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Role of vitamin D in insulin resistance
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There is plenty of evidence in the literature that vitamin D is essential for calcium homeostasis for
optimal skeletal health. Type 2 diabetes mellitus is a syndrome with major long-term negative conse-
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and a recent focus has been on vitamin D supplementation. The aim of this review was to evaluate the
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effect of vitamin D on insulin resistance.

Introduction

Type 2 diabetes mellitus

tion has beneficial effects in reducing the risk of developing
diabetes. There are many research studies in the literature

There is plenty of evidence in the literature that vitamin

showing evidence of a relationship between both type 1 and

D is essential for calcium homeostasis for optimal skeletal

type 2 diabetes mellitus and vitamin D, as well as the ben-

health. Vitamin D status is best determined by measuring

eficial effects of vitamin D supplementation in reducing the

serum 25-hydroxy D (25(OH)D); a level above 30 ng/ml

risk of diabetes and insulin resistance. Moreover, there is an

contributes to optimal calcium absorption, prevention of

inverse correlation between serum 25(OH)D levels and car-

falls and fracture prevention [1]. Type 2 diabetes mellitus is

diovascular diseases, metabolic syndrome, and their com-

a syndrome with major long-term negative consequences.

plications, such as glucose intolerance, hypertension, obe-

It is characterized by hyperglycaemia, hyperlipidaemia and

sity, insulin resistance, ischaemic heart disease and stroke

other metabolic abnormalities resulting in neurological and

[2–5]. The aim of this review was to evaluate the effect of

small- and large-blood vessel complications. Efforts have

vitamin D on insulin resistance.

been made to find innovative approaches for diabetes prevention and treatment, and a recent focus has been on vita-

Material and methods

min D supplementation. Experimental and epidemiological
studies have suggested calcium and vitamin D supplementa-

A systematic search strategy was developed to identify randomized controlled trials in both MEDLINE (National Library
of Medicine, Bethesda, MD; 1996 through April 2018) and
the Cochrane Register of Controlled Trials (The Cochrane

1Centre

of Diabetes and Metabolic Diseases, Department of

Collaboration, Oxford, UK). The terms ‘vitamin D’, ‘insulin

Internal Medicine and Therapeutics, University of Pavia

resistance’, ‘glycemia’ and ‘diabetes mellitus’ were incor-

and Fondazione IRCCS Policlinico San Matteo, Pavia, Italy

porated into an electronic search strategy that included the

2Laboratory

Dickersin filter for randomized controlled trials [6]. It was

of Molecular Medicine, University of Pavia,

Pavia, Italy

also discovered that some reports have only been published

3Center

in Japanese. To avoid problems and limitations with the trans-

for Prevention, Surveillance, Diagnosis and Treatment

of Rare Diseases, Fondazione IRCCS Policlinico San Matteo,

lation of these reports, it was decided to perform this review

Pavia, Italy

by including only studies published in English. The bibliographies of all identified randomized trials and review articles
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were reviewed to look for additional studies of interest. We

cardiovascular risk factors such as blood pressure and lipid

reviewed all of the citations retrieved from the electronic

parameters [8].

search to identify potentially relevant articles for this review.

Gao et al [9] conducted a 4-year follow-up study includ-

We subsequently reviewed the potential trials to determine

ing 490 participants who were free of prediabetes and type

their eligibility. To qualify for inclusion, clinical trials were

2 diabetes mellitus at baseline and had complete data by

required to meet a series of predetermined criteria regarding

the time of follow-up examinations. Glucose, insulin and

study design, study population, interventions evaluated and

25(OH)D levels were measured at baseline and 4 years lat-

outcome measured. Studies were required to be trials evalu-

er. Prediabetes and type 2 diabetes mellitus were identified

ating vitamin D effects at any dosage on insulin resistance.

using the results obtained from an oral glucose tolerance

The following data were abstracted onto standardized case

test (OGTT). Over a 4-year follow-up period, 95 patients

report forms: authors; year of publication; country of study;

(48.5%) developed prediabetes and 31 (15.8%) individuals

source of funding; study goal; means of randomization and

developed diabetes. Low 25(OH)D status was significantly

blinding; duration of treatment; treatment characteristics;

associated with the risk of developing prediabetes (OR 3.01,

sex; quantity of and reasons for subjects withdrawing from

95% CI 1.50 to 6.06; p=0.002) and type 2 diabetes mellitus

the study; systolic and diastolic blood pressure and ages of

(OR 5.61, 95% CI 1.73 to 18.27; p=0.004) after adjustment

the treatment and control groups; outcomes; and adverse

for multiple potential confounders. In a multiple linear re-

event data. A validated, three-item scale was used to evalu-

gression analysis, low baseline levels of 25(OH)D were an

ate the overall reporting quality of the trials selected for in-

independent predictor of increased insulin resistance over a

clusion in the present review. This scale provided scoring

4-year period (p<0.05). This prospective study suggests that

for randomization (0–2 points), double-blinding (0–2 points)

low 25(OH)D levels might have contributed to the incidence

and account for withdrawals (1 point). Scores ranged be-

of prediabetes or type 2 diabetes mellitus in Chinese indi-

tween 0 and 5, a score of 3 indicated a study of high qual-

viduals.

ity [7], and study selection was restricted to randomized,

Lithgow et al [10] evaluated if there was a synergistic

controlled trials to ensure the inclusion of only high-quality

metabolic effect of high-intensity intermittent training and

evidence.

vitamin D supplementation on glycaemic control. A total
of 20 male and female participants (age 34±9 years; BMI

Results

31.4±2.8 kg/m2) completed 6 weeks of high-intensity intermittent training, and were randomized to ingest 100 µg/

Upreti at al [8] enrolled 60 patients with coexisting type 2

day of vitamin D3 or placebo. Response to an OGTT was

diabetes mellitus and hypovitaminosis D and supplemented

determined at baseline and at 72 hours post-intervention.

them with oral vitamin D or microcrystalline cellulose for 6

Glucose tolerance was improved as a result of the high-

months. Subjects’ glycated haemoglobin (HbA1c) and vita-

intensity intermittent training intervention, shown by a

min D levels were monitored at the beginning and end of the

reduction in glucose and insulin concentrations during

study, while fasting plasma glucose (FPG) and post-prandial

the OGTT, accompanied by a decrease in glucose (from

glucose (PPG) were measured each month.

829±110 to 786±139 mmol/h/l; p=0.043) and insulin (from

Patients treated with vitamin D showed a significant de-

8101±4755 to 7024±4489 mU/h/l; p=0.049) area under

crease in mean HbA1c levels (from 7.29% to 7.02%;

the curve (AUC). Supplementation increased 25-hydroxy-

p=0.01), mean FPG levels (from 131.4 to 102.6 mg/dl;

vitamin D3 concentration by 120% to a sufﬁciency sta-

p=0.04) and mean PPG levels (from 196.2 to 135.0 mg/dl;

tus (p<0.001). However, the consumption of vitamin D3

p<0.001). Moreover, significant improvements in systolic as

seemed to attenuate the glucose response during an OGTT.

well as diastolic blood pressure and total cholesterol were

Triglyceride content was lowered following the intervention

also noted in patients treated with vitamin D, while the im-

(p=0.025). There was no effect of the intervention on insu-

provement for LDL cholesterol tended towards significance

lin sensitivity (IS) indices: ISIMatsuda and HOMA-IR. The

(p=0.05). This trial showed that supplementation with vita-

study demonstrates that high-intensity intermittent training

min D led to improvement in parameters of glycaemic con-

improves glucose tolerance in non-diabetic overweight and

trol in patients with type 2 diabetes mellitus with concurrent

obese adults; however, vitamin D3 supplementation did not

hypovitaminosis D. This study also showed that correction

offer any additional positive effects on the measured indices

of vitamin D deficiency/insufficiency led to improvement in

of metabolic health.
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