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Diabetic regulation of subjects with type 2 
diabetes mellitus is associated with serum vitamin 
D levels 
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SUMMARY
OBJECTIVE: Vitamin D deficiency is not only associated with bone metabolism but also with diabetes mellitus. We aimed to study the 
possible association between serum vitamin D concentration and HbA1c level in patients with type 2 diabetes mellitus (T2DM) in this 
retrospective report. 
METHODS: Patients with T2DM were enrolled to the study either in regulated or non-regulated T2DM groups, according to HbA1c lev-
els. An HbA1c level of <8% was considered as relatively controlled and others were considered as poorly controlled T2DM.
RESULTS: Serum vitamin D levels in poorly controlled T2DM subjects (9.4 (4.9-34) ng/ml) were significantly lower than that of the 
relatively well regulated T2DM patients (13.5 (3.4-36) ng/ml) (p=0.03). Vitamin D was strongly and inversely correlated with HbA1c 
levels (r= -0.295, p=0.005). 
CONCLUSION: Whatever the cause or result of the diabetes mellitus, it is clear that lower vitamin D is strongly associated with worse 
diabetic regulation in T2DM subjects. Randomized controlled larger studies, which research the relation between diabetic regulation 
and vitamin D status, are needed to claim whether it could be a therapeutic target in future in diabetic subjects.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a metabolic 
disorder, which is caused by deterioration in secre-
tion or action of insulin. Prevalence of T2DM has 
been reached nearly pandemic levels worldwide, in 
parallel to the increase in obesity.

The role of vitamin D in many bodily functions has 
been researched after discovery of vitamin D recep-
tors in pancreas and immune cells1. It has been re-

ported that subjects with insufficient vitamin D were 
prone to develop type 2 diabetes mellitus2. Moreover, 
impaired glucose tolerance has been shown to be me-
liorated in vitamin D deficient subjects after vitamin 
D replacement 3. 

Few studies analyzed the possible association 
between vitamin D serum levels and glycated he-
moglobin (HbA1c) in patients with T2DM. Several 
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of these reports found an association and others did 
not. Indeed, vitamin D deficiency could be associated 
with development of T2DM or diabetic control level. 
Therefore, we planned a present retrospective study. 

OBJECTIVE

In the present retrospective analysis, we aimed to 
study the possible association between serum vita-
min D concentration and HbA1c level in patients with 
type 2 diabetes mellitus. 

METHODS

Patients’ admissions to outpatient clinics of our 
institution who have T2DM retrospectively investi-
gated from patient files and computerized database 
between November 2016 and June 2017. Subjects 
grouped either into regulated T2DM or into non-reg-
ulated T2DM groups, according to HbA1c levels. An 
HbA1c level of <8% was considered as relatively con-
trolled and others were considered as uncontrolled 
T2DM. Patients with active inflammation, infection, 
malignancy or chronic kidney disease were exclud-
ed from the study. Patients receiving vitamin D sup-
plements were also excluded. Age, gender and other 

general characteristics, such as height, weight, du-
ration of T2DM and waist circumference were re-
corded. A body mass index (BMI) was calculated by 
dividing of the weight in kilograms to the square of 
height in meters. 

Vitamin D levels, serum urea, creatinine, fast-
ing plasma glucose, total, HDL and LDL cholester-
ol, triglyceride and albumin were obtained from the 
same database and recorded. HbA1c levels were also 
obtained and recorded from patient file system. Vi-
tamin D levels were detected by measuring serum 
25-hydroxyvitamin D.  

Data were analyzed by SPSS software. (SPSS 15.0; 
IBM Inc., Chicago, IL, USA). Results expressed as mean 
± SD or median (minimum - maximum). Variables are 
conducted with independent samples t test or Mann- 
Whitney U test. Chi square test used in comparison of 
categorical variables between study groups. A p value 
of < 0.05 is considered as statistically significant. Pear-
son’s correlation analysis test used to reveal possible 
correlation between vitamin D and HbA1c levels.

RESULTS

The study population was consisted of 89 diabetic 
subjects; 47 in poorly controlled and 42 in relatively 

TABLE 1. GENERAL CHARACTERISTICS AND LABORATORY DATA OF STUDY GROUPS
Poorly controlled T2DM Well-controlled T2DM p

Gender Women (n) 30 20 0.12
Men (n) 17 22

Median (Min.-Max.)
Age (years) 61 (40-80) 56.5 (29-86) 0.49
Duration of T2DM (years) 10 (1-30) 4.5 (1-20) 0.02
Height (m) 1.62 (1.54-1.83) 1.65 (1.45-1.82) 0.40
Weight (kg) 82 (60-137) 80 (56-120) 0.40
Waist circumference (cm) 104 (80-141) 100 (75-141) 0.33
Body mass index (kg/m2) 31.1 (22.6-52.2) 29.7 (20.6-46.9) 0.22
Fasting plasma glucose (mg/dl) 209 (89-422) 126 (78-294) <0.001
HbA1c (%) 9.7 (8-16.6) 6.9 (5.4-7.7) <0.001
Vitamin D (ng/ml) 9.4 (4.9-34) 13.5 (3.4-36) 0.03
Blood urea (mg/dl) 30 (14-79) 30 (17-62) 0.62
Plasma creatinine (mg/dl) 0.83 (0.6-1.1) 0.79 (0.56-1.1) 0.26
Na (mmol/l) 138 (134-145) 139 (129-145) 0.24
K (mmol/l) 4.5 (3.6-5.3) 4.4 (3-5.4) 0.12
Triglyceride (mg/dl) 182 (65-841) 149 (69-850) 0.03
Serum albumin (g/dl) 4.2 (2.5-4.8) 4.3 (3.5-4.8) 0.17

Mean ± Standard Deviation
Total cholesterol (mg/dl) 194 ± 51 188 ± 46 0.53
HDL cholesterol (mg/dl) 46 ± 10 45 ± 10 0.53
LDL cholesterol (mg/dl) 127 ± 31 112 ± 36 0.04
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well-controlled diabetes mellitus groups. Median age 
of poorly and well-regulated T2DM group was 61 (40-
80) years and 56.5 (29-86) years, respectively. Age 
difference was not statistically significant (p=0.49). 

Twenty of 42 subjects in relatively well-controlled 
T2DM group and 30 of 47 in poorly controlled T2DM 
group were women. Gender was not statistically dif-
ferent between study groups (p=0.12).

Fasting plasma glucose levels of poorly controlled 
and well-controlled diabetic subjects were 209 (89-
422) mg/dl and 126 (78-294) mg/dl, respectively. The 
difference was statistically significant, as expected 
(p<0.001). Similarly, HbA1c of poorly controlled di-
abetics (9.7 [8-16.6] %) was significantly higher than 
that of the relatively well-controlled diabetic subjects 
(6.9 [5.4-7.7] %), again expectedly (p<0.001). General 
characteristics and laboratory data of study popula-
tion were expressed in table 1.

Body mass index (p=0.22), waist circumference 
(p=0.33), blood urea (p=0.62) and creatinine (p=0.26), 
total (p=0.53) and HDL (p=0.53) cholesterol, plasma 
sodium (p=0.24) and potassium (p=0.12) concentra-
tions, and serum albumin levels (p=0.17) were not 
significantly different between study groups. 

Serum LDL (p=0.04) and triglyceride (p=0.03) were 
significantly higher in poorly controlled compared to 

well-controlled diabetic subjects. Duration of T2DM 
was significantly longer in poorly regulated compared 
to relatively well-regulated T2DM group (p=0.02). 

Vitamin D serum levels in poorly and well-regu-
lated T2DM groups were 9.4 (4.9-34) ng/ml and 13.5 
(3.4-36) ng/ml, respectively. The difference between 
study groups was statistically significant (p=0.03).

Pearson correlation analysis revealed that serum 
vitamin D was strongly and inversely correlated with 
HbA1c levels (r= -0.295, p=0.005). Figure 1 shows the 
correlation between vitamin D and HbA1c (figure 1). 

DISCUSSION

The main finding of the present study is that vita-
min D levels were negatively and strongly correlated 
with HbA1c levels in patients with T2DM. HbA1c re-
flects blood glucose of the last 3 months and is con-
sidered as a marker of diabetic regulation. This nega-
tive correlation could be the consequence of vitamin 
D being a metabolic biomarker besides its action in 
bone and calcium metabolism. 

Hypovitaminosis of vitamin D have negative ef-
fects on both calcium and bone metabolism and di-
abetes mellitus4. Besides its crucial role in calcium 
and bone metabolism, recent discoveries showed 

FIGURE 1. CORRELATION BETWEEN VITAMIN D AND HBA1C IN STUDY COHORT
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that vitamin D also has important bodily functions. 
Target tissues of vitamin D include immune cells, 
heart, stomach, liver, brain, skin, pancreas, thyroid, 
parathyroid and adrenal glands5. Therefore, it is sup-
posed that vitamin D may have inflammatory and im-
munologic effects. On the other hand, low serum vi-
tamin D is a risk factor not only for diabetes mellitus 
but also for metabolic syndrome2. Another clue of as-
sociation between T2DM and vitamin D insufficiency 
could be that obesity increases the incidence of both 
metabolic syndrome, T2DM and hypovitaminosis D6. 

Chiu et al suggested that lower vitamin D status 
was a risk factor for development of T2DM 7. In an-
other study, researchers found that vitamin D was 
more effective than metformin in ameliorating insu-
lin resistance in subjects with metabolic syndrome2. 
Similar results have been reported in literature. Sub-
jects with T2DM had reduced serum vitamin levels 
compared to healthy population in a study by Scragg 
et al.8. Authors found negative correlations between 
serum vitamin D and insulin secretion 9, and between 
vitamin D level and prevalence of diabetes 10. 

Results of the studies about the effects of vitamin 
D in human are conflicting. Repletion of vitamin D 
in deficient patients caused an increase in insulin 
production and secretion in T2DM patients11. Despite 
oral vitamin D increased the insulin secretion follow-
ing oral glucose intake in healthy subjects, its effect 
was neutral in patients with T2DM 2. Moreover, de-
terioration of glycemic control and insulin sensitivity 
in response to oral vitamin D has been reported in 
literature12. 

We will discuss the possible reasons of the nega-
tive correlation between HbA1c and serum vitamin D. 
Insulin secretion of pancreatic beta cells reduced the 
vitamin D deficiency. In other words, insulin secretion 
and normal glucose tolerance is ensured by sufficient 
amount of vitamin D. Animal studies suggested that 

vitamin D deficiency lead to both glucose intolerance 
and even resistance to exogenous insulin13. Interest-
ingly, pancreatic insulin secretion increases after vi-
tamin D treatment14,15. However, a recent randomized 
controlled trial revealed that vitamin D supplementa-
tion was failed to alter HbA1c levels in patients with 
type 2 diabetes mellitus 16,17. Negative correlation be-
tween vitamin D and HbA1c levels in this study may 
support other studies that found association between 
T2DM and vitamin D status. 

Lower vitamin D levels in patients with poor dia-
betic control compared to better-controlled subjects 
should be well examined. There are studies that re-
ported vitamin D insufficiency was not the cause but 
the result of diabetes mellitus. Insulin stimulates 
production of vitamin D, thus, insulin deficiency or 
inefficacy as seen in diabetes mellitus may result in 
a decrease in vitamin D levels5. 

Retrospective design and small study population 
are two main limitations of the present report. Nev-
ertheless, the striking negative correlation between 
serum vitamin D and HbA1c make its results very 
important. 

CONCLUSION

Either the cause or result, it is clear that lower 
vitamin D is strongly associated with worse diabetic 
regulation in T2DM subjects. Randomized controlled 
larger studies that research the relation between di-
abetic regulation and vitamin D status are needed to 
claim whether it could be a therapeutic target in fu-
ture in diabetic subjects. 
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RESUMO

CONTEXTO E OBJETIVO: A deficiência de vitamina D não é apenas associada ao metabolismo ósseo, mas também ao diabetes mellitus. 
Procurou-se estudar a possível associação entre os níveis de concentração do soro de vitamina D e de HbA1c em pacientes com dia-
betes mellitus tipo 2 neste relatório retrospectivo.
MÉTODOS: Os pacientes com diabetes mellitus tipo 2 foram inscritos no estudo em regulada ou não regulada de acordo com os grupos 
de níveis de HbA1c DM2. HbA1c nível de <8% caracterizava DM2 controlada e HbA1c > 8% DM2 descontrolada.
RESULTADOS: Os níveis de vitamina D no soro em indivíduos com DM2 mal regulados (9,4 (4,9 a 34) ng/ml) foram significativamente 
menores do que o do bem regulado em doentes DM2 (13,5 (3,4-36) ng/ml) (p = 0,03). A vitamina D foi forte e inversamente correlacio-
nada com os níveis de HbA1c (p = 0,005).
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