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Obesity and T2DM have now become serious
epidemics in public health issues worldwide. T2DM is
considered a multifactorial disease, which is
promoted by genetic and environmental factors and
characterized by chronic hyperglycemia and insulin
resistance (IR)!". According to the report of the
World Health Organization, overweight and obesity
account for 44% of diabetes cases in most European
countries; overweight and obesity are also
responsible for about 80% of T2DM cases”,
suggesting that obesity is deeply involved in T2DM
development. Being overweight itself increases the
risk of the same complications as obesity. The risk is
particularly high when excess adipose tissue is
distributed intra-abdominally [as characterized by a
high waist circumference (WC)][”. Obese T2DM
patients not only have worse metabolic control than
normal-weight T2DM patients but also are at an
extremely high risk of future diabetes-related
cardiovascular—renal complications, which may, in
turn, increase the mortality risk of individuals seven-
fold.

Vitamin D deficiency is a common health
problem in China that is typically defined as serum
25-hydroxyvitamin D [25(0H)D] < 20 ng/mL®.
Vitamin D status is negatively associated with insulin
sensitivity and T2DM. Importantly, compared with
the general obesity rate, the prevalence of
abdominal obesity in the Chinese population is
higher. The measurement of abdominal obesity is
strongly and positively associated with the all-cause
independence of general obesity; it may be a better
predictor of the risk of T2DM than others™.
Therefore, preventing the co-occurrence of obesity
and T2DM is critically significant. This study aimed to
investigate the association of vitamin D with obesity
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and T2DM comorbidity and explore the role of WC in
this association.

In July 2013, the participants were enrolled in
rural Henan by cluster sampling in Jiaozuo and
Zhengzhou. Participants aged 18-80 years with a
body mass index (BMI) > 24 kg/m2 were included,
and individuals lacking the clinical parameter of
25(0OH)D and receiving medications known to affect
vitamin D metabolism (including vitamin/mineral
supplements) for three months were excluded.
Finally, 901 participants were involved. This study
was approved by the Zhengzhou University Life
Science Ethics Committee. All participants signed
written informed consents.

Obesity with T2DM was defined as having T2DM
and overweight/obesity. Fasting plasma glucose
(FPG) = 7.0 mmol/L or subjects who had a history of
T2DM or undergoing hypoglycemic therapy was
considered T2DM. We classified participants into
BMI categories on the basis of Chinese guidelines:
overweight (BMI 24.0-27.9 kg/m’) and obesity (BMI
> 28 kg/m’). According to the “Consensus Statement
for Metabolic Syndrome from the International
Diabetes Federation,” Chinese abdominal obesity
was defined as a WC 2 90 cm in men and 2 80 ¢cm in
women.

The data collected mainly included questionnaire
surveys and anthropometric measurements. The
evaluated questionnaires were used to collect
demographic characteristics, lifestyle information,
and illness histories obtained by uniformly trained
investigators  through face-to-face interviews.
Moreover, physical examinations included height,
weight, WC, hip circumference, arm circumference,
skinfold thickness, and blood pressure
measurements [Systolic blood pressure (SBP),

"This study was funded by the National Natural Science Foundation of China, Grant Numbers: 81872626, 82003454.
1. Department of Nutrition and Food Hygiene, College of Public Health, Zhengzhou University, Zhengzhou 450001,
Henan, China; 2. Department of Clinical Medicine, Medical College of Zhengzhou University, Zhengzhou 450001, Henan,

China



464

Biomed Environ Sci, 2022; 35(5): 463-467

Diastolic blood pressure (DBP) and Pulase pressure
(PP)] .

BMI = weight (kg)/height” (m?) (1)

pulse pressure (PP, mmHg) =
systolic blood pressure (SBP, mmHg) — (2)
diastolic blood pressure (DBP, mmHg)

FPG levels were measured using the glucose
oxidase method. The serum concentration of
25(0OH)D (ng/mL) was measured by enzyme-linked
immunosorbent assay (ELISA, Sangon Biotech Co.
Ltd; Shanghai, China). In addition, the concentration
of serum fasting insulin (FIns) was measured by
radioimmunoassay. Homeostasis Model Assessment
Insulin Resistance (HOMA-IR) was used to estimate
IR. Formulas were as follows:

HOMA-IR = FPG (mmol/L) x FIns (mIU/L)/22.5 (3)

For statistical analysis, baseline characteristics
were calculated using the means and standard
deviations for the continuities, frequencies, and
percentages of categorical variables. Logistic
regression and linear regression models were used to
explore the relationships between 25(0OH)D and
obesity with T2DM. 25(0OH)D levels were grouped into
three categories (< 20 ng/mL, 20-30 ng/mL,
> 30 ng/mL)[3]. Interaction analysis was conducted to
explore the role of the association between WC and
vitamin D status on obesity with T2DM. Statistical
analyses were performed using SPSS software, version
22.0 (SPSS Inc., Chicago) and R language, version
1.1.463 (Rstudio Inc.,). All the analyses were tested
two-sided, and P < 0.05 was considered significant.

In the study, a total of 901 rural Chinese adults
(438 males and 463 females) were included. The
characteristics of all participants are presented in
Supplementary Table S1 (available in  www.
besjournal.com). The mean ages of the comorbidity
and non-comorbidity group subjects were 50.01 +
14.57 and 58.00 + 11.38 years, respectively. The co-
prevalence of obesity and T2DM was 22.97% among
the rural residents in Henan, which might be related
to the demographic characteristics of patients.
Patients with comorbidities were likely old, female,
and less educated. They were also characterized by a
high proportion of farmers, high vegetable and fruit
intake, and mild physical activities but low
proportions of smoking, alcohol consumption, and

high-fat diets (P < 0.05 for each). Compared with the
non-comorbidity group, the comorbidity group
displayed significantly higher levels of FPG, Fins,
HOMA-IR, BMI, WC, SBP, and PP (P < 0.05 for each).
Patients with 25(0OH)D deficiency were accounted for
57.97% in the comorbidity group, significantly higher
than that in the non-comorbidity group (46.69%)
(P: 0.001), suggesting that obesity with T2DM may be
related to vitamin D deficiency. Therefore, we
consider that increased vitamin D may well decelerate
or inhibit IR, visceral obesity, and T2DM"!,

The association between 25(OH)D level and
glycometabolism is presented in Figure 1 and
Supplementary Figure S1 (available in  www.
besjournal.com). After adjusting Model 3, high
25(0OH)D levels (especially vitamin D sufficiency)
wcere associated with gradually low FPG levels in
overweight/obese participants (Figure 1), as
demonstrated by vitamin D supplementation in
overweight/obese nondiabetic  Asian—Australian
adults with low vitamin D concentrations'®. After
being stratified by WC category, a negative
association between natural log-transformed (Ln)
25(0OH)D and LnFPG/LnHOMA-IR was only found in
abdominally obese participants, and this relationship
was particularly significant at 25(OH)D levels
> 30 ng/mL (Supplementary Table S2, available in
www.besjournal.com). Therefore, we further
investigated the interaction effect between WC and
vitamin D status (Supplementary Figure S2 and

Supplementary Table S3 available in
www.esjournal.com), and a significant difference in
LnHOMA-IR  (Pinteraction: 0.004) was observed,

consistent with the study of Kabadi et al.m, which

showed a strong additive interaction between
abdominal obesity and insufficient 25(OH)D
{(Relative excess risk due to interaction = 6.45 [95%
confidence interval (C/) 1.03-11.52]} on IR. Two
differences were found; the first is that the
interaction between 25(0H)D and WC was
established in the overweight/obese population in
our study, the second is that we took the effect of
abdominal obesity and sufficient 25(0OH)D as a
protective factor for IR. Therefore, we assumed that
vitamin D may reduce the risk of obesity with T2DM.

Serum vitamin D sufficiency is known to be
linked with a decreased risk of T2DM. For patients
with prediabetes, moderate or high doses of (> 1,000
IU/day) vitamin D treatments can significantly
reduce the risk of T2DM®. The overall analysis and
analysis of participants stratified by WC are shown in
Table 1; vitamin D sufficiency was found to correlate
with a low prevalence of T2DM in patients with
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overweight/obesity, especially in the case of
abdominal obesity. To explore the effect between
WC and vitamin D status on obesity with T2DM, we
conducted an interaction analysis (Table 2), which
suggested that the combination of vitamin D
sufficiency and abdominal obesity had a synergistic
effect on the comorbidity (Pieraction: 0-038)
compared with abdominally obese participants
having 25(0OH)D levels < 20 ng/mL; abdominally
obese participants with 25(OH)D > 30 ng/mL had a
fully adjusted OR and 95% C/ of 0.563 (0.372, 0.852)
for comorbidity, inconsistent with the finding of
Leung et al.®” who argued that no significant
interaction existed between serum 25(OH)D and BMI

diabetes (based on the Hong Kong Osteoporosis
Study cohort). However, Leung et al.’s study is not
totally comparable to ours, as they did not
categorize serum vitamin D by clinical cut points, and
only BMI was used to operationalize obesity, which
is less correlated to the metabolically active visceral
adipose tissue. Vitamin D is a fat-soluble vitamin
that is stored in adipose tissue and released in small
amounts from this tissue, depending on the stored
quantity"®. Vitamin D supplementation can increase
the bioavailability of vitamin D and alleviate its
blocked metabolic cycle, which may increase the
circulation of vitamin D levels and induce the
expression and activation of different variations of

category (Pinteraction: 0-564) on the risk of incident vitamin D receptors that trigger the anti-
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Figure 1. Associations of serum 25(OH)D level with glucose metabolism in the total obese participants
and stratified by WC category. The clinical cut points of serum 25(0OH)D levels obtained were as follows:
< 20 ng/mL (deficiency), 20-30 ng/mL (insufficiency), and > 30 ng/mL (sufficiency). Core, B-coefficient;
line, 95% ClI; red, continuous 25(0OH)D; green, < 20 ng/mL; blue, 20-30 ng/mL; purple, > 30 ng/mL. FPG,
fasting plasm glucose; HOMA-IR, Homeostasis model assessment insulin resistance; 95% Cl, 95%
confidence interval; Ln, natural log-transformed. Model 1: no adjustment. Model 2: adjusted for age, sex,
marital status, education level, monthly income, smoking, drinking, high-fat diet, vegetable intake,
physical activity, and family history of T2DM. Model 3: further adjusted for BMI, body mass index; SBP,

systolic blood pressure; and PP, pulse pressure.
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inflammatory effects of genes on adipose tissue. In even diabetes may be improved.
turn, visceral adiposity may be reduced, and IR and This study focused on the rural Chinese

Table 1. Association between serum 25(OH)D level and obesity with T2DM in the total sample and stratified by

W(C category
ORs (95% Cls)
Measurement N
Model 1 Model 2 Model 3
Total
25(0H)D category, ng/mL
<20 444 1 (ref.) 1 (ref.) 1 (ref.)
20-30 134 0.955 (0.616, 1.480) 0.879 (0.553, 1.398) 0.959 (0.597, 1.539)
>30 323 0.518 (0.360, 0.745)"" 0.466 (0.318, 0.683) 0.530 (0.358, 0.783)"
Prrend <0.001 <0.001 0.002
Abdominal obesity
25(0H)D category, ng/mL
<20 372 1 (ref.) 1 (ref.) 1 (ref.)
20-30 110 0.803 (0.495, 1.302) 0.686 (0.409, 1.152) 0.750 (0.444, 1.267)
>30 255 0.464 (0.311, 0.691)" 0.433 (0.282, 0.664) 0.471 (0.305, 0.726)"
Prrend <0.001 <0.001 0.001
Non-abdominal obesity
25(0H)D category, ng/mL
<20 72 1 (ref.) 1 (ref.) 1 (ref.)
20-30 23 3.062 (0.989, 9.480) 4.371(1.062, 17.993)' 4.533 (1.014, 20.260)"
>30 67 1.228 (0.466, 3.237) 1.038 (0.339, 3.183) 1.192 (0.373, 3.8044)
Ptrend 0.677 0.906 0.714

Note. The clinical cut points of serum 25(0OH)D levels obtained were as follows: < 20 ng/mL (deficiency),

20-30 ng/mL (insufficiency), and > 30 ng/mL (sufficiency). WC, waist circumference; OR, odds ratio; 95% Cl,
95% confidence interval. : P < 0.05, Tp< 0.01, ™. P<0.001. Model 1: no adjustment. Model 2: adjusted for
age, sex, marital status, education level, monthly income, smoking, drinking, high-fat diet, vegetable intake,
physical activity, and family history of T2DM. Model 3: further adjusted for BMI, body mass index; SBP, systolic
blood pressure; and PP, pulse pressure.

Table 2. Interaction effect of serum vitamin D level and WC category on obesity with T2DM

25(0OH)D category, ng/mL

Measurement
<20 20-30 >30 P
WC category
Multivariate-adjusted 0.038°
Abdominal obesity 1 (ref.) 0.756 (0.447, 1.281) 0.465 (0.302, 0.717)" 0.001°

Non-abdominal obesity 0.561 (0.251, 1.257) 2.421 (0.853, 6.870) 0.598 (0.265, 1.348) 0.780°

Note. Adjusted ORs and 95% Cls for the 25(0OH)D categories from the interaction models (all models
adjusted for age, sex, marital status, education level, monthly income, smoking, drinking, high-fat diet,
vegetable intake, physical activity, family history of T2DM, BMI, SBP, and PP). The clinical cut points obtained
were as follows: < 20 ng/mL (deficiency), 20-30 ng/mL (insufficiency), and > 30 ng/mL (sufficiency). WC,
waist circumference; BMI, body mass index; SBP, systolic blood pressure; and PP, pulse pressure. °P for values
are Pipteractions °p for values are Pirend- " P<0.05 :P<0.01,  :P<0.001.
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population, which accounts for a large percentage,
especially in Henan, the most populous province in
China. Therefore, the population sample is
representative, and our results can be generalized to
other regions in China. The research was conducted
in July 2013 when the sun was abundant, so no
effect of insufficient sunshine on vitamin D
production was observed. The major strength of this
study is that, to our knowledge, it is the first to
assess the relationship between vitamin D and
abdominal obesity on obesity and T2DM
comorbidity. However, several limitations should be
considered. First, it is only cross-sectional, so the
causal association was not revealed. Second,
postprandial glucose was not measured. We only
collected dietary information through a food
frequency questionnaire, and specific intakes of
individual foods were not obtained. As a result, data
on how much vitamin D was consumed through food
were unavailable.

In conclusion, serum vitamin D sufficiency is
associated with low FPG levels and T2DM prevalence
in  overweight/obese participants. Moreover,
sufficient vitamin D is a protective factor for IR and
obesity with T2DM in the population with abdominal
obesity, suggesting that appropriate vitamin D
supplementation in general obese patients with
abdominal obesity may delay or prevent obesity and
T2DM occurrence. This study provides a direction for
the prevention of obesity with T2DM.
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