hx of 
diabetes, BP, 
triglycerides-
to-HDL ratio, 
weight to 
height ratio, 
physical 
activity, FPG, 
lifestyle 
modifications, 
baseline 2-h 
fasting glucose 
 

Month entering the 
study was taken into 
account for seasonal 
differences in VD 
level 
 
Determination  
T2DM based on use 
of antidiabetic 
medication may 
leave room for error, 
as some patients 
without T2DM may 
use antidiabetic 
medication (i.e. 
hormonal 
imbalances)  

Approved by 
National 
Research Council 
of Islamic 
Republic of Iran 

States that few 
prospective 
studies have 
measured 
baseline serum 
VD levels and 
the risk of 
T2DM 
 
VD observed to 
have beneficial 
effect on 
insulin due to 
balancing intra- 
and extra 
cellular 
calcium pools 
in  beta cells 
 
Although not 
specifically 
studied in 
specific race, 
study took 
place in 
Tehran, which 
makes the 
population 
mainly Middle-
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Eastern descent 
 
PubMed  
Group 2 
 

Usluogullari 
et al. (2015) 

Retrospective 
study 

Independent 
variables: VD 
level, gender, BMI, 
age, height, weight, 
A1C, VD level 
 
Dependent 
variables: 
prevalence of 
peripheral 
neuropathy 
(defined as 
abnormalities in 
monofilament 
testing) 

557 subjects 
included in this 
study, admitted to 
the Endocrinology 
outpatient Clinic 
January-March 
2010 
 
112 healthy 
controls randomly 
selected from 
individuals 
admitted to the 
hospital for routine 
check-ups 

T2DM patients 
N=557 
 
Healthy patients 
N=112 

No significant 
difference in 
vitamin D 
concentrations 
was observed in 
patients with 
T2DM and 
between control 
group 
 
No significant 
correlation in 
A1C level and 
vitamin D level 
was observed in 
T2DM patients 
 
Low 25(OH)D 
levels were seen 
in patients with 
T2DM and 
nephropathy and 
patients who 
were not taking 
anti-diabetic 
medication 

P< 0.05 set for 
significance 
level 
 
Independent 
samples t-test 
used for 
continuous 
independent 
variables, 
Mann-Whitney 
U test used for 
variables 
without normal 
distribution 
 
Nominal 
variable 
relationship 
assessed with 
Pearson Chi-
squared test 
and Fisher 
coefficient 

Retrospective studies 
often lack the ability 
to successfully 
retrieved all the 
information needed. 
This study is no 
exception. This study 
does not have as 
much value as 
prospective and 
RCT, therefore the 
generalizability of 
the results are 
limited.  
 
Causality cannot be 
determined due to 
the retrospective 
study design 

Study completed 
in accordance 
with the 
International 
Conference on 
Harmonization 
Good Clinical 
Practice (ICH-
GCP) Guidelines 
and in 
accordance with 
the Declaration 
of Helsinki. 
 
Study approved 
by the Ethical 
Committee of 
Ataturk Training 
and Research 
Hospital 

This study 
shows that 
there is an 
increased risk 
for metabolic 
abnormalities 
and diabetes in 
patients with 
vitamin D 
deficiency. 
Additionally, 
this study 
shows that 
vitamin D 
deficiency is 
more common 
in patients with 
T2DM and 
nephropathy. 
This study 
provides 
evidence in the 
importance of 
screening for 
vitamin D 
deficiency in 
T2DM patients 
in order to 
prevent future 
complications. 
 
PubMed 
Group 2 
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Esteghamati 
et al. (2014).  

Matched case 
control study 
 
Conducted in 
outpatient 
diabetic clinics 
(n=4) 

Independent 
variable: gender, 
lipid level (HDL, 
LDL, total, 
triglycerides), 
serum insulin, c-
peptide level, 
HOMA-B level 
(beta-cell function), 
FPG, A1C, weight, 
height, BMI, WC, 
BP (seated) 
 
Dependent 
variable: serum 
25(OH)D level 

Patients with 
T2DM were 
diagnosed based 
on American 
Diabetes 
Association 
diagnostic criteria. 
Patients with 
impaired glucose 
tolerance or 
impaired fasting 
glucose were 
labeled 
prediabetic. 
Patients with 
dyslipidemia were 
on fibrates and 
statins, T2DM 
patients were on 
metformin or 
sulfonylurea.  
 
Mean age 54.3 
years 
 
Subjects were 
Caucasian (not out 
of exclusion) 
 
Exclusion: 
Pregnant or 
gestational 
diabetes hx, 
autoimmune 
disease, 
corticosteroid use, 
hx of cancer in last 
5 years, taking 
hormone 
containing drug, 

T2DM patients 
N=1195 
 
Prediabetic 
patients N=121 
 
Healthy controls 
N=209 

VD level < 
20ng/ml was 
found in 59.1% 
of subjects 
 
T2DM subjects 
had significantly 
lower VD levels 
compared to 
matched health 
controls 
 
VD deficiency 
inversely 
associated with 
insulin 
resistance (FPG, 
HbA1C, 
HOMA-IR) in 
healthy adults 
 
Patients in the 
T2DM group 
has lower VD 
level, compared 
to those who 
were prediabetic 
or healthy 
 
Subjects with 
T2DM and VD 
level < 40 ng/ml 
had lower 
endogenous 
insulin 
production in 
response food 
intake 
 
T2DM women 

Power of the 
study 80% 
 
Significance set 
at p< 0.05 
 
Chi squared 
test analyzed 
categorical 
variables 
 
Independent t-
test used to 
assess glycemic 
measurements 
between groups 
with VD level 
 
Bivariant 
correlation 
tested VD level 
association 
with glycemic 
control 

Observational studies 
limit the ability to 
determine causality 
between VD level 
and glycemic control 
 
Seasonal changes 
were also not 
adjusted for because 
VD level was only 
taken once 
 
Although gender 
differences were 
highlighted, the 
overall findings of 
this study are 
generalizable, 
although causality 
cannot be proven.  

Institutional 
review board 
approved the 
study and 
subjected were 
treated according 
to Helsinki 
Declaration 

 

This study 
discusses some 
gender 
differences 
between VD 
levels and 
insulin 
resistance.  
 
This study 
shows that 
vitamin D may 
affect glucose 
metabolism 
differently in 
T2DM patients 
in comparison 
to healthy 
individuals 
 
PubMed 
Group 2 
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taking more than 3 
HTN medications, 
patients on insulin. 
 
Participants were 
labeled according 
to WHO’s BMI 
classification as 
normal, 
overweight, 
moderately obese, 
severely obese, 
very severely 
obese 

with VD level < 
20ng/ml had 
lower beta cell 
function 
(HOMA-B) 
compared to 
T2DM women 
with VD level > 
40 ng/ml.  
 
Nondiabetic 
controls with 
VD level < 
20ng/ml had 
increased 
HOMA-IR, 
FPG, A1C 
(independent of 
obesity) 
 
Men with VD 
level < 20ng/ml 
had low C-
peptide levels 
 

Yang et al. 
(2016) 

Prospective 
cross sectional 
study 

Independent 
variable: height, 
BMI, hip-waist 
ratio, Ca, P, BP, 
A1C, FBG, lipids, 
HOMA-IR, 
HOMA-B, 
AUCglu(glucose 
response to insulin) 
 
Dependent 
variable: VD level 
(VD <37.5nmol/l 
set for deficiency) 

T2DM subjects 
newly diagnosed 
33-70 years’ old 
 
Excluded for the 
presence of 
diabetic 
complications, 
renal disease, 
hepatic disease, 
taking antidiabetic 
medications, 
smoking, chronic 
alcohol use 
 
Healthy controls 

T2DM subjects 
N=97 
 
Healthy controls 
N=69 
 
TOTAL N=166 

VD level 
significantly 
lower in patients 
with T2DM 
compared to 
healthy control 
(p<0.01) 
 
Prevalence of 
VD deficiency 
was 62.89% in 
diabetic group, 
significantly 
higher than 
healthy controls 
(P<0.01) 

P value < 0.05 
set for 
significance 
 
Normally 
distributed data 
assessed with 
the independent 
samples t-test 
or one-way 
ANOVA 
 
Pearson’s 
correlation and 
multiple 
stepwise 

Causality cannot be 
determined based on 
the study design 
 
Many cofounding 
variables were 
assessed and 
controlled 

Approved by the 
institutional 
review board of 
human subjects 
 
All subjects were 
given informed 
consent 

EMBASE 
Group 2 
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were age-sex 
matched 

When 
controlling for 
other variables 
among T2DM 
those with VD 
deficiency, low 
VD levels 
correlated with 
A1C level, 
FBG, 2-hr blood 
glucose, 
AUCglu, 
creatinine 
clearance 
 
VD levels were 
higher in 
patients with 
lower A1C 
levels (p<0.01) 
 

regression used 
to assess VD 
level and 
HOMA-B and 
AUCglu 

Siddiqui et 
al. (2016) 

Comparative 
study 

Independent 
variables: healthy 
vs diabetic subjects 
 
Dependent 
variables: VD 
levels, A1C level, 
FPG, post prandial 
glucose 

All subjects were 
35-65 years old, 
age and sex 
matched 
 
Healthy subjects 
had FPG < 100 
and postpradial 
plasma glucose < 
140 
 
T2DM subjects 
diagnosed 
according to ADA 
criteria 
 
Excluded subjects 
with infections, 
fever, malignancy, 
renal/hepatic 

T2DM subjects 
N=50 
 
Healthy controls 
N=50 

VD levels were 
significantly 
lower in 
subjects with 
T2DM 
(p<0.001) 
 
A1C level, FPG, 
and post 
prandial glucose 
were higher in 
T2DM subjects 
(p<0.001) 
 
VD level 
negatively 
correlated with 
A1C level 
(p<0.05) 
 

P value < 0.05 
set for 
significance 
 
Student’s t test 
used to test 
between groups 
 
Pearson 
correlation 
coefficient used 
to assess 
variable 
correlation 

Causality cannot be 
determined based on 
the study design 

All subjects were 
given informed 
consent 
 
Approved by the 
ethics committee 
of the college 

EMBASE  
Group 2 
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disease, 
hypertension, 
taking NSAIDs 

Hyperglycemia 
is linked with 
decreased VD 
levels 
 

Olt (2015) Retrospective 
study 

Independent 
variables: A1C, 
WBC, hemoglobin, 
platelet count, 
neutrophil, 
lymphocyte, RDW, 
MPV, total 
cholesterol, 
triglyceride, LDL, 
HDL, ALT, 
creatinine 
 
Dependent 
variables: VD 
levels 

All subjects have 
T2DM, average 
age 57.7 years old, 
26.6% female 
 
Patients divided 
into good 
glycemic control 
A1C< 7% and 
poor glycemic 
control with A1C 
>7% 
 
Average A1C 
level of all patients 
9.18 
 

T2DM subjects 
N=128 

 98.3% of the 
subjects with 
T2DM were 
vitamin D 
deficiency 
 
High RDW 
levels correlated 
with high A1C 
levels 
 
VD level was 
not associated 
with glycemic 
control 

P value < 0.05 
set for 
significance 
 
T test and 
Mann-Whitney 
U-test used to 
determine 
normality 
 
ROC curve 
regression test 
used for 
correlation 

Causality cannot be 
determined due to 
study design 
 
Retrospective design 
limits validity due to 
inability to control 
cofounding variables 
such as sunlight, 
medication, and diet 

Approved by the 
local hospital 
ethics board 

EMBASE 
Group 2 

Kostoglou-
Athanassiou 
et al. (2013).  

Cross-sectional 
study 

Independent 
variables: A1C 
level in all patients, 
age, duration of 
diabetes 
 
Dependent 
variable: VD 
levels 

T2DM group: 
aged 25-82 yo, 
mean age 56.8. 
treated with diet or 
oral antidiabetic 
medications 
 
Control group: 
healthy control, 
matched for age 
and gender 

T2DM subjects 
N=120 
 
Control group 
N=120 

A1C level 
higher in T2DM 
group at 7.2% 
 
VD levels were 
lower in T2DM 
group compared 
to the control 
group 
 
17.5% of T2DM 
subjects had VD 
deficiency 
(<10ng/ml) 
 
63.3% T2DM 
subjects had VD 
insufficiency 
(compared to 

P value < 0.05 
set for 
significance 
 
Student’s t test 
used to 
compare the 
control group 
to case group 
 
Regression 
analysis used to 
measure VD 
level to A1C 
comparison 
 
Chi-squared 
test used to 
compare 

Causality cannot be 
determined based on 
the study design 

Study approved 
by the local 
ethics committee 
at Metaxa 
Hospital 

EMBASE 
Group 2 
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23.3% in control 
group) 
(<20ng/ml) 
 
VD level 
inversely 
associated with 
A1C level 
 

subjects with 
VD deficiency 
between case 
and control 
groups 

Cimbeck et 
al. (2013) 

Case-control 
study 

Independent 
variables: BMI, 
gender, age, FPG, 
fasting insulin, 
lipids, creatinine, 
calcium, 
phosphorous, PTH, 
TSH, albumin, 
HOMA-IR 
 
Dependent 
variables: VD 
levels 
 

T2DM subjects: 
61% female 
 
Subjects excluded 
with renal disease, 
liver disease, skin 
disorders, 
malabsorption, 
inflammatory 
bowel disease, 
celiac disease, 
taking medications 
known to reduce 
the VD level 

T2DM subjects 
N=101 
 
Healthy controls 
N=60 

VD level in 
diabetic patients 
negatively 
correlated with 
BMI (p<0.001), 
A1C, (P<0.05), 
fasting insulin 
(p<0.05), 
HOMA-IR 
(p<0.05), and 
PTH levels 
(p<0.05) 

P values < 0.05 
set for 
significance 
 
Student’s t test 
used to 
compare 
between groups 
 
Mann-Whitney 
U test used for 
non-parametric 
data 
 
Pearson’s 
correlation 
coefficient used 
to test 
correlation 
between 
variables.  
 

Duration of diabetes 
was not taken into 
consideration 

Conducted in 
accordance with 
the Declaration 
of Helsinki 
 
Approved by the 
local ethics 
committee 
 
All subjects 
received 
informed consent 

EMBASE 
Group 2 

Calvo-
Romero et al. 
(2015) 

Cross-sectional 
study 

Independent 
variables: age, 
gender, Charlson 
index 
(comorbidities), 
BMI, GFR, insulin 
therapy or not on 
insulin therapy, 
A1C, fasting 
insulin, HOMA-IR, 

All subjects had 
T2DM, 77 w/o 
insulin therapy, 26 
on insulin therapy. 
Average age 72.9, 
49% with BMI 
greater than 30, 
20.4% with altered 
GFR 
 

Total subjects 
N=103 

72 subjects had 
VD level < 
20ng/ml 
 
inverse 
correlation 
between VD 
level and A1C 
level (p=0.001) 
and 

P value < 0.05 
set for 
significance 
 
Chi-squared 
test and 
Fisher’s exact 
test performed 
to compare 
proportions 

Causality cannot be 
determined based on 
the study design 
 
This study showed 
that a BMI >30 leads 
to decreased VD 
level. Obesity is 
already a marker for 
screening for VD 

Approved by 
ethics committee 
of local hospital 

EMBASE 
Group 2 
 
Conducted in 
Southern Spain 
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hs-CRP 
 
Dependent 
variables: VD level 
(<20 ng/ml or 
>20ng/ml) 

Subjects excluded 
on VD 
supplements 

Homeostasis 
Model 
Assessment-
Insulin 
Resistance 
(p<0.001) 
VD levels lower 
in patients with 
BMI > 30 
 
Inverse 
correlation 
between VD 
level and hs-
CRP (p<0.001) 
 

Students t test 
used to 
compare means 
 
Correlation 
coefficient (r) 
used  to assess 
correlation 
between 
variables 

deficiency 

Bayani et al. 
(2014) 

Cross sectional 
study 

Independent 
variable: age, 
gender, duration of 
diabetes, incidence 
of diabetes vs 
healthy subjects 
 
Dependent 
variables: VD 
levels (ng/dl) 

Two groups, one 
with T2DM, one 
with health 
gender/aged 
matched 
individuals 
 
Mean age of 
T2DM group 51.2, 
mean age in 
control group 50.6 
years old (between 
30-60 yo) 
 
Excluded 
individuals taking 
VD containing 
supplement, bone 
disorder, 
autoimmune 
diseases, patients 
treated with 
corticosteroids, 
anticonvulsants 
 

T2DM subjects 
N=120 
 
Health controls 
N=120 
 
50 males and 70 
females in each 
group 

Mean VD level 
in T2DM group 
was 18.7ng/dl 
compared to 
Mean VD level 
in control group 
24.6ng/dl 
(P=0.002) 
 

P value < 0.05 
set for 
significance 
 
Differences in 
VD level was 
tested with the 
t-test 

Causality cannot be 
determined based on 
study design 

Unable to 
determine ethical 
background due 
to lack of 
reporting 

EMBASE 
Group 2 



 
 
 

 
94 

Control group 
matched for age 
and sex 
 
VD levels 
collected in the 
same season 
 

Bashir et al. 
(2016)  

Descriptive 
cross-sectional 
study 

Independent 
variable: duration 
of diabetes, 
diabetes 
complications, 
diabetes 
medication, A1C,  
 
Dependent 
variable: VD level 
(<30ng/ml set as 
low VD status) 

Patients were 
selected from 
outpatient clinic 
using non-
probability 
convenient 
sampling 
 
Patients were 
T2DM patients 
excluded based on 
acute illness, 
taking VD altering 
medications, 
pregnant, chronic 
liver or kidney 
disease 
 
Average age 46.7, 
45.2% males, 
average duration 
of diabetes 7 
years, mean 
fasting blood 
glucose 170, mean 
random blood 
glucose 26, 62% 
had A1C level > 
7% 
 
82% on oral 
antidiabetic 
medications, 4.2% 

Subjects N=168 Mean VD level 
15.9 ng/ml. 
 
80.8% deficient 
in VD 
 
13.4% 
insufficient 
 
5.4% sufficient 
VD 
 
random blood 
glucose and 
A1C 
significantly 
associated with 
VD status 
(P<0.01).  
 
 

P value < 0.05 
set for 
significance 
 
Frequency and 
percentages 
used for 
categorical 
variables 
 
Chi-squares 
used for VD 
level relation to 
glycemic 
control 

Causality cannot be 
determined due to 
study design 
 
Results are 
generalizable due to 
the 
inclusion/exclusion 
criteria, however it 
was conducted in 
Pakistan with known 
increased prevalence 
of VD deficiency 
 
Sunlight was not 
controlled for in this 
study 

Approved by the 
local ethical 
committee 
 
All subjects 
given informed 
consent 

EMBASE 
Group 2 
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on insulin 
 

Al Saweer 
(2015) 

Cross-sectional 
study 

Independent 
variable: level of 
education, duration 
of diabetes 
(diagnosed based 
on ADA criteria), 
sex, age, BP, BMI, 
WC, A1C, fasting 
insulin, PTH, 
calcium, 
phosphorous 
 
Dependent 
variable: VD level 

All participants 
had T2DM 
according to the 
ADA criteria. 
Subjects were on 
oral antidiabetic 
medication 
 
Average age 57.6 
years, 57% male, 
45.5% had 
minimal 
education, 15.7% 
had higher 
education, average 
diabetes duration 
8.5 years.  
 
All subjects had a 
family hx of 
T2DM 
 
Subjects were 
excluded who 
were ill, pregnant, 
had autoimmune 
diseases, or taking 
medications 
known to interfere 
with VD 
 

T2DM subjects 
N=268 
 
 

176 (65.7%) 
subjects found 
to be VD 
deficient 
(<20ng/ml), 77 
(28.7%) were 
VD insufficient 
(21-29ng/ml), 
15 were VD 
sufficient (> 
28ng/ml) 
 
The following 
were found to be 
significant: 
fasting insulin 
(0.037), PTH 
(0.0449), gender 
(0.0001), BMI 
(0.0078), WC 
(0.0065) 
 
female gender 
associated with 
higher VD 
deficiency 
 
higher WC and 
BMI associated 
with greater VD 
deficiency 

P <0.05 set for 
significance 

c-peptide was not 
collected in all 
subjects due to 
budget constraints 
 
causality cannot be 
determined based on 
study design 

All participants 
received 
informed consent 
 
No conflicts of 
interest reported 
by the author 

EMBASE 
Group 2 
 
This study had 
limited 
information on 
statistical 
analysis  
 
This study 
showed that 
WC and BMI 
were correlated 
to VD level in 
T2DM, this is 
information 
that is already 
known, as 
obesity is tied 
to VD 
deficiency.  

Bachali et al. 
(2013) 

Case-control 
study 

Independent 
variables: T2DM 
incidence, VD level 
(< 20ng/ml, 
<20ng/ml) 
 
Dependent 
variables: FBG, 

Control group: 
health individuals 
without diabetes, 
HTN, CVD, 
cerebrovascular 
disease. 
 
T2DM group: 

Control group 
N=50 
 
T2DM group 
N=49 
 
T2DM group 
<20ngml N=18 

T2DM subjects 
had lower VD 
level (20.07 
ng/ml) 
compared to 
normal control 
(23.89 ng/ml) 
 

P < 0.05 
considered 
significant.  
 
Student’s t test 
used to assess 
between 
cases/controls 

Causality cannot be 
confirmed due to the 
study design 
 
BMI was not 
measured in all 
participants or 
compared between 

All participants 
received 
informed 
consent, study 
approved by the 
institutional 
ethics committee. 

EMBASE 
Group 2 
 
VD’s effect of 
glucose 
metabolism is 
thought to be 
due to the 
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cholesterol(total), 
triglycerides, HDL, 
fasting insulin, 
PTH, calcium, 
albumin, HOMA-
IR 

recruited from 
internal medicine 
clinic. Divided 
into two groups 
VD < 20ng/ml and 
VD> 20ng/ml 
 
Mean age of both 
groups 45 yo. 
Participants 
excluded with 
renal , hepatic, 
cardio, cerebro 
disorders, PCOS 
were excluded, 
subjects on 
calcium or VD 
supplement 
excluded 

T2DM group > 
20ng/ml N=31 

Insulin 
resistance was 
higher in 
subjects with 
VD deficiency.  
 
Statistical 
significance 
between groups 
of T2DM 
patients for 
insulin (0.028), 
HOMA-IR 
(0.037)  

Pearson’s 
correlation 
coefficient used 
to assess 
between 
continuous 
variables 

groups, as obesity 
and VD has already 
been proven to have 
a connection 
 

distribution of 
the VDR within 
the pancreatic 
beta cells and 
within skeletal 
muscle and 
adipose tissue 
 
VD stimulates 
the expression 
of insulin 
receptors 
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APPENDIX G: 

GROUP 2B DATA EXTRACTION TABLES 
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Article 
Citation 

Methodology 
of study 

Variables Population/Age 
/Characteristics 

Sample size (n) Results Statistical 
Significance 

Level of Evidence Ethical 
Consideration 

Comments 

 The type of 
study and 
methodology 
will be 
specified 

Key variables 
of the study 
will be 
determined 

The population and 
age of participants 
will be recorded  

The number of 
participants will 
be specified 

The findings of 
the research study 
and conclusion 
will be explained 

The significance of 
the results will be 
explained in relation 
to p-value (when 
applicable) 

The level of evidence 
with consideration to 
the seven points (see 
next page) will be 
discussed 

Respect for 
human dignity, 
beneficence, 
and justice 
will be 
considered 

Additional 
comments, 
patterns, 
and 
consideratio
ns will be 
included 

Lee at al. 
(2012) 

Cross-sectional 
study 

Independent 
variable: 
Vitamin D 
deficiency or 
insufficiency, 
age, DM 
duration, HTN 
duration.  
 
Dependent 
variable: 
arterial 
stiffness 
(assessed by 
pulse wave 
velocity 
[PWV]), 
fasting plasma 
glucose (FPG), 
insulin, lipid 
profile, A1C, 
calcium, 
phosphorous, 
and HS-CRP 

 Men and women > 
30 years old 
residing in Korea. 
Creatinine < 
1.2mg/dl, no 
hypercalcemia, no 
hx of CVD 
complications. 
Alkaline 
phosphatase (96-
254 IU/l).  
 

Male n=131, 
women n=174 
 
Total n=305 
 
Vitamin D 
deficient (n=262), 
VD insufficient 
(n=34), sufficient 
(n=9) 

PWV (p<.05), 
HTN duration 
(p<.05), A1C 
(p<.05),  total 
cholesterol 
(p<.05),  
triglycerides 
(p<.05),  LDL 
cholesterol 
(p<.05) were 
significantly 
different between 
those with 
vitamin D 
deficiency and 
those with 
vitamin D 
insufficiency or 
sufficient 
 
Arterial stiffness 
in patients with 
T2DM directly 
correlates with 
VD level (after 
age and BP were 
adjusted) 

Independent t-test 
was performed with 
univariante person 
correlation 
coefficients, p value 
set at P<0.05 with 
Bonferroni 
correction 
 
Multiple step-wise 
regression analysis 
was also performed 
on the independent 
variables 

This study was 
conducted in Korea 
between September and 
November. Although 
patients did not have to 
be Korean to participate 
it is assumed that 
majority of the 
participants were 
Korean, as race was not 
specified. This limits 
the generalizability, 
however still remains 
valuable knowledge 
related to the 
relationship between 
VD level in T2DM and 
arterial stiffness. Also, 
a matched control 
group was not used and 
PTH was not measured, 
which may be a 
variable in VD level 
and arterial stiffness.   

Approved by 
the University 
of Catholic 
Medical 
Center 
Intuitional 
Review Board.  

Diabetes is 
a strong 
risk factor 
for CVD  
 
Unknown 
whether 
replacing 
vitamin D 
with 
supplement
s would 
improve 
arterial 
stiffness in 
patients 
with T2DM 
 
CINAHL 
Group 2: 
Complicati
ons 
 

Reddy et 
al. 
(2015) 

Cross-sectional 
case control 
study 

Independent 
variables: 
visual acuity, 
A1C, fasting 
plasma 

Test group: T2DM 
patients with and 
w/o retinopathy 
were matched for 
diabetes duration. 

Subjects with 
T2DM N=164 
(with retinopathy 
n=82, without 
n=82) 

Baseline 
characteristics 
between groups 
for gender, mean 
age, BMI, and 

Statistical 
significance set at 
p<0.05 
 
90% power with 

Causality cannot be 
proved based on the 
study’s methodology 
 
Sunlight exposure was 

Approved by 
the Intuitional 
Ethics 
Committee of 
Pushpagiri 

Study 
shows that 
patients 
with T2DM 
have lower 
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glucose, lipid 
profile, plasma 
insulin, 
calcium level, 
BMI, age, 
hemoglobin 
level, duration 
of diabetes 
 
Dependent 
variables: VD 
levels between 
groups 
 
Indirect 
ophthalmoscop
y, slit-lamp 
biomicroscopy, 
and fundus 
fluorescein 
angiograph 

Most patients were 
taking antidiabetic 
medication 
 
Control group: 
families/friends of 
employees at the 
National institute 
of Nutrition, less 
than 50 yo, no 
heart or renal 
disease 
 
Subjects were 
excluded if they 
were on any 
supplements in the 
last 6 months or 
had a hx of 
nephropathy 

Control group w/o 
T2DM N=99 

hemoglobin levels 
 
A1C levels were 
comparable 
between patients 
in both T2DM 
groups 
 
Lipid levels were 
comparable 
between groups, 
HDL level was 
lower in diabetic 
group 
 
Baseline VD level 
in all groups were 
below normal.  
 
VD level lower in 
patients in the 
T2DM groups. No 
difference 
between VD level 
between groups 
with retinopathy 
and without 
retinopathy.  
 
In all groups, VD 
level associated 
with glucose 
(p=0.003), A1C 
level (p=0.006), 
and diabetes 
duration 
(p=0.007), 
independent of 
age or BMI 

current sample size 
 
Mean values across 
groups conducted 
with one-way F test 
and post hoc test 
 
Spearman rank 
correlation 
coefficient use to 
assess variables’ 
relationship 

not controlled for in 
this study 
No cause-effect 
implications available 
 
Provides more 
correlational evidence 
in low VD levels in 
patients with T2DM 

Vitreo Retina 
Institute and 
National 
Institute of 
Nutrition 
 
In accordance 
with 
Declaration of 
Helsinki 
 
All subjects 
were given 
informed 
consent 

vitamin D 
levels 
compared 
to healthy 
controls 
 
PubMed 
Group 2: 
Complicati
ons 
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Heidari 
et al. 
(2015) 

Prospective 
open-cohort 
study 
 
Community-
based 

Independent 
variables: age, 
duration of 
diabetes, 
medication hx, 
height, weight, 
BMI, waist 
circumference 
(WC), BP, 
FPG, 2hr 
postprandial 
glucose, A1C, 
lipids, C-
peptide, 
creatinine, VD 
level 
(deficiency < 
20ng/ml, 
insufficiency 
20-30ng/ml), 
smoking status, 
lipid-lowering 
drug use, 
serum 
creatinine 
 
Dependent 
variables: 
physician 
adjudicated 
first CHD 
event (angina 
pectoris, MI, 
CHD death, 
coronary 
insufficiency) 

Mean age 54.7, 
54.71% males 
Diabetic subjects: 
treated with 
lifestyle changes, 
metformin, 
glibenclamide, or 
both). Patients with 
malignancy, CHD 
at baseline, using 
insulin were 
excluded. Diabetes 
diagnosis 
according to the 
American Diabetes 
Association 
guidelines 
 
Followed for 8.5 
years with none 
lost to follow up 
 
Subjects split into 
4 groups based on 
VD level 1(< 13.4 
ng/ml), level 
2(13.4-17.6ng/ml), 
level 3 (17.6-
21.3ng/ml), level 4 
(>21.3ng/ml) 
 
 

Diabetic subjects 
N=2607 
Healthy subjects 
(controls) 
N=3286 

299 patients 
(11.47%) 
experienced CHD 
events at the 8.5 
year follow up 
 
subjects with the 
lowest VD level 
(in level 1) 
experienced more 
CHD events 
 
The incidence of 
CHD events 
decreases as 
serum VD 
increased (P< 
0.001) 

Cox regression 
analysis- for 
survival analysis 
between 4 
subgroups based on 
VD level 
 
Assumption of 
linearity verified by 
martingale residuals 
 
Framingham Risk 
Scoring used for 
continuous variables 
(age, sex, lipids, BP, 
diabetes duration, 
smoking) 
 
Adjusted hazards 
ratio with 95% CI 
used to compare 
level 1-4 
 
P value < 0.05 
considered 
statistically 
significant 

Large sample size 
improves the 
generalizability of the 
results 
 
PTH and calcium were 
not able to be 
measured, which may 
affect CHD and VD 
levels, therefore 
reducing the quality of 
this study 
 

Approved by 
the Tehran 
University of 
Medical 
Sciences in 
accordance 
with the 
Declaration of 
Helsinki 

VD is 
associated 
with 
improved 
endothelial 
function 
and 
decreased 
vascular 
stiffness, 
and 
decreased 
coronary 
calcificatio
n 
 
Some 
suggestions 
that low 
VD may 
lead to the 
developmen
t of HTN in 
patients 
with T2DM 
 
PubMed 
Group 2: 
Complicati
ons 

Hermann 
et al. 
(2015) 

Nested-case 
control 
prospective 
study part of 

Independent 
variable: VD 
level (<50 
nmol/L were 

Divided into two 
groups based on 
VD level (less than 
50nmol/L and 

Total N=9795 
 
VD levels > 
50nmol/L 

Inverse 
association 
between VD level 
and 

Cox proportional 
hazards models for 
macrovascular 
events  

Shows correlation, but 
does not necessarily 
prove causality due to 
the study design 

Subjects given 
written 
informed 
consent 

VD level 
predicted 
the 
incidence 
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the Fenofibrate 
Intervention 
and Event 
Lowering in 
Diabetes 
(FIELD) 
double-blind, 
placebo-
controlled trial  
 
Randomized 
design 

deemed low), 
hsCRP, report 
of physical 
activity, age, 
diabetes 
duration, A1C, 
systolic BP, 
BMI, lipids, 
smoking, 
baseline use of 
antidiabetic 
medications, 
baseline use of 
insulin 
 
Dependent 
variable: 
macrovascular 
complication 
(MI or stroke) 
incidence, 
microvascular 
(retinopathy, 
nephropathy, 
neuropathy, 
amputation) 
incidence 

greater than 
50nmol/L) 
 
Subjects with low 
VD (< 50nmol/l) 
had 0.3% higher 
A1C, higher hc-
CRP, higher BMI, 
fewer smokers 
 
Study groups 
matched for 
baseline 
characteristics 
 
Age 50-75 years, 
with T2DM 
(according to 
WHO diagnostic 
criteria) 
 
Exclusion criteria: 
renal impairment, 
chronic liver 
disease, 
cardiovascular 
event in last 3 
months, gall 
bladder disease 
 
Median VD level 
for subjects 
49nmol/l  

N=4560 
 
VD level < 
50nmol/L N= 
4964 
 

macrovascular 
and microvascular 
disease. 
Higher VD level 
showed reduction 
of macrovascular 
disease by 20% 
and microvasculat 
18% 
 
At 5 year follow 
up, 1250 patients 
had at least one 
macrovascular 
event, 2395 had 
one microvascular 
event. 1632 had 
new or worsening 
nephropathy and 
651 had new 
neuropathy 
 
VD level 
independently 
predicted 
macrovascular 
event over 5 years 
(controlled for 
multivariable 
analysis) 
 
VD level was 
associated with 
new 
microvascular 
complications at 5 
year follow up 
 

Logistic regression 
for microvascular 
complications 
 
Chi-squared test 
used to assess 
categorical variables 
 
Adjusted models for 
age diabetes 
duration, A1C, 
systolic BP, BMI, 
lipids, smoking, 
baseline use of 
antidiabetic 
medications, 
baseline use of 
insulin 
  
Kaplan-Meier 
method used to 
assess cumulative 
risk for 
micro/macrovascula
r events 

The large number of 
participants increases 
the generalizability of 
the results 
 
The fact that this study 
was done within a 
larger design testing 
fenofibrate treatment, 
which is known to 
reduce microvascular 
and cardiovascular 
complications 

Study design 
approved by 
the local and 
national ethics 
committee in 
accordance 
with the 
Declaration of 
Helsinki and 
Good Clinical 
Practice 
guideline 

of 
macrovascu
lar and 
microvascul
ar 
complicatio
ns 
 
Questions 
whether 
VD 
supplement
ation may 
improve the 
risk of 
microvascul
ar and 
macrovascu
lar 
complicatio
ns in T2DM 
 
Prospective 
research to 
show that 
low VD 
may be an 
indicator 
for diabetic 
complicatio
ns 
 
PubMed 
Group 2: 
Complicati
ons 
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Chen et 
al. 
(2014) 

Cross-sectional 
study 

Independent 
variables: 
serum 
25(OH)D level, 
FPG, total 
cholesterol 
(TC), 
triglyceride 
(TG), LDL 
cholesterol, 
HDL 
cholesterol, 
A1C, resistance 
index (RI) of 
carotid artery 
 
secondary 
variables:  age, 
gender, 
education level, 
smoking hx, 
sleep status, hx 
of 
HTN/dyslipide
mia, waist 
circumference 
(WC), BMI, 
BP, 
medication/sup
plement use 
 
Dependent 
variables: 
MoCA score 

Outpatient hospital 
in Shanghai. 
Montreal Cognitive 
Assessment score 
(MoCA) used to 
assess for cognitive 
impairment. 
Patients divided 
into two groups 95 
with McCA < 26 
(MCI), 70 with 
MoCA > 26 (no 
MCI) 
 
Patients excluded 
if they had DKA in 
last 3 months, heart 
failure, renal 
failure, lung 
disease, stroke, 
cerebral 
hemorrhage, 
evidence of central 
nervous damage, 
chronic diseases 
that cause 
dementia, history 
of psychiatric 
illness, history of 
taking 
antidepressants, 
use of cognitive 
impairment drugs.  

N=165 patients 
with T2DM 

123 patients 
(74.5%) with 
levels < 30ng/mL  
 
Patients with MCI 
had longer 
duration of 
T2DM, lower 
education level, 
HTN history, 
elevated FPG, 
max-RI and min-
RI, and lower 
level of VD.  

P value < 0.05 deemed 
significant 
 
Differences between two 
groups assessed with 
unpaired t test or Chi-
squared test. The Pearson 
correlation was used to 
assess MoCA and VD level 
associations.  
 
Stepwise multilinear was 
performed to determine 
predictors for MoCA scores.  
 
Low VD levels were found 
in patients with MCI (p< 
0.05).  
 

This study is 
correlational, 
rather than 
causational. It 
is difficult to 
determine 
whether VD 
may play a 
protective role 
in preventing 
MCI in patients 
with T2DM, 
however this is 
the author’s 
claim. 
However, this 
study is 
valuable in 
determining 
that longer 
duration of 
T2DM and low 
VD levels are 
present in 
patients with 
MCI. Although 
this study took 
place in 
Shanghai, it did 
not specify that 
all participants 
were of Asian 
decent. Also 
there was a 
small sample 
size, which 
limits the 
generalizability 
of the results.  

Followed 
Declaration of 
Helsinki, 
approved by 
local medical 
ethics 
committee. 
Written 
informed 
consents given 
to all 
participants.  

This study 
suggests 
that VD 
may be a 
protective 
factor 
against 
cognitive 
impairment 
in patients 
with T2DM 
 
Hypovitami
nosis D is 
highly 
prevalent in 
patients 
with T2DM 
and may 
lead to 
metabolic 
syndrome 
 
PubMed 
Group 2: 
Complicati
ons 
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Alcubier
re et al. 
(2015) 

Observational 
case-controlled 
study 

Dependent 
variables: 
 
Independent 
variables: 
vitamin D level 
(deficiency 
defined as < 
20ng/mL), age, 
sex, race, 
hemoglobin 
A1C, 
creatinine, 
disease 
duration, BMI, 
physical 
activity, HTN 
medication, 
vitamin D and 
C intake, and 
lipid lowering 
medication use 

Participants with 
T2DM were 
selected from a 
tertiary referral 
center for 
ophthalmology and 
endocrinology in 
Spain.  
Subjects has 
normal kidney 
function (GFR), 
participants 
without retinopathy 
had normal 
albumin:creatinine 
ratios, patients with 
retinopathy had 
albumin:creatinine 
ration < 300 mg/g, 
all had no CAD, 
CVD, PAD, no 
diabetic foot 
disease. 
 
Retinopathy was 
classified 
according to 
internationally 
accepted 
classifications 
 
Both groups had 
similar dietary 
intake of vitamin 
and calcium 
 
Participants with 
retinopathy were 
divided into groups 
grade 1: 63; grade 

Patients with 
retinopathy 
N=139 
 
Patients without 
retinopathy N= 
144 

Seasons were 
adjusted for based 
on time of blood 
collection: Fall, 
winter, spring, 
summer.  
 
Patients with 
retinopathy had 
longer duration of 
diabetes, higher 
A1C levels, and 
used HTN 
medications.  
 
Patients with 
retinopathy had 
lower VD levels. 
The number of 
patients with 
retinopathy with 
VD levels below 
20ng/mL was 
significantly 
higher, with the 
highest relative 
risk of retinopathy 
below 15 ng/m 
(even when other 
variables are 
considered).  
 
BMI was 
inversely 
associated with 
VD levels.  
 
Patients with 
advanced 
retinopathy (grade 

P value < 0.05 deemed 
significant 
 
Standard deviations, Means 
and absolute frequencies 
were computed in variables 
The Mann-Whitney test and 
Chi-squared test was used to 
assess between groups. 
 
Linear regression model 
used to assess vitamin D 
level and retinopathy 
association. 
 
VD levels were lower in 
patients with retinopathy 
with P=0.05  

This study did 
not limit sun 
exposure of 
question how 
much time 
subjects spent 
outside, which 
limits the 
validity of this 
subject.  
 
This study 
adjusted for 
multiple 
important 
cofounding 
variables, 
which 
increases the 
validity of the 
study.  

Study protocol 
approved by 
the local ethics 
committee in 
accordance 
with the 
Declaration of 
Helsinki. 
Participants 
were also 
given written 
consent.  

This is 
important 
information 
related to 
the 
relationship 
between 
T2DM and 
VD level in 
patients 
with 
retinopathy.  
 
None of the 
subjects 
had kidney 
impairment 
 
PubMed 
Group 2: 
Complicati
ons 
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2: 42; grade 3: 28, 
and grade 4: 6.  
 

2-4) were more 
likely to have VD 
level < 20ng/mL 
 
Patients with mild 
diabetic 
retinopathy (grade 
1) were not 
significantly 
different in VD 
levels than 
patients without 
retinopathy.  
 

Zubair et 
al (2013) 

Prospective 
cohort hospital-
based study 

Independent 
variables: age, 
gender, 
duration of 
diabetes, 
smoking, BMI, 
BP, A1C, 
lipids, presence 
of other 
complications, 
insulin, grade 
of ulcer (1, 2, 
3), ulcer size, 
amputation, 
bacteria on 
ulcer 
 
Dependent 
variables: VD 
level 

 Group A: T2DM 
subjects with foot 
ulcers. Foot ulcers 
included those with 
full-thickness 
wounds with > 14 
days healing 
 
Group B: T2DM 
subjects without 
foot ulcers. Subjects 
were age/gender, 
BMI, BP matched 
from Group A 
 
Excluded renal 
failure, hepatic 
failure, infectious 
disease, auto-
immune, cancer, 
rheumatic disease, 
taking anti-
inflammatory drugs, 
recent 
thromboembolism 

T2DM subjects 
with ulcers 
N=162 
 
T2DM subjects 
without ulcers 
N=162 

Positive 
association 
between A1C > 
6.9%, 
neuropathy, 
retinopathy, 
hypertension, 
nephropathy, 
smoking, low 
HDL, high LDL, 
high triglycerides 
and foot ulcers 
 
Low VD levels 
predicted foot 
ulcer by linear 
regression and 
forward step wise  
regression 
(p<0.05) 
 
Low LV levels 
were seen in 
patients with foot 
ulcers, especially 
severe VD 
deficiency, 

P value < 0.05 set for 
significance 
 
Shapiro-Wilk test used to 
assess normality 
 
Student t-test and U-Mann-
Whitney test used between 
groups 
 
Multiple linear regression 
and chi-squared used to 
measure relationship 
between the variables 
 
One way ANOVA analysis 
used for foot ulcers and VD 
level 

Causality 
cannot be 
determined 
based on the 
study design 
 
Large sample 
size increases 
validity and 
generalizability 
 
Cofounding 
variables were 
well recorded.  

All subjects 
given 
informed 
consent 
 
Conducted in 
accordance 
with the 
declaration of 
Helsinki  

EMBASE 
Group 2: 
Complicati
ons 
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compared to 
controls without 
foot ulcers 
 

Maser et 
al. 
(2015) 

Cross-sectional 
study 

Independent 
variable: VD 
level, age, 
duration of 
diabetes, BP, 
heart rate, 
A1C, HOMA-
IR, leptin, 
adiponectin, 
PTH, calcium, 
serum 
creatinine 
 
Dependent 
variable: 
expiration/inspi
ration ratio (E/I 
ratio), mean 
circular 
resultant 
(MCR) 

Participants divided 
into VD sufficient 
and VD insufficient 
 
Average age 66 in 
VD sufficient group, 
60 in VD 
insufficient group 
 
Diabetes duration 
12-13 years 
 
A1C average 7.2-
7.4% 

T2DM subjects 
N=50 
 
Sufficient VD 
N=24 
Insufficient VD 
N=26 
 
 

 Low VD levels 
were associated 
with younger age, 
increased insulin 
resistance, higher 
BMI, and lower 
adiponectin levels 
 
VD insufficiency 
is associated with 
reduced 
parasympathetic 
function 

P value < 0.05 set for 
significance 
 
Unpaired t-test used for 
continuous variables 
Correlation coefficient used 
to evaluate variable’s 
association with VD level 
 
ANCOVA used to measure 
between VD deficient and 
insufficient groups 
 
Stepwise linear regression 
used for dependent variables 

Causality 
cannot be 
determined 
based on the 
study design 
Further 
research with 
VD 
supplementati
on is needed to 
determine a 
cause-effect 
relationship 

No ethical 
information 
provided in the 
study 

EMBASE 
Group 2: 
Complicati
ons 

Khan et 
al. 
(2015) 

Descriptive 
cross-sectional 
study 

Independent 
variables: 
FBS, A1C, VD 
levels, gender, 
age 
 
Dependent 
variables: 
incidence of 
retinopathy 
diagnosed by 
digital retinal 
camera 

Average age of 
participants was 53 
years old 
 
Controlled diabetes 
defined as FBS 70-
100mg/dl (26%) 
 
Uncontrolled 
diabetes defined as 
FBS > 100mg/dl 
(74%) 

Cases with 
retinopathy 
N=50 
 
Controls without 
retinopathy 
N=50 

FBS and incidence 
of retinopathy was 
not significant 
 
94% of cases had 
low VD levels, 
5% of controls 
had low VD level 
 
Retinopathy was 
18 times more 
common in 
patients with low 
VD levels 
 
Glycemic control 

P value < 0.05 set for 
significance 
 
Chi-squared test and fisher 
exact test utilized 
 
Proportions used for 
categorical variables 
 
 

Causality 
cannot be 
determined 
based on the 
study design 
 
Good sample 
size increases 
the validity 
and 
generalizabilit
y of the study 

Approved by 
local ethical 
and research 
committee 
 
All subjects 
given informed 
written consent 
explaining the 
purpose and 
benefits of the 
study 

EMBASE 
Group 2: 
Complicati
ons 
 
Low VD 
levels more 
common in 
subjects 
with poor 
glycemic 
control 
 
As VD 
levels 
decrease 
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over the last 3 
months resulted in 
lesser retinopathy 

inflammato
ry 
cytokines 
may be 
upregulated 
in diabetes 

Jung 2 et 
al. 
(2015) 

Retrospective 
cross-sectional 
study 

Independent 
variables: 
diagnosis of 
HTN, fasting 
blood glucose, 
A1C level, use 
of antidiabetic 
medications, 
height, weight, 
BMI, c-
peptide, lipid 
profile 
 
Dependent 
variables: 
cardiac 
autonomic 
neuropathy 
(CAN) by 
autonomic 
function tests 
(AFT) and 
CAN assessed 
by ewing’s 
protocol(heart 
rate response to 
deep breathing, 
Valsalva 
maneuver) 
 

All subjects had 
T2DM, average age 
56.8, mean duration 
of diabetes 6.8 
years, BMI 25, 35% 
had HTN,  
 
Excluded for 
T1DM, beta-
blockers, calcium, 
VD supplements, 
osteoporosis 
therapy, thyroid or 
parathyroid 
hormone disease 

Total 
N=163 
 
Males N=84 
 
Female N=79 

VD deficiency 
(<10ng/ml) 
correlated 
significantly with 
heart rate 
variability 
(p=0.023) 
 
Slight 
significance in 
VD level and the 
presence of CAN 
(p=0.161) 
 
Subjects with low 
VD levels had 
lower standard 
deviation of 
normal to normal 
ratio and RMSSD 
values and greater 
low 
frequency/high 
frequency ratios 

P value 0.05 set for 
significance 
 
Chi-squared used for 
categorical variables 
 
Student’s t test used for 
significance among VD 
levels and CAN scores 
 
ANOVA used to evaluate 
differences in means 

Retrospective 
design limits 
control of the 
participants  
 
Causality 
cannot be 
determined 
based on the 
study design 
 
Small sample 
size limits 
generalizabilit
y  
 
PTH hormone 
was not 
measured 
 
Limited 
control of 
cofounding 
factors 

Approved by 
the institutional 
review board  
of the 
University 
school of 
medicine 

EMBASE 
Group 2: 
Complicati
ons 
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Jung et 
al. 
(2016)  

Cross-sectional 
study 

Independent 
variable: age, 
gender, VD 
level (3 
categories), 
weight, BMI, 
A1C, lipids, 
alcohol 
consumption, 
fasting glucose, 
insulin, c-
peptide levels, 
creatinine, 
HOMA-IR 
Dependent 
variable: 
incidence of 
diabetic 
complication 
(peripheral 
neuropathy, 
nephropathy, 
retinopathy) 
 

Categorized into 
three groups based 
on VD level  
<10ng/ml 
between 10-20ng/ml 
>20ng/ml 
 
mean age of 
participants was 
58.8, mean duration 
of diabetes 7.7 
years, mean VD 
level 14.4ng/ml 
 
women had lower 
BP, fasting glucose, 
A1C and higher 
HDL  
 
Subjects were 
excluded if they 
took VD 
supplements or 
calcium, 
osteoporosis 

T2DM 
subjects 
N=257 
 
(111 men, 
146 females) 

VD levels < 10ng/ml 
were associated with 
increased risk of 
DPN in T2DM 
patients 
 
The prevalence of 
diabetic neuropathy 
was higher in men 
with VD deficiency 
(p=0.05) 
 
Diabetic nephropathy 
was higher in women 
with VD deficiency 
(p=.007) 
 
Men in VD deficient 
group have increased 
risk of  diabetic 
peripheral 
neuropathy after 
adjusting for 
cofounding variables 

P values < 0.05 set for 
significance 
 
Kruskal-Wallis test used to 
assess levels of VD 
deficiency groups 
 
Chi-squared test used for 
categorical data 
 
Spearmen bivariate 
correlation analysis used to 
confirm correlations between 
variables 
Student’s t test used to test 
VD level against the 
incidence of microvascular 
complications 

Causality 
cannot be 
confirmed due 
to study design 
 
Cofounding 
variables were 
well controlled 
in this study 

All subjects 
received 
informed 
consent 
 
Ethics 
committee of 
the hospital 
approved the 
study 

EMBASE 
Group 2: 
Complicati
ons 

Al-Said 
et al. 
(2015) 

Cross-sectional 
study 

Independent 
variables: 
fasting blood 
glucose, 
HOMA-IR, 
serum 
cholesterol, 
triglycerides, 
LDL, HDL, 
fasting insulin, 
VD level 
(>30ng/ml 
classified as 
insufficient/def
icient) 

Subjects had T2DM 
 
Mean age of group 
was 48.221, mean 
BMI 33.1, mean VD 
level 25.094 
 
Excluded patients 
with liver or renal 
disease, or taking 
medications known 
to alter VD 
metabolism 

Total 
subjects 
N=78 

26 diabetics had 
normal CIMT 
 
Pts with higher BP 
has increased CIMT 
(p<0.05) 
 
Significant difference 
in patients with VD 
levels and increased 
CIMT (p<0.05) 
 
HOMA-IR levels 
correlated with VD 
level 

P value < 0.05 considered 
significant 
 
Unpaired t-test used to 
compare between groups 
 
Chi-squared test used for 
categorical variables 
 
Pearson’s correlation 
coefficient used for linear 
regression 

Causality 
cannot be 
determined 
based on the 
study design 
 
Cofounding 
variables such 
as age, 
sunlight 
exposure, 
geographical 
position, 
physical 
activity, and 

Approved by 
local medical 
ethics 
committee 
 
All patients 
were given 
informed 
consent 

EMBASE 
Group 2: 
complicatio
ns 
 
Atheroscler
osis is 
accelerated 
by type 2 
diabetes 
 
T2DM 
increased 
the risk of 
CVD 
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Dependent 
variables: 
Doppler study 
to measure 
intima-media 
thickness 
CIMT of distal 
carotid 

 
Significant 
correlation between 
VD level and fasting 
BG 

race were not 
controlled in 
this study, thus 
limiting the 
viability 

VD plays a 
role in the 
evolution 
of CVD 
among 
adults with 
T2DM 

Ahmadie
h et al. 
(2013) 

Cross-sectional 
study 
 
Determine 
whether there 
is a relationship 
between VD 
level and 
microvascular 
complications 
in T2DM 
patients 

Independent 
variables: age, 
gender, 
duration of 
diabetes, 
smoking status, 
hx of HTN, hx 
of 
dyslipidemia, 
BP, 
height/weight, 
BMI (sun 
exposure was 
calculated by 
asking the 
participants 
their time 
outside), VD 
level (levels < 
20 set as 
insufficient 
VDlevel), 
calcium, 
phosphorous, 
CRP, A1C, 
lipids, urine 
micoalbumin, 
intake of 
diabetic 
medications 
 
Dependent 

Divided into two 
groups, one with 
T2DM and healthy 
controls 
 
Subjects were found 
at the diabetic clinic 
from November-
February in Beirut 
 
Health controls were 
at the same clinic 
with nondiabetic 
medical issues 
 
Subjects were 
excluded if they 
took more than 1000 
IU D per day 
 
All subjects had 
good functional 
status and 
completed their own 
ADLs 
 
Diabetic group had 
mean duration of 
diabetes 8.6 years, 
mean A1C 7.9 
 
No significant 

T2DM 
subjects 
N=136 
 
Control 
subjects (w/o 
T2DM) 
N=74 

Low VD levels were 
independent 
predictors for A1C 
level, diabetic 
neuropathy, 
retinopathy in T2DM 
patients 
 
T2DM patients had 
higher BMI, higher 
BP, dyslipidemia, 
higher CRP,  
 
50% of controls and 
60% of diabetics had 
VD level < 20ng/ml 
 
serum VD correlated 
negatively with A1C 
levels 
 
VD levels were lower 
in T2DM subjects 
with retinopathy and 
in those with diabetic 
neuropathy (p< 
0.001) compared to 
those without 
complications 
 
VD level correlated 
negatively with age 

P value < 0.05 set for 
significance 
 
Pearson’s correlation used 
for VD level and relationship 
to age, A1C, BMI, and 
diabetes duration 
 
Independent t-test and Chi-
squared used for VD 
relationship to diabetic 
neuropathy and retinopathy 
 
Linear regression used to 
assess A1C to VD level 
(adjusting for BMI, diabetes 
duration, smoking status) 

Some 
participants in 
the study were 
on VD 
supplements, 
as only those 
taking more 
than 1000 IU 
were 
eliminated. 
However, this 
variable was 
also controlled 
for between 
groups, which 
increases the 
validity.  
 
Causality 
cannot be 
determined 
based on the 
study design 

Participants 
signed 
informed 
consent before 
enrollment in 
the study 
Approved by 
the 
Institutional 
Review Board 
of the study’s 
institution 

EMBASE 
Group 2: 
complicatio
ns 
 
Possible 
anti-
inflammato
ry and 
antiangioge
nic 
properties 
of VD 
suggested 
 
VD 
deficiency 
may 
potentiate 
nerve 
damage 
 
Lee & 
Chen’s 
study on 
VD 
supplement
ation 
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variables: 
incidence of 
T2DM 
complications 

differences between 
groups for age, 
gender, intake of 
VD supplements, 
and reported time 
outside 

and BMI, not with 
diabetes duration or 
smoking status 
 
Age and VD level 
were significant 
predictors for 
diabetic retinopathy 
 
Diabetes duration 
was significant 
predictor of diabetic 
neuropathy 

Li et al. 
(2015) 

Observational 
study 

Independent 
variables: 
diabetes 
duration, age, 
systolic BP, 
creatinine, 
BMI, serum 
creatinine, 
calcium, 
phosphate, 
lipids, VD 
level (low < 
30ng/ml), 
UAE, eGFR 
 
Dependent 
variables: 
PAD (ABI < 
0.9) or no PAD 
(ABI 0.9-1.3). 
ABI 
determined by 
Doppler US. 
IMT (intima-
medial 
thickness) of 
bilateral 
carotid arteries 

42.2% of subjects 
were male, mean age 
62 yo, mean duration 
of diabetes 7 years, 
mean A1C 9.3% 
 
Subjects were either 
on insulin or oral 
medications, or no 
medications (newly 
diagnosed) 
 
Excluded: physical 
disability, chronic 
GI disease, hx of 
taking calcium/VD 
supplements, chronic 
renal or liver disease 
 

Total 
participants 
N=1028 

Subjects with PAD 
N=207 
Subjects with No 
PAD N=821 
 
Patients with PAD 
were older, had 
longer duration of 
diabetes, higher BP, 
higher creatinine and 
UAE, renal 
insufficiency, higher 
IMT, lower eGFR, 
and lower phosphate 
levels, greater than 65 
yo 
 
Patients with PAD 
had significantly 
lower VD level 
(p<0.05) 
 
561 subjects with VD 
level < 30ng/ml 
 
low VD level 
associated with 
decreased ABI, VD 

Significance level set at 
p<0.05 
Student’s t test used to 
compare continuous data 
 
Fisher’s extract test and chi-
squared test used to compare 
categorical variables 
 
One-way ANOVA used to 
compare for seasonal 
differences for VD level 
collection 
 
Pearson correlation used to 
test VD level and ABI or 
IMT 

VD levels 
taken at one 
time may not 
accurately 
represent the 
VD levels 
 
Causality 
cannot be 
determined 
based on the 
study design 
and lack of 
intervention 
 
Socioeconomi
c status and 
nutrition were 
not taken into 
account 
 
PAD is a slow 
progressing 
diseas, one 
VD level is 
not sufficient 

Approved by 
the intuitional 
review board of 
Nanjing 
Hospital 
 
All participants 
given informed 
consent 

EMBASE 
Group 2: 
Complicati
ons 
 
Decreased 
VD level 
associated 
with higher 
PAD 
prevalence 
 
In patients 
greater than 
65 yo VD 
insufficienc
y of 
deficiency 
was 
associated 
with 
stronger 
PAD 
prevalence 
 
Patients 
with T2DM 
and PAD 
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(scanned in 
131 w/PAD, 
and 494 w/o 
PAD) 

may be independent 
risk factor for PAD 

do not 
present 
with 
intermittent 
claudication
, ABI is 
screening 
tool used 
 
Aging is a 
risk factor 
for PAD 

Payne et 
al. 
(2012).  

Cross-sectional 
study 
 
Clinic-based 

Independent 
variables: age, 
height, weight, 
sex, race, 
multivitamin 
use, A1C, VD 
level, GFR, 
serum 
creatinine, Hx 
of HTN or 
macrovascular 
disease (MI, 
CVA, CAG), 
duration of 
diabetes, 
multivitamin 
use 
 
Dependent 
variables: 
dilated 
funduscopic 
examination 
results 

In healthy controls 
(no diabetes or 
ocular disease) 
average age 62 yo, 
53% black, mean 
BMI 27.9, mean VD 
intake 312.8 IU, 
A1C 5.8, 
macrovascular 
disease in 19%, 
HTN in 32%, GFR 
80.98.  
 
In diabetics with 
proliferative diabetic 
retinopathy, average 
age 95.8, 52% black, 
50% male, 33.1 
BMI, duration of 
diabetes average 
22.0 years, A1C 
mean 8.1, insulin use 
31(74%), 
macrovascular 
disease 45%, HTN 
93%, serum 
creatinine 2.38, GFR 
48.62 
 

Total N=221 
 
No diabetes, 
no ocular 
disease 
N=47 
 
No diabetes, 
with ocular 
disease 
N=51 
 
Diabetes, 
w/o 
retinopathy 
N=41 
 
Diabetes, 
nonprolifera
tive diabetic 
retinopathy 
N=40 
Diabetes, 
proliferative 
diabetic 
retinopathy 
N=42 

All subjects with 
T2DM had lower VD 
levels compared to 
non-diabetics 
Mean levels: 
-No diabetes, no 
ocular disease 
31.9ng/ml 
-No diabetes, with 
ocular disease 
28.8 ng/ml 
-Diabetes, w/o 
retinopathy 
24.3ng/ml 
-Diabetes, 
nonproliferative 
diabetic retinopathy 
23.6ng/ml 
-Diabetes, 
proliferative diabetic 
retinopathy 21.1 
ng/ml 

P value 0.05 
 
Patient characteristics 
studied across groups with 
ANOVA and chi-squared test 
 
Tukey’s multiple comparison 
procedure used for pair-wise 
of VD level and patient 
characteristics 
 
Chi-squared test used to 
assess VD insufficiency 
across patient characteristics 
 
Multiple linear regression 
model used for VD level and 
multivitamin use 

Seasonal bias 
was 
controlled by 
enrolling 
subjects at the 
same time 
Dec-March 
 
Patients were 
recruited at 
the 
ophthalmolog
y clinic, 
which may 
lead to bias. 
Although 
diabetic 
patients are 
encouraged to 
have routine 
eye exams, 
there may be 
a bias  
 
Subjects were 
matched in 
groups based 
on age, sex, 
and race 

Emory 
University 
School of 
Medicine 
Intuitional 
Review Board 
approved the 
study, and was 
conducted in 
compliance with 
HIPAA. 
 
The Declaration 
of Helsinki was 
followed 
 
All subjects 
were given 
informed 
consent 

Patients 
with 
proliferativ
e diabetic 
retinopathy 
had lower 
levels of 
VD  
 
Diabetes is 
the leading 
cause of 
new 
blindness in 
adult 
patients 
 
PubMed 
Group 2b 
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Excluded:  T1DM, 
subjects taking 
>1000 IU VD QD, < 
18 yo, older than 90 
yo, taking rifampim, 
phenytoin, 
phenobarbital, 
hypo/hyperparathyro
idism, 
nephrolithiasis, 
cognitively impaired 

Joergens
en et al. 
(2012) 

Cross-sectional 
cohort study 

Independent 
variables: 
vitamin D 
levels (<12.5 
nmol/l), 
plasma NT-
BNP, coronary 
calcium 
scanning 
(CCS),  
 
Dependent 
variables: 
coronary artery 
stenosis, 
myocardial 
perfusion test 
(MPI), CT 
angio, CAG. 
 
Secondary 
dependent 
variables: sex, 
blood pressure, 
A1C, eGFR, 
UAER 

200 T2DM patients 
w/o prior cardiac 
disease, but with 
increased risk of 
CAD AEB UAER > 
30mg/ 24h.  
 
Participants were 
recruited by letter 
sent to patient clinic. 
Patients excluded for 
normal UAER, 
significant Q-wave 
abnormalities in 
EKG, 
contraindications to 
CAG, elevated 
creatinine,  
 
One group of 
patients into the 
groups of high risk 
and low risk for 
CAD based on CCS 
and NT-BNP. 
 
Mean age 59, 
diabetes duration 
mean 32.6 years, 
mean BMI 32.6, 

N=200 
 
Males 
(n=152) 
Females 
(n=48) 

VD level not 
associated with sex, 
BP, A1C, eGFR.  
 
UAER and eGFR not 
associated with CCS 
or CAD 
 
Severe vitamin D 
deficiency in 
asymptomatic  
T2DM patients with 
elevated UAER and 
no hx of CAD was 
associated with 
subclinical CAD 
(CCS > 400) and 
CAD (AEB MPI or 
CAG).  

The Pearson X2 test used to 
compare variables. Logical 
regression model used to 
assess severe VD deficiency 
and the presence of CAD or 
CCS 

This study is 
generalizable 
due to the 
diversity of 
the 
population.   
 
Cross-
sectional 
studies are not 
strong in 
determining 
the causative 
nature of the 
association 
between 
CAD, T2DM, 
and VD level.  
 
These results 
are valuable 
in showing 
the 
relationship 
between low 
VD levels and 
asymptotic 
CAD in 
T2DM 
patients with 

All patients 
deemed to be at 
high risk of 
CAD found in 
this study were 
treated for 
prevention of 
CAD 
(beneficence) 
including 
statins, aspirin, 
renin-
angiotensin-
aldosterone 
system. 
 
Study approved 
by local Danish 
ethics 
committee, and 
all patients were 
given written 
informed 
consent  

Adds to 
increasing 
evidence of 
the 
association 
between low 
VD levels 
and 
increased 
cardiac 
mortality in 
T2DM 
patients 
 
There is 
also 
evidence 
that low VD 
levels is 
associated 
with CVD 
in general 
population 
 
CINAHL 
Group 2 
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mean A1C 7.9%, 
median vitamin D 
level 36.9 nmol/l, 
59% of the patients 
smoked, with a mean 
systolic BP 130.  
Severe vitamin D 
status was found in 
9.5% of the patients. 

UAER 
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APPENDIX H: 

GROUP 3 DATA EXTRACTION TABLES 
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Article 
Citation 

Methodology of 
study 

Variables Population/Age 
/Characteristics 

Sample size (n) Results Statistical 
Significance 

Level of 
Evidence 

Ethical 
Consideration 

Comments 

 The type of study 
and methodology 
will be specified 

Key variables 
of the study 
will be 
determined 

The population 
and age of 
participants will 
be recorded  

The number of 
participants will 
be specified 

The findings of 
the research 
study and 
conclusion will 
be explained 

The significance 
of the results 
will be 
explained in 
relation to p-
value (when 
applicable) 

The level of 
evidence with 
consideration to 
the seven points 
(see next page) 
will be discussed 

Respect for human 
dignity, 
beneficence, and 
justice will be 
considered 

Additional 
comments, 
patterns, and 
considerations 
will be included 

Sollid et al. 
(2014) 

RCT (1 year data 
from a larger 5 
year study) 

Independent 
variables: age, 
BMI, 
VD/placebo 
administration 
 
Dependent 
variables: VD 
level, hs-CRP, 
BP, lipids, 
PTH, OGTT, 
A1C, fasting 2-
h glucose, 
fasting insulin, 
2-h insulin, 
HOMA-IR 

All subjects 
were 
prediabetic, , 
61% male, mean 
age 62.1 years, 
mean BMI 29.9, 
mean A1c 
5.97%, 33.5% 
used VD 
supplements, 
mean BP 
135.4/83.2 
 
Treatment 
group: given 
20,000 IU 
VD/weekly 
 
Placebo group: 
given similar 
placebo 
supplement w/o 
VD 

Subjects in 
treatment group 
analyzed after 1 
year N=242 
 
Subjects in 
placebo group 
analyzed after 1 
year N=242 

VD level in 
treatment group 
was 59.9nmol/l, 
increased by 
45.8nmol/l after 
supplementation 
 
VD level in 
control group 
61.1nmol/l, 
increased by 
3.4nmol/l after 
placebo 
 
After variables 
were adjusted, no 
change seen after 
1 year in LDL 
cholesterol, BP, 
hs-CRP, A1C, 
HOMA-IR, 
OGTT, insulin, 
and fasting 
insulin 
 
No adverse 
effects were seen 
in the treatment 
or placebo group 

P< 0.05 set for 
significance 
 
Baseline VD in 
both groups 
assessed with 
the student’s t 
test and Chi-
squared test 
 
No significant 
interactions 
were found 
between groups 
in HOMA-IR, 
sex, BP, hs-
CRP 
 
No power 
analysis 
completed for 
the 1 year 
follow up study, 
total power of 
80% for the 5 
year study 

Although this is 
a RCT it is not 
the full study. 
The goal of the 
entire study is to 
determine 
whether 
prediabetics 
progress into 
T2DM after 5 
years, this article 
is only the 
published results 
after 1 year. 
 
Therefore it is 
important to 
consider that the 
results of the 
study may be 
different in 5 
years. There was 
no power 
calculation for 
the results of the 
1 year study, 
therefore 
limiting the 
credibility of the 
results 
 
 

Approved by the 
Norwegian 
Medicines Agency 
and by the 
Regional 
Committee for 
Medical Research 

This study was 
conducted on 
prediabetic 
patients 
 
Subgroup of 87 
subjects for VD 
group and 83 
subjects from 
placebo group 
with VD level < 
50 nmol/l with no 
changes in 
markers from 
baseline after 1 
year. Also no 
difference in 37 
and 35 subjects 
with VD level < 
40nmol/l 
 
VDRs are found 
on smooth muscle 
endothelium and 
cardiomyocytes 
 
PubMed 
Group 3 
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Afzal & 
Nordestgaard 
(2013) 

Prospective 
cohort study and 
meta-analysis 

Dependent 
Variables: 
incidence of 
T2DM (by self 
report, anti-
diabetic drugs, 
or non-fasting 
glucose > 198 
mg/dL). 
 
Independent 
variables: 
serum 
25(OH)D levels 
(seasonally 
adjusted due to 
different times 
of collection), 
age, level of 
income, 
duration and 
intensity of 
leisure 
activities, BMI.  

9841 
participants 
without type 2 
diabetes at 
baseline (non-
fasting plasma 
glucose < 198), 
810 developed 
type-2 diabetes 
at the 29 year 
follow up. The 
study subjects 
were taken from 
the Copenhagen 
City Heart 
Study. 
 
Analysis 
adjusted for sex, 
age, smoking 
status, BMI, 
income, physical 
activity, HDL, 
and calendar 
month of blood 
draw.  
 
Subjects were of 
Danish decent, 
ages 20-100 
years old. 
 

Prospective 
cohort study: 
N= 9841 
 
Meta-analysis: 
N= 72,204 
participants 

Prospective 
Cohort Study: 
Diabetes was 
self-reported. 
810 participants 
developed T2DM 
within the 29 
year follow up. 
Low vitamin D 
levels were seen 
in patients with 
increased age, 
smoking, high 
BMI, low 
income, 
decreased 
physical activity, 
and blood tests 
done in the 
winter.  
 
The incidence of 
T2DM increased 
with decreasing 
concentrations of 
plasma vitamin 
D levels.  
 
Meta-analysis:  
A total of 72,204 
participants were 
included in 14 
studies. The odds 
ratio of type 2 
diabetes 
comparing levels 
of vitamin D 
concentration 
were 1.50 (95% 
CI 1.33-1.66, 
fixed effect).  

Prospective 
cohort: Used 
cox proportional 
hazards 
regression with 
a 95% CI for 
recording the 
incidence of 
T2DM. 
 
Multivariable 
model adjusted 
for age, sex, 
smoking status, 
BMI, leisure 
activity, 
income, 
calendar month 
of blood draw 
 
Tested for 
interactions 
using likelihood 
ratio tests with 
Cox regression 
models 
 
 

This study has 
high 
methodological 
quality as the 
prospective 
cohort study was 
confirmed with a 
meta-analysis. 
Although only 
14 studies were 
included in the 
meta-analysis 
they had strict 
and fair 
inclusion and 
exclusion 
criteria. The 
analysis was 
done using fixed 
and random-
effect models 
and used the 
DerSirmonian 
and Laird model.   
 
Unfortunately, 
the cohort study 
consisted of 
mainly Danish 
decents living in 
Denmark with 
less sun 
exposure 
geographically 

The Danish Ethics 
committee 
approved this 
study and the 
participants 
received informed 
consent 

This was the 
largest general 
population study 
of vitamin D and 
T2DM to date 
 
PubMed 
Group 3 
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Deleskog et 
al. (2012) 

Prospective 
cross-sectional 
study 

Independent 
variables: age, 
gender, weight, 
height, BP, and 
OGTT, lifestyle 
questionnaires. 
VD levels, 
BMI, waist 
circumference, 
education, 
tobacco use, 
socioeconomic 
status.  
 
 
Dependent 
variables: 
incidence of 
progression of 
diabetes 
 
 

Men and women 
age 35-56 years 
old without 
known diabetes 
 
Prediabetics had 
impaired fasting 
glucose or 
impaired 
glucose 
tolerance 
 
Some subjects 
has normal 
glucose 
tolerance 
 
 
Follow up 
completed at 8-
10 years 
 
Seasonal 
variations 
controlled for 
 

Total women 
N=980 
 
Total men 
N=1389 

Subjects with 
high VD levels 
had reduced 
incidence of 
prediabetes  
 
High 
concentrations of 
VD in 
prediabetes 
patients 
prevented the 
progression to 
T2DM after 
8=10 years 
 
Low VD level 
associated with 
increased risk of 
T2dm in 
prediabetic 
patients 
 
For every 
10nmol/l 
increase in VD 
level there was a 
21-27% 
significant 
decrease  in the 
risk of diabetes at 
follow up 

P-value < 0.05 
set for 
significance 
 
ANOVA and 
unpaired t test 
and chi-squared 
test used for 
continuous and 
categorical 
variables 
 
Multiple logical 
regression used 
to assess VD 
level with 
abnormal 
glucose 
regulation 

Causality cannot 
be determined 
based on the 
study design 
 
 
Many 
cofounding 
variables were 
controlled for, 
which improved 
the credibility of 
the study 
 
Long follow up 
time with 
minimal loss to 
follow up 
improved the 
study validity 

Approved by the 
local ethics 
committee in 
accordance with 
the Declaration of 
Helsinki 
 
All participants 
were given 
informed consent 

EMBASE 
Group 3 
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APPENDIX I: 

QUALITY OF EVIDENCE PYRAMID 
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Quality of Evidence Pyramid Derived from Walden University’s EBM pyramid (2006). 
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APPENDIX J: 

CLINICAL RECOMMENDATIONS 
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Clinical Recommendation GRADE: Level of 
evidence 

Rationale 

Type-2 Diabetics should be 
treated with vitamin D 
supplementation to improve 
diabetic control 

Not Recommended  
(A: High) 

Several RCTs and a meta-
analysis showed no 

improvement in diabetic 
control after supplementing 
vitamin D to a level above 

insufficiency 
Type-2 diabetic patients should be 
screened for vitamin D deficiency 

Recommended 
(B: Moderate) 

Multiple prospective and 
cross-sectional studies 

showed that type-2 diabetic 
patients are more likely to 
have vitamin D deficiency 
compared to the general 

population 
Type-2 diabetics with vitamin D 
deficiency should be treated with 
vitamin D supplementation to 
improve other health outcomes 

Recommended 
(A: High) 

Clinical guidelines for the 
treatment of vitamin D 
deficiency recommends 

treatment of vitamin D with 
supplementation to improve 
health outcomes and prevent 

complications 
Vitamin D supplements can be 
used to prevent progression of 
type-2 diabetes from prediabetes 
or normal glucose tolerance state 

Not Recommended 
(B: Moderate) 

A RCT showed that 
supplementing vitamin D did 
not prevent the progression 
from prediabetes to type-2 

diabetes 
Type-2 diabetic patients with 
diabetic complications should be 
screened for vitamin D deficiency 

Recommended 
(B: Moderate) 

Several prospective and 
cross-sectional studies on 
vitamin D levels in type-2 

diabetic with complications 
found an association between 

the incidence of diabetic 
complications and vitamin D 
deficiency and insufficiency 
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