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ABSTRACT

Introduction. Type 2 diabetes mellitus (T2DM) is currently an important global health disease. At the same time vitamin
D deficiency is considered the other public health problem around the world. Some studies suggest involving insufficient
or deficiency of vitamin Din the etiopathogenesis of T2DM.

Materials and methods. 58 patients, 33 women (56.89%) and 25 men (43.10%) were included in the observational study.
Demographics (age, gender), personal anamnestic data (duration of diabetes, micro-and macrovascular complications,
therapy with vitamin D supplements), anthropometric and biochemical parameters were assessed. The anthropometric
measurement included height (meters), weight (kg) and body mass index (BMI) defined as a ratio of weight to the square
of height (kg/m2). Biochemical parameters included the fasting blood glucose, glycated hemoglobin (HbA1c), serum total
cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, very-low density
lipoprotein (VLDL) cholesterol, triglycerides (TG), as well the level 25(0OH)D. We followed the correlation between vitamin
D levels and the duration of diabetes, BMI, blood glucose levels, HbAlc, TC, LDL-cholesterol, HDL-cholesterol, VLDL-cho-
lesterol, TG.

Results. The average values recorded were 11.72 years for the duration of T2DM, 31.77 kg/m? for BMI, 169.00 mg/dL for
blood glucose levels, 8.01% for HbA1lc, 200.40 mg/dL for TC, 129.04 mg/dL for LDL-cholesterol, 47.67 mg/dL for HDL-cho-
lesterol, 26.69 mg/dL for VLDL-cholesterol and 160.34 mg/dL for TG.

Conclusion. Following statistical analysis, the observational study highlight statistically negative correlation recorded be-
tween the level of vitamin D and BMI, glycemic balance (highlighted by the level of fasting blood glucose and HbA1c). The
results found nonsignificant correlation between the levels of vitamin D: duration of diabetes and lipid profile.
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INTRODUCTION

T2DM is a disease with an important global
health impact. Every 2 years the International Dia-
betes Federation (IDF) elaborates an atlas on global
estimates levels diabetes and projections for the
next few years. According to IDF, 537 million adults
are living with diabetes in 2021 worldwide. The
number of patients diagnosed with diabetes will
grow to 643 million by 2030, and 783 million by 2045
[1]. At the same time vitamin D deficiency is consid-

ered another public health with a worldwide impact
[2]. In 2008 it has been estimated that vitamin D de-
ficiency or insufficiency affects one billion people
worldwide [3]. The principal measure of vitamin D
status is represented by total 25-hydroxyvitamin D
(25 (OH)D) [4,5]. Optimal serum concentrations of
25(0OH)D begin of 30 ng/mL [3]. Vitamin D insuffi-
ciency is defined as a 25(0OH)D of 21-29 ng/mL and
vitamin D deficiency is defined as a value of 25(0OH)
D <20 ng/mL [5,6].
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Some studies suggest involving insufficient or
deficiency of vitamin D in pathogenesis of T2DM.
The following mechanism is proposed:

1. Impaired pancreatic f cell function,

2. Insulin resistance,

3. Inflammation [7,8].

The purpose of this study was to evaluate the cor-
relation between level of vitamin D and anthropo-
metric and metabolic parameters in patients with
T2DM.

MATERIALS AND METHODS

We conducted an observational study between
2020 and 2022. The research was carried out by ana-
lyzing the observation sheets of 2896 patients with
T2DM who addressed during the mentioned period
to the National Institute of Diabetes and Metabolic
Diseases “N Paulescu” and Nicodiab Private Prac-
tice. Of the 2896 patients, only 86 respectively 2.96%
showed dosing serum levels of 25(0OH)D. The re-
duced number of patients was due to the fact that
the determination of the level of 25(0OH)Dis not rou-
tinely sustained as settlement in some national
health programs. Demographics (age, gender), per-
sonal anamnestic data (duration of diabetes, mi-
cro-and macrovascular complications, therapy with
vitamin D supplements), anthropometric and bio-
chemical parameters were assessed. The anthropo-
metric measurement included height (meters),
weight (kg) and BMI defined as a ratio of weight to
the square of height (kg/m?). Biochemical parame-
ters included the fasting blood glucose, HbAlc, se-
rum total TC, HDL-cholesterol, LDL-cholesterol,
VLDL-cholesterol, TG, as well the level 25(0OH)D. The
plasma glucose, TC, HDL-cholesterol, LDL-cholester-
ol, VLDL-cholesterol, TG were measured by spectro-
photometry, HbA1lc was assayed with a high-perfor-
mance liquid chromatographic (HPLC) and the level
25(0H)D by a chemiluminescent method. Of the 86
patients with T2DM who had the determination of
25(0H)D, 28 patients were undergoing therapy with
vitamin D supplements and were excluded from the
research. We followed the correlation between vita-
min D levels and the duration of diabetes, BMI,
blood glucose levels, HbAlc, TC, LDL-cholesterol,
HDL-cholesterol, VLDL-cholesterol, TG. All the tests
were run in an SREN ISO 15189:2013 accredited lab-
oratory which ensures quality of results. Moreover,
proficiency testing participation for these parame-
ters of the laboratory was successful throughout the
study:.

STATISTICAL ANALYSES

The statistical analyses were carried out using
the R Studio software (R Core Team 2022). Thus, de-

25 (OH) D levels (ng/mL)
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scriptive statistics analyses and correlation analyses
were performed with the psych package (Revelle W,
2022), and the graphs were made with the ggplot2
package (Wickham H, 2016).

The comparison between the study and the con-
trol group was performed using the t-student test
for independent samples. To analyze the associa-
tions between vitamin D level, duration of diabetes,
BMI, blood glucose levels, HbAlc and lipid profile
(TC, LDL-cholesterol, HDL-cholesterol, VLDL-choles-
terol, TG) person correlation analyzes (r) were per-
formed. For all analyses, a statistical significance
threshold p < 0.05 was taken into account.

RESULTS

58 patients, 33 women (56.89%) and 25 men
(43.10%) were included in the observational study.
The average values recorded were 11.72 years for
the duration of T2DM, 31.77 kg/m2 for BMI, 169.00
mg/dL for blood glucose levels, 8.01% for HbAlc val-
ues, 200.40 mg/dL for TC, 129.04 mg/dL for LDL-cho-
lesterol, 47.67 mg/dL for HDL-cholesterol, 26.69 mg/
dLfor VLDL-cholesterol and 160.34 mg/dL for TG.

Microvascular complications were present in 9
patients (15.51%) the most common complication be-
ing represented by non-proliferative diabetic retin-
opathy. Macrovascular complications were much
more frequent, they were highlighted in 32 patients
(55.17%), the most common complication being hy-
pertension.

The averages, standard deviations and correla-
tions between the measured variables are given in
Table 1.

A statistically insignificant negative correlation
was recorded between the level of vitamin D and
duration of diabetes (r=-0.10; p>0.05, highlighted in
Figure 1).

R2 =-0.014 Intercept = 27 Slope = - 0.084 p=0.53
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FIGURE 1. Correlation between the level of vitamin D and
the duration of diabetes
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TABLE 1. The averages, standard deviations and correlations between the measured variables

Averages SD 1 2 3 4 5 6 7 8 9 10
1. Age (years) 63.37 9.44 —
2. Duration of
diabetes 11.72 10.52 | 0.48*** —
(years)
3.BMI (kg/m?) | 31.77 5.07 0.29 | 0.38** —
4. Blood
glucose levels 169 61.52 0.15 0.37* 0.15 —
(mg/dL)
5. HbA1lc (%) 8.01 1.97 0.21 0.53*** 0.40** 0.67*** —
6. TC (mg/dL) 200.4 48.56 -0.07 -0.08 -0.21 0.20 -0.03 —
7. LDL
cholesterol 129.04 43.97 -0.18 -0.07 -0.17 0.29 0.07 | 0.86*** —
(mg/dL)
8. HDL
cholesterol 47.67 10.63 -0.04 -0.29 -0.12 -0.44** | -0.35% | -0.10 -0.16 —
(mg/dL)
9. VLDL
cholesterol 26.69 11.34 -0.21 0.09 -0.22 0.39 0.55 0.11 0.03 -0.67 —
(mg/dL)
10. TG (mg/dL) | 160.34 | 60.21 0.04 0.22 -0.07 0.48** | 0.38* | 0.46** | 0.40* | -0.39*% | 0.91* | —
11. 25(0H)D 26.38 9.31 -0.18 -0.10 -0.49%*** | -0.42*%* | -0.33* 0.02 0.01 | 0.28 | -0.15 | -0.24
levels (ng/mL)

Abbreviation and specifications *p<0.05; **p<0.01; ***p<0.001; SD—-standard deviations

Between the level of vitamin D and BMI, a statis-
tically significant moderate negative correlation
was recorded, r=-0.49 (p<0.001). Regression analysis
indicates that 22% of the variation in vitamin D lev-
els can be explained by the BMI variation (Figure 2).

R2 = 0.22 Intercept = 55 Slope = - 0.89 p= 0.00075
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FIGURE 2. Correlation between the level of vitamin D and
BMI

Between the level of vitamin D and the fasting
blood glucose, a statistically significant moderate
negative correlation was recorded, r=-0.42 (p<0.01)
highlighted in vitamin D levels can be explained
16% by the variation in blood glucose levels.

25 (OH) D levels (ng/mL)

R2 = 0.16 Intercept = 37 Slope = - 0.064 p=0.0053
50

40

30

20

10

100 150

200

250 300

fasting blood glucose

FIGURE 3. Correlation between the level of vitamin D and
fasting blood glucose

The moderate negative correlation between the
level of vitamin D and HbA1c was statistically signif-
icant with r=-0.33, p<0.05. The variation in vitamin
D levels can be explained at a rate of 8.4% by the
variation in HbA1c (Figure 4).

The correlation between the level of vitamin D
and the lipid profile was statistically insignificant
and is presented in Figure 5.

In relation to the serum values of 25(0OH)D, the pa-
tients were divided into two groups, respectively:
study group-patients with vitamin D deficiency or in-
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sufficiency and control group-patients without vita-
min D deficiency the main characteristics of the lots
are presented in Table 2.

DISCUSSION

Some studies support the hypothesis of the in-
volvement of vitamin D deficiency in the etiopatho-
genesis of diabetes mellitus based on the observation
of the existence of receptors for vitamin D and 1-a
hydroxylase in f3-pancreatic cells. Vitamin D stimu-
lates the secretion of insulin mechanism indirectly
mediated by the normalization of extracellular calci-
um concentration [9,10]. Other signaling pathways of

25 (OH)D Ieyrels (ng/m0
r
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vitamin D include stimulating the expression of insu-
lin receptors, improving the transport of insulin-de-
pendent glucose [11,12]. Chronic inflammation is in-
volved in the development of insulin resistance,
which increases the risk of T2DM. The receptor for
vitamin D is expressed by macrophages and dendrit-
ic cells, suggesting that vitamin D plays an important
role in modulating inflammatory responses [7,8].

A statistically significant moderate negative cor-
relation was recorded between vitamin D levels and
BMI. The relation between low vitamin D and excess
weight can be partially explained by storage of vita-
min D in adipose tissue. Other possible mechanisms
involved are represented by lower dietary intake,
less skin exposure in obese patients, bariatric proce-
dures, altered metabolism or reduced activation or
increased catabolism [13].

The relationship between the level of vitamin D
and the glycemic balance (level of fasting blood glu-
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FIGURE 5. Correlation between the level of vitamin D and
lipid profile

cose and HbA1c), highlight a statistically significant
negative correlation. Zoppini G and coworkers evalu-
ated the association between HbA1lc and 25(0OH)D in
715 patients with T2DM. The authors concluded than
high HbA1c levels are associated with low concentra-
tion of serum vitamin D, independently of duration
of diabetes [14]. The Tromsg study highlighted that
serum 25(0OH)D levels are inversely associated with
HbA1c [15].

The relationship between serum concentration of
25(0OH)D and lipid profile in patients with T2DM are
uncertain. Possible mechanisms involved in relation
between vitamin D and lipid levels are: vitamin D af-
fect negatively parathyroid hormone and the high
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TABLE 2. The main characteristics of the lots

4

The main characteristics of the lots Study Group Control Group Difference in Means Statistical significance
Mean SD Mean SD (Student’s t test)

1. Age (years) 64,00 9,57 62,55 9,44 1,45 Sl

2. Duration of diabetes (years) 13,31 11,14 9,65 9,53 3,66 Sl

3. BMI (kg/m?) 33,94 505 | 28,96 3,56 4,98 p<0.001

4. Fasting blood glucose(mg/dL) 185,16 69,76 | 147,74 41,38 37,42 0,044

5. HbAlc (%) 8,47 2,44 7,43 0,91 1,04 Sl

6. TC (mg/dL) 203,56 52,34 | 196,45 44,40 7,11 Sl

7. LDL cholesterol (mg/dL) 129,16 43,79 | 128,89 45,64 0,27 Sl

8. HDL cholesterol (mg/dL) 45,33 10,84 50,88 9,76 5,55 Sl

9. VLDL cholesterol (mg/dL) 27,40 3,64 25,73 19,06 1,67 Sl

10. TG (mg/dL) 9,88 7,10 6,85 4,57 3,03 Sl

Vitamin D levels (ng/mL) 20,23 6,16 35,26 4,68 15,03 p<0.001

Abbreviation and specifications: the comparison is significant at the level p< 0.05; SI-Statistically Insignificant

level of this hormone may grow calcium influx in ad-
ipocytes what drives the increasing lipase expressio-
nand secondary generates increasing various lipid
factors [16,17], vitamin D can generate the excretion
of TG by promoting calcium absorption in the intes-
tine and cause an increase in HDL levels [18]. Cur-
rently not exist extensive observational studies that
explored the correlation between the level of vitamin
D and lipid profile. In a cross-sectional study pub-
lished in 2017, Ge H and coworkers evaluated the as-
sociation between serum 25(0H)D concentration and
lipid profile in the rural population of China. In this
study low serum 25(0OH)D levels were associated
with higher prevalence of dyslipidemia [19]. Bashir
NA and collaborators evaluated lipid profile in 127
patients with vitamin D deficiency. The study re-
vealed that “A significant effect of vitamin D insuffi-
ciency or deficiency on serum level of cholesterol,
triglycerides, and LDL and increases the levels more
than the double and decreases the level of HDL” [20].
Saedisomeolia A and coworkers have evaluated in a
cross-sectional study the association between serum
25(0OH)D levels and lipid profile in 108 patients with
T2DM. The results of the study highlighted that se-
rum concentrations of 25(0H)D were inversely asso-
ciated with levels of TG [21]. In an observational
study, Jorde R and Grimnes E exploring the associa-
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