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Introduction: Clarifying the prevalence of vitamin D deficiency in diabetic patients, and 
the relationship between vitamin D concentration and insulin resistance, fasting plasma 
glucose, and HbA1C in patients in Hue City, Vietnam.
Methods: A cross-sectional study on 110 diabetic patients examined at Hue Central 
Hospital and Hue University of Medicine and Pharmacy Hospital. These patients were 
collected venous blood sampling, and the 25(OH)D test, fasting plasma glucose test, fasting 
insulin test, HOMA-IR and QUICKI calculation.
Results: Vitamin D deficiency and insufficiency prevalence were 51.8%. The average 
concentration of 25(OH)D (ng/mL) was 30.67 ± 8.55; this concentration in fasting glucose 
level ≤8 mmol/l group and >8 mmol/l group was 32.08 ± 9.26 and 28.55±6.91 (p = 0.033); it 
was 32.95 ± 8.58 and 28.97 ± 8.17 in HOMA-IR ≤3.5 and HOMA-IR >3.5 group, (p = 
0.015); in QUICKI ≤0.32 group, it was 29.16 ± 8.12; in QUICKI >0.32 group, it was 32.85 ± 
8.76 (p = 0.025). Patients with an ideal exercise level have higher average levels of 25(OH)D 
(32.11±8.62 vs 26.83±7.16, p=0.003). The average levels of 25(OH)D in male patients are 
higher than in female patients (33.47±0.08 vs 29.01±8.43, p=0.008). Vitamin D deficiency 
and insufficiency prevalence in patients with HOMA-IR ≤3.5 and QUICKI >0.32 were 
36.2% and 37.8%, whereas in those with HOMA-IR >3.5 and QUICKI ≤0.32 they were 
63.5% and 61.5% (p = 0.007 and 0.02, respectively). 25(OH)D is negative correlation with 
fasting glucose level and HOMA-IR, with r = −0.229 and −0.192, respectively (p = 0.016 
and 0.045); 25(OH)D was positively correlated with QUICKI, with r = 0.235, p = 0.008.
Conclusion: Patients who have better glucose-related parameters, such as fasting blood 
sugar, HOMA-IR and QUICKI, have a better vitamin D status. Some blood sugar-related 
factors, such as exercise level and sex, are related to vitamin D status.
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Introduction
In recent years, studies on non-classical functions of vitamin D have shown that 
vitamin D not only maintains musculoskeletal health, but also plays a certain role in 
metabolic diseases, especially type 2 diabetes. Many studies have indicated that 
patients with type 2 diabetes have a lower level of vitamin D and a higher 
prevalence of vitamin D deficiency than healthy people.1–3

Results of studies on the relationship between vitamin D deficiency and type 2 
diabetes include the following: In vitro studies have shown that 1.25(OH)2 D may 
simultaneously increase the expression of insulin receptor mRNA in U-937 human 
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cells and the glucose uptake ability of insulin receptors.4 

Supplementation of 1.25(OH)2 D may significantly 
improve glucose absorption capacity of muscle cells.5 

Vitamin D enhances the biosynthetic capacity of β-cells 
and expedites the conversion of proinsulin to insulin.6 

Clinical studies have also highlighted the relationship 
between vitamin D deficiency and insulin resistance, beta- 
cell function.7 This association was also reported among 
healthy and glucose tolerant.6 Vitamin D also related to 
diabetes associated factors, such as overweight/obesity and 
dyslipidemia.8,9 Nonetheless, study findings vary in differ-
ent geographical regions.

Our study aimed to clarify vitamin D deficiency in 
diabetic patients in two major hospitals in Hue City, in 
Central Vietnam, and the relationship between vitamin 
D concentration and insulin resistance, fasting plasma 
glucose, HbA1C.

Materials and Methods
Study Population
This cross-sectional study was carried out from 
August 2020 to September 2020. A total of 110 patients 
(41 men and 69 women) aged 36 to 94 with type 2 
diabetes (average age: 69.86±12.54) were examined and 
treated at Hue Central Hospital and Hue University of 
Medicine and Pharmacy Hospital.

The inclusion criteria were diabetic patients aged ≥18 
years. The exclusion criteria were patients with: (1) a history 
of chronic liver disease; (2) pregnant women; (3) those with 
thyroid dysfunction with or without medication; (4) a history 
of parathyroid disease; (5) those with infectious or intestinal 
diseases; (6) those using vitamin D supplements.

Collection of basic Information of the subjects 
included the volunteers’ basic information, past medical 
history, exercising activities.

Determination of Serum Biochemical 
Indicators
Fasting venous blood specimens of the participants were 
collected (8 hours after meal) for the fasting plasma glu-
cose (Go) test, and measured using hexokinase method 
with a AU680 Beckman analyzer fasting insulin test was 
conducted using a chemiluminescent microparticle immu-
noassay (CMIA) with an ARCHITECT i2000SR immu-
noassay analyzer.

Quantitative measurement of 25(OH)D was undertaken 
using a competitive immunoassay, with a CMIA. The total 

time to analyze a specimen was 18 minutes. The test was 
conducted using an ARCHITECT i2000SR analyzer, and 
the unit measurement for 25(OH)D was ng/mL.

Calculation of HOMA-IR was undertaken using the 
formula: HOMA = (Io × Go)/22.5.

Calculation of QUICKI was undertaken using the for-
mula: QUICKI = 1/[logI0(µU/mL) + logGo(mg/dl)].

Diagnostic Standards
The participants were diagnosed with diabetes according 
to ADA 2020, for which any of the following four criteria 
were satisfied: (1) FPG ≥126 mg/dL (7.0 mmol/L). Fasting 
was defined as no caloric intake for ≥8 hours. (2) Two- 
hour PG ≥200 mg/dL (11.1 mmol/L) during the glucose 
tolerance test. (3) A1C ≥6.5% (48 mmol/mol). (4) Random 
plasma glucose ≥200 mg/dL (11.1 mmol/L), and obvious 
clinical signs (excessive thirst, more frequent urination, 
unexplained weight loss).

Two satisfactory attempts were required for the first 
three criteria.10

The 25(OH)D levels (ng/mL) were defined as severe 
deficiency: <10; deficiency: 10–20; insufficiency: 21–29; 
and sufficiency: ≥30.11

Ideal exercise level was categorized as:12 moderate (at 
least 30 minutes on 5 or more days per week, leading to 
small increases in heart rate) and/or vigorous (at least 20 
minutes on 3 or more days per week, leading to substantial 
increases in heart rate) physical activity.

Statistical Analysis
Data was processed using SPSS 20.0. The t-test was used 
to compare two average numbers. The chi-square test was 
used to compare two ratios. The difference was deemed 
statistically significant when p < 0.05. To find out the 
cutoff Go, HOMA-IR and QUICKI, we used the ROC of 
25(OH)D against the glucose related parameters. 
A logistic regression model was used to assess the rela-
tionship between vitamin D concentration and relevant 
parameters of glucose in patients with type 2 diabetes 
such as insulin resistance, fasting plasma glucose, HbA1C.

Results
A total 110 patients with type 2 diabetes in Thua Thien Hue 
province Vietnam were randomly selected in this study. Of 
these, 57 experienced vitamin D deficiency and insuffi-
ciency, accounting for 51.8% of all patients; the percentage 
of patients with an ideal level of 25(OH)D was 48.2% (53 
patients). Analysis of Go 7 mmol/l, Go 8 mmol/l, and Go 
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9mmol/l cutoff points showed that lower fasting plasma 
glucose groups had higher serum 25(OH)D levels. 
However, this result was only statistically significant at the 
8mmol/l cutoff point, and no statistical significance was 
found at the 7 and 9mmol/l cutoff points. The specific results 
were as follows (as shown in Table 1): At the cutoff points 
of Go 7mmol/l, the average levels of 25(OH)D in the Go ≤7 
mmol/l and Go >7 mmol/l groups were 32.50 ± 1.22 ng/mL 
and 29.58 ± 7.23 ng/mL, p = 0.083. At the cutoff point of Go 
8 mmol/l, the average levels of 25(OH)D in Go ≤8 mmol/l 
and Go >8 mmol/l groups were 32.08 ± 9.26 ng/mL and 
28.55 ± 6.91 ng/mL, p = 0.033. At the cutoff point of Go 9 
mmol/l, the average levels of 25(OH)D in Go ≤9 mmol/l and 
Go >9 mmol/l groups were 31.18 ± 9.21 ng/mL and 29.18 ± 
6.12 ng/mL, p = 0.289.

Analysis of the average 25(OH)D level at the cutoff point 
of HbA1C 6.5% shows that (Table 2) the average level of 25 
(OH)D in HbA1C ≤6.5% and HbA1C >6.5% groups were 
32.02 ± 7.88 ng/mL and 30.20 ± 8.76 ng/mL, p = 0.335.

Comparison of the average 25(OH)D levels of insulin 
resistant and non-insulin resistant patients at the cutoff 
points of HOMA-IR 3.5 and QUICKI 0.32 showed that the 
average 25(OH)D level of insulin resistant groups was lower 
than that of the non-insulin resistant group. This result was 
statistically significant, and the specific results were as fol-
lows: At the cutoff point of HOMA-IR 3.5, the average 
levels of 25(OH)D in HOMA-IR ≤3.5 and HOMA-IR >3.5 
groups were 32.95 ± 8.58 ng/mL and 28.97 ± 8.17 ng/mL, 
p = 0.015. At the cutoff point of QUICKI 0.32, the average 
levels of 25(OH)D in QUICKI ≤0.32 and QUICKI >0.32 
groups were 29.16 ± 8.12 ng/mL and 32.85 ± 8.76 ng/mL, 
p = 0.025. In comparison with patients who have a lower 
exercise level, patients with an ideal exercise level have 
higher average levels of 25(OH)D (32.11±8.62 vs 26.83 
±7.16, p=0.003). Moreover, the average levels of 25(OH)D 
in male patients are higher than in female patients (33.47 
±8.08 vs 29.01±8.43, p=0.008) (Table 2).

The percentage of vitamin D deficiency and insufficiency 
in the Go ≤8 mmol/l group was 43.9%, and in the Go >8 
mmol/l group was 63.6%; the prevalence of ideal 25(OH)D 
level patients in the Go ≤8 mmol/l group was higher than that 
in the Go >8 mmol/l group. However, the difference was not 
statistically significant, with p = 0.052. Similar results were 
found in the HbA1C ≤6.5% and HbA1C >6.5% groups. 
Deficiency and insufficiency prevalence in the HbA1C 
>6.5% group were higher and ideal vitamin D status were 
lower than those of the HbA1C ≤6.5% group; however, the 
difference was not statistically significant, p = 0.521 (Table 3).

There were 47/110 HOMA-IR ≤3.5 patients and 63/110 
HOMA-IR >3.5 patients. Vitamin D deficiency and insuffi-
ciency was found in 36.2% of the patients of the HOMA-IR 

Table 1 Relationship Between 25(OH)D Level and Fasting Blood 
Glucose

25(OH)D Go ≤7 mmol/l Go >7 mmol/l P

32.50 ± 1.22 29.58 ± 7.23 0.083

Go ≤8 mmol/l Go >8 mmol/l

32.08 ± 9.26 28.55 ± 6.91 0.033

Go ≤9 mmol/l Go >9 mmol/l

31.18 ± 9.21 29.18 ± 6.12 0.289

Table 2 Relationship Between 25(OH)D Level and HbA1C, 
HOMA-IR, and QUICKI

25(OH) 
D

HbA1C ≤6.5% HbA1C >6.5% P

32.02 ± 7.88 30.20 ± 8.76 0.335

HOMA-IR ≤3.5 HOMA-IR >3.5

32.95 ± 8.58 28.97 ± 8.17 0.015

QUICKI ≤0.32 QUICKI >0.32

29.16 ± 8.12 32.85 ± 8.76 0.025

Male Female

33.47±8.08 29.01±8.43 0.008

Ideal Exercise 

level

Less Exercise 

level

32.11±8.62 26.83±7.16 0.003

Table 3 Relationship Between Vitamin D Deficiency and 
Insufficiency, and Go and HbA1C

Go HbA1C

≤8 
mmol/ 
l

>8 
mmol/ 
l

≤6.5% >6.5%

Vitamin D deficiency and 
insufficiency

29 28 13 44
43.9% 63.6% 46.4% 53.7%

Ideal vitamin D 37 16 15 38
56.1% 36.4% 53.6% 46.3%

Total 66 82 28 82
100% 100% 100% 100%

P 0.052 0.521
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≤3.5 group and 63.8% of patients had an ideal serum vitamin 
D level. These prevalence rates in the HOMA-IR >3.5 group 
were 63.5% of patients had vitamin D deficiency and insuf-
ficiency, and 36.5% patients had an ideal serum vitamin 
D level; this result had high statistical significance (p = 
0.007). There were 45 QUICKI >0.32 patients and 65 
QUICKI ≤0.32 patients. The QUICKI >0.32 group had 
a lower vitamin D deficiency and insufficiency rate (37.8%) 
and a higher ideal serum vitamin D rate (62.2%). These 
prevalence rates in the QUICKI ≤0.32 group were 61.5% 
and 38.5%, respectively, p = 0.020 (Table 4).

The correlation analysis indicated that (Table 5) there 
was no statistically significant correlation between 25(OH)D 
and HbA1C (r = −0.229, p = 0.14), age (r=0.045, p=0.641) 
and diabetes duration time (r=−0.007, p=0.994). Correlation 
analysis between serum 25(OH)D level and insulin resis-
tance, with the QUICKI index, showed that the 25(OH)D 
level had a high statistically significant positive correlation 
with QUICKI, with r = 0.253, p = 0.008. With HOMA-IR, 
the 25(OH)D level had a statistically significant negative 

correlation with HOMA-IR, with r = 0.253, p = 0.008. The 
result of correlation analysis between serum 25(OH)D level 
with Go indicated that 25(OH)D level was negatively corre-
lated with Go (r = −0.229, p = 0.016)

Discussion
Many studies have indicated that patients with type 2 
diabetes have a high prevalence of vitamin 
D deficiency.1–3 In our study, the prevalence of vitamin 
D deficiency and insufficiency was found to be 51.8%, and 
the percentage of patients with an ideal level of 25(OH)D 
was 48.2%. The prevalence of vitamin D deficiency and 
insufficiency found in our study is lower than that found in 
other geographical areas.1,3 This difference can be attrib-
uted to the differences in living and eating habits of people 
in Vietnam compared to those of other countries reported 
in studies. Out results are similar to others study conducted 
in Vietnam.13

Previous studies showed that patients with a higher 
blood glucose level had a lower average level of 25(OH) 
D.9,14 The study of Bhatt et al14 on 5787 Korean adults, 
showed that the blood glucose levels of high 25(OH) 
D-level groups are lower than low 25(OH)D-level groups, 
similar to the study carried out by Yang et al9 with 1928 
volunteers, where the 25(OH)D level of the FPG<5.6 
group was higher than that of the FPG≥5.6 group. In our 
study, at the cutoff point of Go 8 mmol/l, the patient group 
with Go ≤8 mmol/l had a higher average level of 25(OH)D 
than the group with Go >8 mmol/l; this difference was 
statistically significant, with p = 0.033.

Physical activity is well known as a way to improve 
vitamin D status, and a study by Wanner et al15 showed 
that an increase of 10 min of objectively measured and 
self-reported moderate-to-vigorous activities per day was 

Table 4 Relationship Between Vitamin D Deficiency and 
Insufficiency, and HOMA-IR and QUICKI

HOMA-IR QUICKI

≤3.5 >3.5 ≤0.32 >0.32

Vitamin D deficiency and 
insufficiency

17 40 40 17
36.2% 63.5% 61.5% 37.8%

Ideal vitamin D 30 23 25 28
63.8% 36.5% 38.5% 62.2%

Total 47 63 65 45
100% 100% 100% 100%

P 0.007 0.020

Table 5 Correlation Between Vitamin D Concentration and Fasting Blood Glucose, HbA1C, HOMA-IR, and QUICKI

Correlation Linear Regression

R p B Std. Err. β p value

Age 0.045 0.641 0.022 0.070 0.033 0.151

Diabetes duration time −0.007 0.994 0.068 0.157 0.054 0.666

Go −0.229 0.016 −0.461 0.481 −0.142 0.340

HBA1C −0.151 0.114 −0.137 0.868 −0.022 0.875

HOMA-IR −0.192 0.045 −0.17 0.249 −0.12 0.946

QUICKI 0.253 0.008 54.601 44.781 0.213 0.226
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associated with an increase in circulating vitamin D of 
0.32 ng/mL and of 0.18 ng/mL, respectively. In our 
study, the average level of 25(OH)D among patients in 
the ideal exercise level group was higher than those in less 
exercise level group, while the average level of 25(OH)D 
in male patients is higher than that of female patients. This 
may be because male patients engage in more physical 
activity and outdoor activity than female patients.

Besides fasting blood sugar, many studies indicate that 
vitamin D status is related to insulin resistance.16,17 In the 
study of Chung et al16 (on 1466 participants) and Dutta 
et al17 (on 157 prediabetes patients), the high 25(OH)D 
groups have a lower HOMA-IR and a higher QUICKI 
index. In parallel, in our study, at the cutoff point of 3.5 
for HOMA-IR and 0.32 for QUICKI, patients in the high 
HOMA-IR group and patients in the low QUICKI group had 
a lower average level of 25(OH)D than those in the low 
HOMA-IR group and the high QUICKI group. The chi- 
square test also indicated that the prevalence of vitamin 
D deficiency and the insufficiency of patients in the high 
HOMA-IR group and low QUICKI group are higher than 
those in the low HOMA-IR group and high QUICKI group.

The correlation analysis indicated that the 25(OH)D level 
was negatively correlated with Go and HOMA-IR, with 
r coefficients of −0.229 and −0.192, respectively (p < 0.05). 
The 25(OH)D level was positively correlated with QUICKI, 
with r = 0.253; this had a high statistical significance, with p = 
0.008. Our findings are consistent with previous studies.17–19

Conclusions
Vitamin D deficiency is prevalent in diabetes patients, 
while patients who have better glucose-related parameters 
such as fasting blood sugar, HOMA-IR and QUICKI have 
a better vitamin D status. Some blood sugar-related factors 
such as exercise level and sex are related to vitamin 
D status. Future studies should examine more vitamin 
D status and diabetes-related factors to clarify the role of 
vitamin D in the prevention and treatment of diabetes.
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