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Objective: To investigate the relationship between serum 25-hydroxyvitamin D [25(OH)D]
levels and blood glucose and lipid levels in people over 18 years of age in Gansu, China.
Subjects and Methods: A total of 1928 volunteers (958 males and 970 females) were
selected. The prevalence of abnormal glucose metabolism and lipid metabolism in the vitamin
D deficiency group (<20 ng/mL) and the non-vitamin D deficiency group (>20 ng/mL) were
compared. The correlations between serum 25(OH)D and blood glucose and lipid were analyzed.
Results: A total of 1681 patients had 25(OH)D deficiency, with an overall prevalence of
87.2% (82.9% in males and 91.4% in females). The levels of 25(OH)D in the diabetic group
and the IGT/IFG group were significantly lower than that in the normal group. The level of
25(0OH)D was significantly lower in the dyslipidemia group than that in the normal group,
and was significantly lower in the fasting plasma glucose (FPG) >5.6 mmol/L group than that
in the FPG <5.6 mmol/L group (p=0.002). The 25(OH)D level in the serum triglyceride (TG)
>1.7 mmol/L group was significantly lower than that of the TG <I1.7 mmol/L group
(»=0.0274). The age, heart rate, TG, TC, FPG and H,PG levels in the vitamin D deficiency
group were significantly higher than those in the non-vitamin D deficiency group (»p<0.05).
The prevalence of FPG >5.6 mmol/L in the vitamin D deficiency group was higher than that
in the non-vitamin D deficiency group (23.5% vs 16.6%, p=0.016). Multiple linear regression
analysis suggested that serum 25(OH)D levels were independently correlated with gender,
age, FPG, TG and heart rate (B=—0.218, —0.129, —0.075, p=—0.103, —0.058, all p<0.05).
Conclusion: The incidences of dyslipidemia and dysglycemia were higher in the vitamin D
deficiency group. The vitamin D level was independently and negatively correlated with FPG
and TC, but not with waist circumference, BMI and blood pressure.

Keywords: 25(OH)D, lipid metabolism, glucose metabolism

Introduction

Vitamin D is a steroid hormone that can be synthesized in the skin after exposure to
ultraviolet light and can also be obtained through exogenous supplementation or
dietary intake.' Epidemiological studies have shown that vitamin D deficiency
affects nearly one billion people worldwide.> Vitamin D deficiency is more severe
in adults, especially in the Middle East and Asia.® The prevalence of vitamin D
deficiency varies by geographical location, duration of sunlight, use of sunscreen,
and dietary habits.* A recent multi-centric study in five major cities in China’ found
that the prevalence of vitamin D deficiency in mainland urban population was
55.9%, and the serum level of 25-hydroxyvitamin D [25(OH)D] was <50 nmol/L.
Other studies have shown that the prevalence of vitamin D deficiency in adult men
and women in the United States ranged from 40% to 100%.°
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Vitamin D plays an important role in maintaining bone
health and mineral homeostasis. Vitamin D receptors are
widely distributed in most tissues, and vitamin D has
various important exoskeletal effects. Recent studies have
confirmed that vitamin D is also involved in the metabolic
regulation of nutrients in the body, such as sugar and fat.'
To the subjects with overweight and obesity, serum vita-
min D levels were associated with body mass index
(BMI), waist circumference (WC), fat mass, hyperinsuli-
nemia, insulin resistance, and inflammatory markers, such
as C-reactive protein, complement C;, and complement
C,.”® De Pergola et al reported vitamin D deficiency was
significantly associated to autoimmune thyroiditis in over-
weight and obese subjects.” In animal models with vitamin
D deficiency, supplementation improved insulin and glu-
cose homeostasis.'®!'! In addition, studies have shown that
vitamin D deficiency increases the risk of hypertension
and cardiovascular disease.'? Although numerous studies
have shown a correlation between vitamin D and glycoli-
pid metabolism, studies on vitamin D deficiency and its
relationship with glycolipid metabolism in China, espe-
cially in Gansu province, are relatively rare.

Subjects and Methods

Subjects
A total of 1928 volunteers (aged 18-87 years) were
selected to participate in the National Survey Of

Diabetes Prevalence in Gansu province, including 958
males and 970 females. The survey and blood collection
took place during December 2015 and May 2016.
Inclusion criteria: age >18 years, Han nationality, at least
5 years’ residence in the community (village) of the flow
transfer sites and those who had not received vitamin D
preparations or calcium supplements in the last three months.
Exclusion criteria: missing data and outliers in the ques-
tionnaire; subjects with diabetes history; pregnant women;
subjects with thyroid dysfunction with or without medica-
tion; subjects with parathyroid disease history; patients with
severe liver and kidney dysfunction; patients with recent
acute infection; subjects with newly broken bones, and
those who recently took vitamin D, hormones and other
drugs that affect blood calcium and vitamin D metabolism.

Methods

Collection of Basic Information of the Subjects

The volunteers’ basic information, education level, drinking
history, smoking history, diabetes and hypertension history,

family history of coronary heart disease, dietary and living
habits (including milk, calcium and vitamin D supplements,
etc.) were collected. The subjects were also asked whether
they had metabolic osteopathy, thyroid diseases, severe hepa-
tic and renal insufficiency, or malignant tumors. Height,
weight, waist circumference (WC), systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart rate were
measured. The height and weight of the subjects were mea-
sured by professional medical staff, and the subjects were
required to take off their shoes and wear thin clothing. Body
mass index (BMI) was calculated by dividing weight by
height squared (Kg/m?). WC was measured at the umbilical
plane. Heart rate, SBP and DBP were read with an electronic
sphygmomanometer after a 10-minute rest.

Determination of Serum Biochemical Indicators

After fasting overnight for 8 h, the venous blood samples
were collected in the morning. The fasting plasma glucose
(FPG), 2 h postprandial plasma glucose (H,PG), total
cholesterol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C) and blood calcium (Ca) were measured
using the Bs-220 automatic biochemical analyzer (Mairui
Biotechnology Co. Ltd., China). The reagents were pur-
chased from Meigao medical technology Co. Ltd., China.

Diagnostic Standards

Serum 25(OH)D <20 ng/mL (50 nmol/L) was defined as
vitamin D deficiency, 20-30 ng/mL (50-75 nmol/L) as vita-
min D insufficient, and >30 ng/mL (>75 nmol/L) as vitamin
D sufficient."?

According to the American Diabetes Association (ADA)
recommendations, diabetes mellitus is recognized when FPG
>7.0 mmol/L or H,PG >11.1 mmol/L. Impaired Fasting
Glucose (IFG): 5.6 mmol/L <FPG <6.9 mmol/L; Impaired
Glucose Tolerance (IGT): 7.8 mmol/L <H,PG <11.0 mmol/L.

Diagnosis of dysglycemia:'* fasting blood glucose
>5.6 mmol/L; H,PG >7.8 mmol/L, and any of the above
two abnormalities is defined as dysglycemia.

Diagnosis of dyslipidemia:'> TG >1.70 mmol/L; TC
>5.2 mmol/L; LDL-C >3.4 mmol/L; HDL-C <1.04 mmol/
L; and any of the above is considered as dyslipidemia.

Statistical Analysis

All data were analyzed using SPSS25.0. Measurement
data are expressed as mean + standard deviation (X * s).
Independent sample #-test was used for the comparison of
normal distribution data between two groups. One-way
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ANOVA was used for the comparison between multiple
groups, and LSD method was used for the pairwise com-
parison. Non-normal distribution data were tested by non-
parametric test. The counting data were compared between
the two groups using the chi-square test. The correlations
between serum vitamin D levels and glucose and lipid
metabolism were analyzed by Pearson’s correlation analy-
sis. Multivariate linear regression analysis was performed
to analyze the independent factors influencing serum vita-
min D levels. Since gender as a discontinuous variable, we
converted gender into a dummy variable in regression
analysis, with O for males and 1 for females. A
p-value<0.05 was considered as statistically significant.

Results
Comparison of 25(OH)D Levels with
Different Characteristics of the

Population

The mean age of the 1928 participants was 42.9 years, of
which 35 (1.8%) had adequate levels of 25(OH) D, 212
(11.0%) had inadequate levels, and 1681 (87.2%) were
considered as deficient. When stratified by gender, 794
(82.9%) males and 887 (91.4%) females were 25(OH) D
deficient (Table 1).

Vitamin D levels were significantly lower in the >60
years age group than in the 18-44 and 45-59 years age
groups (p=0.001). There was no significant difference in
serum vitamin D levels between the 1844 and 45-59
years age groups. Vitamin D levels were significantly
higher in men than in women (p<0.001) (Table 1). There
was no significant difference in serum vitamin D levels
among different BMI groups (Table 1).

Among the 1928 participants, 106 (5.5%) cases were
newly diagnosed with diabetes and 526 (27.3%) had IGT/
IFG. The serum vitamin D levels of the diabetic group and
the IGT/IFG group were significantly lower than that of
the normal blood glucose group. There was no significant
difference in vitamin D levels between the diabetic group
and the IGT/IFG group. The level of vitamin D in the FPG
>5.6 mmol/L group was significantly lower than that in the
FPG <5.6 mmol/L group (p=0.002). Vitamin D levels
the H,PG <7.8 mmol/L group and the
H,PG>7.8 mmol/L group showed no statistical difference
(Table 1).

The serum vitamin D levels in the dyslipidemia group

between

were significantly lower than that in the normal group
(Table 1). The serum vitamin D level of the TG >1.7 mmol/

L group was significantly lower than that of the TG
<1.7 mmol/L group (p=0.0274). There was no significant
difference in serum vitamin D levels between the groups
with different TC, HDL-C, and LDL-C levels (Table 1).

Comparison of Relevant Indexes Among
the Different 25(OH)D Level Groups

The number of cases in the vitamin D sufficient group was
small (n=35), therefore, the vitamin D sufficient group and
the vitamin D insufficient group (n=212) were combined
into one group. According to the dichotomy, vitamin D
levels were divided into the vitamin D deficiency group 25
(OH)D <20 ng/mL (<50 nmol/L) and the non-vitamin D
deficiency group 25(OH)D >20 ng/mL (=50 nmol/L),
respectively.

The age, heart rate, TG, TC, FPG and H,PG levels of
the vitamin D deficiency group were significantly higher
than that of the non-vitamin D deficiency group (p<0.05),
while the blood Ca level was significantly lower than that
of the non-vitamin D deficiency group (p<0.05) (Table 2).

Prevalence of Dyslipidemia and
Dysglycemia in the Different 25(OH)D
Groups

The prevalence of FPG >5.6 mmol/L in the vitamin D
deficiency group was significantly higher than that in the
non-vitamin D deficiency group (23.5% vs 16.6%,
p=0.016). In addition, the prevalence of TG >1.70 mmol/
L in the vitamin D deficiency group was higher than that
in the non-vitamin D deficiency group (29.3% vs 23.5%),
but did not reach significance (p=0.06)
(Figure 1)

statistical

Relationship Between 25(OH)D Level

and Glucose and Lipid Metabolism
Pearson’s correlation analysis showed that serum 25(OH)D
levels were negatively correlated with serum TG (=—0.067,
p=0.003), HDL-C (r=—0.050, p=0.029), FPG (r=0.063,
p=0.006), age (=—0.116, p<0.001), and heart rate (=—0.077,
p=0.001). Moreover,serum 25(OH)D levels were positively
correlated with serum calcium level (=0.078, p=0.001). There
was no correlation between LDL-C, SBP and DBP levels
(Table 3).

Multiple Linear Regression Analysis
With serum 25(OH)D level as the dependent variable, and
FPG, H,PG, TG, TC, LDL-C, HDL-C, WC, blood Ca and

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

submit your manuscript

1557

Dove


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

Table | Comparison of Vitamin D Levels Among Subjects with Different Characteristics

Variables Group Number (N) | Valuesx +s | Proportion of Each Group | 25(OH)D Concentrations (mmol/L) | P
(%)

Age (years) 18-44 1089 31.89+6.72 56.5 14.61£5.86 0.001
45-59 536 50.93+4.29 27.8 13.60+5.83
260 303 68.34+6.34 15.7 13.45£6.36

Gender Male 958 49.7 15.46+6.01 0.000
Female 970 50.3 12.8545.61

BMI (kg/m?) <18.5 80 17.68+0.65 4.1 14.33+£5.51 0.12
218.5 and<24.0 | 927 21.67+1.44 48.1 13.69£5.99
224.0 and<28.0 | 714 25.64x1.12 37.0 14.63£6.00
228 207 30.111.89 10.8 14.46+5.62

Glycemic status (mmol/L) | FPG<5.6 1492 4.90+0.48 773 14.3746.02 0.002
FPG>5.6 436 6.3111.44 227 13.3545.65
H,PG<7.8 1516 6.13+0.81 78.6 14.1945.94 0.492
H,PG>7.8 412 10.1743.22 21.4 13.9745.99

Lipid levels (mmol/L) TC<5.2 1582 4.07+0.66 82.0 14.19£5.89 0.475
TC=25.2 346 5.87+0.59 18.0 13.9316.25
TG<I.7 1378 1.05£1.32 71.5 14.34+5.98 0.024
TG=21.7 550 2.85%1.39 28.5 13.66+5.85
LDL-C<3.4 1671 2.41+0.54 86.7 14.16£5.91 0818
LDL-C=3.4 257 3.89+0.55 133 14.06£6.21
HDL-C=1.04 1776 1.54+0.35 92.1 14.10+5.94 0217
HDL-C<1.04 152 0.93+0.11 79 14.7246.13

Blood glucose level Normal 1296 - 67.2 14.43+5.98 0.01
IGT/IFG 526 - 27.3 13.5145.92
Diabetes 106 - 5.5 13.86+5.46

Dyslipidemia No 1102 - 57.2 14.40£5.99 0.027
Yes 826 - 42.8 13.80+5.89

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; H,PG, plasma glucose 2 hours after taking glucose; TC, total cholesterol; TG, triglycerides; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 25(OH)D, 25-hydroxyvitamin D; IGT, impaired glucose tolerance, IFG, impaired fasting glucose.

heart rate as independent variables, multiple linear regres-
sion analysis suggested that FPG (f=—0.069, p=0.038), TG
(p=—0.113, p=0.000), LDL-C (p=-0.086, p=0.037) and
heart rate (f=-0.073, p=0.002) were independently and
negatively correlated with serum 25(OH)D level. Blood
Ca levels were independently and positively correlated
with vitamin D levels (=0.079, p=0.000). After further
adjustments for age, gender and BMI, serum 25(OH)D
levels were independently correlated with gender (B=
—0.218, p<0.001), age (f=-0.129, p<0.001), FPG (B=
—-0.075, p=0.021), TG (B=-0.103, p<0.001), and heart
rate (f=—0.058, p=0.011) (Table 4).

Discussion

25(OH)D, the main form of vitamin D in the blood circula-
tion, reflects the nutritional status of vitamin D. 1, 25-dihy-
droxyvitamin D is the main bioactive form of vitamin D,

which exerts biological effects by binding to vitamin D
receptor (VDR)." At present, the definition of vitamin D
deficiency remains controversial. According to the guide-
lines of the United States in 2011'* and the clinical consensus
of vitamin D and its analogs in China in 2018,'® vitamin D
deficiency is defined as 25(OH)D <20 ng/mL.A systematic
review showed that vitamin D deficiency was prevalent in
most regions of China.'” In this study, the prevalence of
vitamin D deficiency in Gansu (Western China) was 87.2%,
which was higher than that in other Chinese cities.'® " It
was also higher than in some foreign countries, such as
Japan (40.8%), Finland (69%), Spain (30.5%) and Iran
(71.2%).***° The disparity may be due to the fact that
Gansu is relatively underdeveloped economically and inland,
where people eat fewer foods rich in vitamin D, such as fish.
Gansu province is located in latitude of 32°317-42°57”N and
longitude of 92°137-108°46”E. It is far from the equator and
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Table 2 Comparison of Indicators Between Vitamin D

Deficiency Group and Non-Vitamin D Deficiency Group (x + s)

Table 3 Correlation Analysis of 25(OH) D and Various
Metabolic Indexes

Indicators Vitamin D Non-Vitamin D p-
Deficiency Group Deficiency value
<20 ng/mL group>20 ng/mL
(n=1681) (n=247)

Males (Female) 794(887) 164(83) <0.0001

Age (years) 43.46+14.89 39.16+15.28 <0.0001

BMI (Kg/m?) 23.87+3.34 23.98+3.33 0.626

SBP (mmHg) 126.31+£18.57 124.31£15.94 0.109

DBP (mmHg) 77.73£11.63 77.12£10.72 0.436

WC (cm) 83.46+9.95 84.92+9.80 0.032

Heart rate 80.42+12.10 78.40+11.80 0.014

(beats/min)

TG (mmol/L) 1.58x1.16 1.41+0.91 0.027

TC (mmol/L) 4.42+0.95 4.26+0.95 0.012

LDL-C (mmol/L) | 2.62+0.74 2.53£0.74 0.067

HDL-C (mmol/L) | 1.50£0.37 1.47+0.39 0.162

FPG (mmol/L) 5.24+1.03 5.10+£0.72 0.040

H,PG (mmol/L) 7.04£2.40 6.72+1.83 0.042

Ca (mmol/L) 2.2040.12 2.2240.18 0.008

25(OH)D (ng/ 12.49+3.88 25.39+5.40 <0.0001

mL)

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; H,PG, plasma
glucose 2 hours after taking glucose; TC, total cholesterol; TG, triglycerides; LDL-
C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; 25(OH)D:25-hydroxyvitamin D; WC, waist circumference; Ca, calcium. SBP,
systolic blood pressure; DBP, diastolic blood pressure.

ultraviolet radiation intensity is weaker, leading to less vita-
min D synthesis in the skin. In addition, vitamin D levels are
generally higher in summer than in winter, which may be
related to UV intensity.?*2’

Vitamin D, as the main regulator of calcium and phos-
phorus metabolism, plays an important role in maintaining
intracellular and extracellular calcium homeostasis. In
addition to its association with bone health, vitamin D is

also associated with obesity, insulin resistance, diabetes,

25(0OH)D=20ng/mL 0 25(0H)D<20ng/mL
HDL<1.0ammol/L S 81 p=0.894

LDL>3.40mmol/L p=0.700
TC25.2mmol/L 16-128‘2 p=0.442
H2PG27.8mmol/L IS 186 p=0.260
FPG25.6mmol/L LMD 16.6 p=0.016

T621.70mmol/L | TN 235 299;0-060

0 10 20 30 40
prevalence(%)

Figure | The prevalence of dysglycemia and dyslipidemia in different 25(OH)D
groups.

r P
Age -0.219 0.000
WC 0.090 0.000
BMI 0.051 0.026
SBP —0.031 0.171
DBP -0.017 0.453
Heart rate —-0.077 0.001
TC —0.030 0.191
TG —0.067 0.003
HDL-C —0.050 0.029
LDL-C —0.024 0.331
FPG —0.063 0.006
H,PG —0.038 0.094
Ca 0.078 0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure, TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipo-
protein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting
plasma glucose; H,PG, plasma glucose 2 hours after glucose intake;Ca, calcium.

hypertension, atherosclerosis and other diseases.'® In this
study, the relationship between vitamin D and glucose and
lipid metabolism as well as blood calcium and heart rate
was analyzed. The results showed that vitamin D was
negatively correlated with FPG, TG and TC, and after
adjusting for gender, age and BMI, vitamin D was nega-
tively correlated with FPG and TG. Previous studies have
shown a close relationship between vitamin D levels and
glycolipid metabolism. Most observational studies have
shown that vitamin D was negatively correlated with
FPG 2112830 TG 242833 (28303435 [ pp 242831 gpg
serum HDL-C 24283134

Szternel et al*’ showed that serum vitamin D level was

positively  correlated ~ with
negatively correlated with FPG and TC in children aged
9-11 years, and every 1 ng/mL reduction in 25(OH)D
concentration was associated with a 0.013 mmol/L
increase in FPG, a 0.25 mmol/L increase in TC, and a
0.015 mmol/L decrease in HDL-C.

Some potential mechanisms have been suggested to
explain the role of vitamin D deficiency in insulin
resistance,>>® because the vitamin D by the pancreas
and nerve tissue of the VDR directly stimulates the pro-
duction of insulin, and vitamin D deficiency may indir-
ectly affect the variations of calcium level during insulin
secretion, signal transduction and the activity of glucose
transporter. In addition, insulin secretion is a calcium-
dependent process, and vitamin D indirectly regulates the
function of cells by regulating extracellular calcium and
calcium fluxes. So a lack of vitamin D or calcium intake
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Table 4 Multiple Linear Regression Analysis of Vitamin D and Various Metabolic Indexes

Model | Model 2
B B P B B P
Gender - - -

Males 0*

Female -2.592 -0.218 0.000
Age - - - —0.051 —-0.129 0.000
BMI - - - 0.052 0.029 0.433
FPG -0.413 —0.069 0.038 —0.449 —0.075 0.021
H,PG 0.074 0.029 0.390 0.154 0.060 0.070
TG -0.595 —0.113 0.000 —0.540 —0.103 0.000
TC 0.436 0.069 0.110 0.337 0.054 0.207
LDL-C —0.688 —0.086 0.037 —0.342 —0.043 0.297
HDL-C -0.797 —0.051 0.093 0.061 0.004 0.897
WwC 0.070 0.117 0.000 0.019 0.032 0411
Ca 3.582 0.079 0.000 1.837 0.041 0.077
Heart rate —0.036 —0.073 0.002 —0.029 —0.058 0.011

Notes: 0% males as the reference. Model I: adjusted FPG, H,PG, TG, TC, LDL-C.

HDL-C, WC, Ca, and heart rate; Model 2: Model | +age, gender and BMI.

Abbreviations: TC, total cholesterol; TG, triglyceride, LDL-C low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma
glucose; H,PG, plasma glucose 2 hours after glucose intake; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

may alter the stability of the intracellular and extracellular
calcium pools, which in turn may affect the normal secre-
tion of insulin. In an animal study, VDR knock-out mice
consumed more energy and oxygen than wild-type mice.
Therefore, they had less body fat and lower plasma TG
and TC levels.’” Vitamin D can improve lipid metabolism
by inhibiting parathyroid hormone (PTH) secretion (PTH
can reduce fat breakdown) and increasing blood calcium
level (calcium can reduce the formation and secretion of
liver TG).'® Vitamin D supplementation may reduce the
rate of conversion from pre-diabetes to diabetes, and the
incidence of obesity.*®

18,2839 vitamin D

Consistent with previous studies,
levels were negatively correlated with age in this study,
and lower vitamin D concentrations were observed with
the increase in age. This has been linked to a decline in the
ability of older people’s skin to synthesize vitamin D.'
However, Nakhaee et al*® reported that the age of the
vitamin D sufficient group was higher than that of the
non-deficient and deficient groups. In addition, the vitamin
D level of women was lower than that of men in the
present study, which was consistent with previous studies,-
18.21.28.30 and may be related to the different lifestyles of
men and women, as many women used sunblock products
or performed fewer outdoor activities.

The relationship between vitamin D levels and obesity

is inconsistent. Most studies suggested that vitamin D

levels were lower in obese people, and negatively corre-
lated with BMI**2%?"22 and WC.**3%** The possible
mechanism is that excessive vitamin D accumulates in
the adipose tissue of obese people, leading to a decrease
in vitamin D in the blood circulation and affecting its
biological activity. Similarly, vitamin D inhibits the differ-
entiation of pre-adipocytes into adipocytes, thereby redu-
cing the production of fat. However, our study showed no
significant correlation between vitamin D concentration
and BMI. This may be related to dietary characteristics,
ethnic differences, physical activity levels and education
levels in different study populations, especially in foreign
populations and more obese people.

Previous studies have found that the regulation of 1,25
(OH)D on renin does not depend on the metabolism of
calcium, but inhibits the production of renin through a
mechanism mediated by VDR. Therefore, 1,25(OH)D is
believed to be a negative regulator of renin-angiotensin
system, which can prevent and improve hypertension.

Some studies have shown a significant negative corre-
lation between serum vitamin D levels and SBP, or DBP
levels.>*~*? However, the current results suggest that serum
vitamin D levels are not correlated with SBP and DBP
levels. Consistent with our results, Kwon et al*’ reported
that serum vitamin D levels were not correlated with blood
pressure. The reason for the inconsistent results may

be that hypertension is a multifactorial disease, and
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interactions with race, age, diet, or other factors may
weaken the association between vitamin D and blood
pressure. More well-designed studies are needed to clarify
the issue in the future.

There are few studies on the relationship between heart
rate and vitamin D. In the current study, vitamin D was
negatively correlated with heart rate. Studies have shown
that vitamin D was associated with cardiac autonomic

nerve activity,>>*!

therefore, people with vitamin D defi-
ciency may have a higher resting heart rate. The increased
resting heart rate may also affect blood glucose and lipid
levels.*? Consistent with our results, Ke et al>> found that
vitamin D levels were negatively correlated with heart rate
at baseline and after four years, even after adjusting for
related confounding factors. Holick et al'® reported a
similar correlation between vitamin D and heart rate.

In summary, the present study suggested that the pre-
valence of vitamin D deficiency in Gansu province was
relatively high, and the incidence of abnormal glucose and
lipid levels in the vitamin D deficiency group was rela-
tively high. Vitamin D was negatively correlated with FPG
and TG, positively correlated with blood Ca, but not sig-
nificantly correlated with WC, BMI and blood pressure.
However, there were limitations to this study, which was a
cross-sectional study, and could not show a causal rela-
tionship between vitamin D deficiency and abnormal glu-
cose and lipid metabolism. In addition, the study did not
exclude confounding factors such as exposure to sunlight,
smoking and work environment. Moreover, data such as
insulin levels and parathyroid hormone levels were not
collected in the study, so the correlation between vitamin
D and insulin resistance could not be better evaluated. The
sample size of this study was small. Furthermore, there is a
percentage of individuals who are affected by diabetes, but
that do not know to have this disease and that possibly
have been enclosed in this study, which may influence the
results. Hence, more prospective studies are needed to
further explore the effects of vitamin D deficiency on
dysglycemia, and whether appropriate vitamin D supple-
mentation is beneficial for improving dysglycemia.

Conclusions

The incidence of dyslipidemia and dysglycemia was
higher in the vitamin D deficiency group. The level of
vitamin D was independently and negatively correlated
with FPG and TC, but not with waist circumference,
BMI and blood pressure.
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