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Background: Visceral obesity is independently associated with hypovitaminosis D. Perirenal fat is a visceral fat type active in
performing endocrine functions. However, the relationship between perirenal fat thickness (PrFT) and serum 25-hydroxy vitamin
D [25(OH)D] is unclear. The aim of this study is to investigate the relationship between serum 25(OH)D and PrFT in patients with
metabolic syndrome (MS) in the community.

Methods: From May to September 2020, 332 MS subjects in Qinfengyuan and Dongfang communities in Taiyuan City, China were
enrolled in an MS survey. All the participants completed the questionnaire survey and physical examination, and their fasting blood
samples were collected for biochemical examination. Abdominal ultrasonography was performed to measure the perirenal fat
thickness.

Results: The mean serum 25(OH)D level for the 332 MS subjects was 13.5 ng/mL, the proportions of vitamin D deficiency [serum 25
(OH)D < 20 ng/mL] and insufficiency [serum 25(OH)D = 20-29.9 ng/mL] were 60.8% (202) and 24.4% (81), respectively. Among the
hypovitaminosis D [serum 25(OH)D < 30 ng/mL] subjects, the prevalence of abdominal obesity (waist circumference > 90cm for men
and > 80cm for women) is 61.1%. Pearson correlation analysis showed that 1g25(OH)D was significantly and negatively associated
with body mass index (BMI), waist circumference (W), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), insulin
resistance index (HOMA-IR), uric acid (UA)) and PrFT (all P<0.05), and positively correlated with high-density lipoprotein
cholesterol (HDL-C) (P<0.05). Multivariate analysis showed that PrFT and HOMA-IR were independently correlated with 25(OH)D.
Conclusion: In screening MS patients, approximately 85% of the community MS patients in Taiyuan had hypovitaminosis D; in
which 3/5 is abdominal obesity. PrFT is an independent risk factor for hypovitaminosis D in MS subjects.
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Introduction

With the significant economic development in the past few decades in China, the lifestyles of Chinese people have
changed extensively. Consequently, the prevalence of metabolic syndrome (MS) is 24.2% in Chinese adults, and MS has
become a severe public health problem." It is considered an independent risk factor for cardiovascular disease.” Studies
have shown that the four MS components may be interconnected through common pathophysiological processes. These
processes mainly include insulin resistance, visceral obesity, atherosclerotic dyslipidemia, and hypertension.’

Vitamin D is a fat-soluble steroid hormone in the human body. Vitamin D helps regulate bone and calcium
metabolism in the body, and it is closely related to insulin resistance, immunity, anti-inflammation, and anti-fibrosis.*
Studies have shown that hypovitaminosis D is associated with MS, obesity, cardiovascular disease, and other chronic
inflammatory diseases.” ® Visceral obesity is independently associated with hypovitaminosis D.”'® The magnetic
resonance imaging (MRI) is the“platinum standard” for measurement of visceral obesity. However, MRI is expensive
and not generally available.!' Perirenal fat is a type of visceral fat surrounding the kidneys, and it is more active than the
typical visceral fat in performing endocrine functions. Recent studies suggest that perirenal fat thickness (PrFT)
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measured by ultrasonography showed excellent consistency compared with MRI and can serve as a simple and reliable
imaging indicator of visceral obesity in the metabolic syndrome; And perirenal fat was significantly associated with the
levels of gamma-glutamyl transferase, fasting plasma glucose, waist circumference, and metabolic syndrome.'*"’
However, the relationship between PrFT and vitamin D status is unclear. Therefore, the aim of this study is to investigate

the relationship between PrFT and serum 25-hydroxy vitamin D [25(OH)D] in MS patients.

Subjects and Methods

Subjects
Participants of the study were 932 residents aged 18-70 in Qinfengyuan and Dongfang Community in Taiyuan City,
China and the epidemiological investigation of metabolic syndrome was conducted from May to September 2020. A total
of 847 residents responsed (response rate 90.9%) and 823 cases had complete data. According to the the National
Cholesterol Education Program Adult Treatment Panel III (NCEP/ATP-III)'* and modified based on the Asia—Pacific
criteria of metabolic syndrome,'” a total of 389 cases of metabolic syndrome were diagnosed; The exclusion criteria were
as follows: (1) taking vitamin D and calcium tablets in the past three months, (2) severe liver and kidney dysfunctions,
cardiovascular and cerebrovascular diseases, hypothyroidism, and hyperthyroidism, (3) pregnancy, and (4) a history of
severe diseases, such as malignant tumors. Finally, 332 MS subjects were included in the analysis (Figure 1).

All subjects signed the written informed consents. The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Ethics Committee of Shanxi Provincial People’s Hospital (2019024).

Methods

All the participants completed the following steps.

(1) Questionnaire survey: Details such as the age, sex, medical history, current medications, and family history were
provided.

(2) General physical examination: The height, weight, waist circumference (W), hip circumference (H) and blood pressure
of each participant were measured, and the body mass index (BMI) was calculated as weight/height squared (kg/mz). A trained
technician obtained the systolic and diastolic blood pressures after each participant rested for 10 minutes.

(3) Biochemical indicators: After fasting for eight hours overnight, blood samples were collected to determine the
fasting plasma glucose (FPG), liver and kidney functions, uric acid, blood lipids (Beckman AUS5800 automatic
biochemical analyzer), glycated hemoglobin (HbAlc, Japan Arkray HA-8160 glycosylated hemoglobin analyzer), fasting
plasma insulin, and 25(OH)D (Roche Cobas E601 automatic chemiluminescence analyzer). The insulin resistance index
(HOMA-IR) was calculated as FPG (mmol/L) x Fins (uU/mL) /22.5.

(4) PrFT: The PrFT was measured blindly by the same ultrasound specialist using the same ultrasound machine
(Hitachi Hi Vision Preirus) according to standard operating procedures. Each patient laid down in the right lateral
position, and the probe was placed perpendicular to the skin on the side of the abdomen. First, the long and wide
diameters of the left kidney were measured to determine the maximum longitudinal section. Then the fat below the lower
pole of the left kidney on the maximum longitudinal section is the perirenal fat of the lower pole of the left kidney
(Figure 2). Minimal pressure was applied to the probe to prevent compression of the fat layer.

(5) Diagnostic criteria: The MS was defined according to the National Cholesterol Education Program Adult
Treatment Panel III (NCEP/ATP-III)'* and modified based on the Asia—Pacific criteria.'"> MS can be diagnosed when
a participant satisfies three or more of the following five criteria: (1) blood pressure > 130/85 mmHg or the use of
antihypertensive medications; (2) serum triglycerides (TG) level > 1.7 mmol/L or ongoing treatment for elevated TG; (3)
serum high-density lipoprotein (HDL-C) < 1.0 mmol/L in men and < 1.3 mmol/L in women, or ongoing treatment for
low HDL-C; (4) Fasting plasma glucose (FPG) > 6.1 mmol/L, or the use of antihyglycemia medications; (5) BMI >
25 kg/m? or a waist circumference > 90 ¢cm for men and 80 ¢cm for women. Vitamin D deficiency was defined as serum 25
(OH)D < 20 ng/mL, vitamin D insufficiency was serum 25(OH)D = 20-29.9 ng/mL, and vitamin D sufficiency was
defined as serum 25(0OH)D > 30 ng/mL.'® Hypovitaminosis D was defined as 25(OH)D < 30 ng/mL.
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932 residents aged 18-70 years enrolled in the
community in Taiyuan, China between May
2020 and September 2020

85 residents dropped out
during the survey

847 residents completed the program

According to the NCEP/
ATP-III MS criteria and
modified based on the
Asia—Pacific criteria

369 patients diagnosed with MS

37 patients were
excluded because of
exclusion criteria”

332 patients included in analysis

Group A Group B
49 patients in non- 283 patients in
hypovitaminosis D group hypovitaminosis D group

! !

Evaluation and analysis

Figure | Flow chart of participants in MS survey.
Notes: *Exclusion criteria: (1) taking vitamin D and calcium tablets in the past three months, (2) severe liver and kidney dysfunctions, cardiovascular and cerebrovascular
diseases, hypothyroidism, and hyperthyroidism, (3) pregnancy, and (4) a history of severe diseases, such as malignant tumors.

Statistical Analysis

SPSS (SPSS Inc., Chicago, IL; Version 17) software was used to analyze the data. The Kolmogorov—Smirnov test was applied to
check the normality of the data. Continuous variables with nomal distribution were expressed as x+ s and compared using the
t-test between groups. Continuous data with skewed distribution were presented as median (interquartile range) and Mann—
Whitney test was used to test the difference between groups. Categorical variables were expressed as rates and compared using
the y* test. Pearson correlation analysis was used for the correlation analysis. A multivariate model was constructed using
multiple stepwise regression analysis based on 25(OH)D (the dependent variable) and univariate significance variables. Data
with skewed distributions were logarithmically transformed before the analysis. Significance was adopted at p < 0.05.

Results

General Characteristics of All Subjects

The average 25(OH)D level of the 332 MS patients was 13.5 ng/mL, and the proportions of vitamin D deficiency and
insufficiency were 60.8% (202) and 24.4% (81), respectively. Among the hypovitaminosis D subjects, the prevalence of
abdominal obesity (waist circumference > 90cm for men and > 80cm for women) is 61.1% (173/283).
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Figure 2 Echocardiographic perirenal fat thickness. The perirenal fat located between the surface of the kidney and the yellow curve. The perirenal fat thickness is marked
by the red line.

Based on hypovitaminosis D, the MS patients were divided into the non-hypovitaminosis D group (Group A) and
hypovitaminosis D group (Group B). The demographic and biochemical parameters of the two groups were shown in
Table 1. Compared to the non-hypovitaminosis D group, the perirenal fat thickness (PrFT), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), waist (W), insulin resistance index (HOMA-IR), and uric acid (UA) in
hypovitaminosis D group (all p < 0.05) significantly increased.

Correlation Analysis of 25(OH)D and Other Variables

Table 2 lists the correlation between 25(OH)D and other variables in the MS participants. The 25(OH)D level was
significantly and negatively correlated with the BMI (r = —0.23, p < 0.001), W (r =—0.37, p < 0.001), TC (r=-0.22,p =
0.01), LDL-C (r =—-0.19, p=0.02), PrFT (r =—-0.29, p<0.001), HOMA-IR (r=—0.31, p <0.001), and UA (r=-0.14,p =
0.01). However, the 25(OH)D level significantly and positively correlated with HDL-C (r = 0.12, p = 0.04).

Multivariate Analysis

25(OH)D was selected as the dependent variable, and BMI, W, TC, LDL-C, HOMA-IR, PrFT, and UA were adopted as
univariate significance variables. Multiple linear regression showed that the PrFT and HOMA-IR were independently and
negatively correlated with 25(OH)D after adjusting other confounding variables, such as age, sex, TC, LDL-C, UA, BMI,
and W (Table 3).

Discussion

Vitamin D deficiency or insufficiency is a global problem, particularly in China, because of several factors, such as
China’s vast territory, significant climatic differences, and various lifestyles.'” According to a recent study of Yu, the
prevalence of vitamin D deficiency and vitamin D insufficiency in China was 50.9% and 38.7%, respectively.'® In this
study, the proportion of vitamin D deficiency and insufficiency were 60.8% and 24.4%, in which 3/5 is abdominal
obesity. So MS patients are more likely to be vitamin D deficient. As sunshine is still the most important source of
vitamin D, Taiyuan is located in the northern part of Shanxi Province in China. Its weather is cold throughout the year,
and the outdoor ultraviolet exposure time is relatively short. In addition, patients with MS are more likely to be
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Table |1 General Characteristics of All Participants
Group Age BMI w H SBP DBP FPG
(year) (Kg/m?) (cm) (cm) (mmHg) (mmHg) (mmol/L)
All (n=332) 48.8+8.3 25.14£5.7 89.9+8.6 100.7£10.1 13818 8817 5.5%1.6
A (n=49) 48.217.4 25.4+4.3 98.919.1 102.1£9.3 14116 8916 5.9%1.3
B (n=283) 49.5+8.8 24.9+6.7 92.317.2 100.4+11.8 136219 8719 5.3%1.5
t 0.66 0.52 4.78 0.71 0.23 0.12 0.36
P >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05
Hba | TC TG LDL-C HDL-C UA Scr
(%) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (umol/L) (umoli/L)

All (n=332) 5.61.3 5.5%1.3 1.8+0.4 3.4£0.5 1.0+0.2 367186 85.319.1
A (n=49) 5.7+0.9 5.9+1.2 1.9+0.3 3.9£0.4 0.9+0.2 395+76 84.718.7
B (n=283) 54%1.6 5.3%1.4 1.7£0.5 3.240.7 1.0£0.3 363189 85.9+9.3
t 0.77 1.34 0.65 1.88 -0.91 8.72 0.61
P >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05

HOMA-IR 25(OH)D PrFT Anti- Anti- Lipid-

(ng/mL) (cm) Hperglycemia Hypertension Lowering
Medication Medication Medication
n(%) n(%) n(%)

All (n=332) 1.8(1.4,4.3) 13.5(9.7,27.9) 1.5+0.4 121(36.4) 129(38.8) 95(28.6)
A (n=49) 2.4(1.6,5.3) 33.2(30.5,38.7) 1.9+0.4 19(38.8) 18(36.7) 15(30.6)
B (n=283) 1.5(1.1,3.9) 11.2(9.1,28.5) 1.4+0.6 102(36.0) 111(39.2) 80(28.3)
tzly? 245 -7.13* 422 1.63° 1.55° 1.38°
P <0.05 <0.05 <0.05 >0.05 >0.05 >0.05

Note: °z value; %2 value.

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure; F, female; FPG, fasting plasma glucose; HOMA-IR, insulin resistance index;
Hb A glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL -C, low-density lipoprotein cholesterol; M, male; MS, metabolic syndrome; PrFT, perirenal fat
thickness; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; Scr, serum creatinine; W, waist circumference; 25(OH)D, 25-hydroxyvitamin D.

Table 2 Correlation Analysis of 25(OH)D and Other Variables

Variable r P Variable r P
Age 0.03 0.21 TG (mmol/L) 0.08 0.12
Gender(male) 0.05 0.32 HbAlc 0.03 0.19
BMI (Kg/m 2) -0.23 <0.001 UA(mmol/L) -0.14 0.0l
W (cm) -0.37 <0.001 SBP(mmHg) 0.07 0.11
FPG (mmol/L) 0.04 0.27 DBP(mmHg) 0.06 0.49
TC (mmol/L) -0.22 0.01 HOMA-IR -0.31 <0.001
LDL-C (mmol/L) -0.19 0.02 PrFT(cm) -0.29 <0.001
HDL-C (mmol/L) 0.12 0.04

Abbreviations: BMI, body mass index; DBP, systolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-
density lipoprotein cholesterol; Hby., glycated hemoglobin; HOMA-IR, insulin resistance index; LDL-C, low-
density lipoprotein cholesterol; PrFT, perirenal fat thickness; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglycerides; UA, uric acid; W, waist circumference.

overweight and obese than patients without MS. Abdominal obesity is independently associated with low 25(OH)D
levels;™'® This behavior may be related to the dissolution of a large amount of vitamin D in the adipose tissue.'® Further,
sequestration into adipose tissue, limited sunlight exposure, and decreased vitamin D synthesis in the adipose tissue and
liver also contribute to low vitamin D in obesity.'® At the same time, studies indicate that weight loss has little effect on
improving serum vitamin D; vitamin D supplementation is also not associated with weight loss. More research is needed
to explore the relationship between vitamin D and adiposity.*
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Table 3 Multiple Stepwise Regression Between 25(OH)D and Related Variables

Variable Partial Standardized Standard t P
Regression Partial Error

Coefficient (B) Regression

Coefficient ()

constant 1.463 3.629 0.039 16.465 | 0.000
PrFT —0.013 —0.135 0.001 —4.367 | 0.004
HOMA-IR —0.236 —0.294 0.024 —5.196 | 0.001

Abbreviations: HOMA-IR, Insulin resistance index; MS, Metabolic syndrome; PrFT, Perirenal fat thickness.

Regarding visceral fat assessment, techniques such as ultrasound, computed tomography (CT), and magnetic
resonance imaging (MRI) can precisely quantify body fat and differentiate subcutaneous fat and visceral fat. The
MRI is the “platinum standard” for diagnosing abdominal obesity,'' but it is time-consuming and expensive. CT can
precisely distinguish the adipose tissue from other surrounding tissues, but it releases ionizing radiation and is radio-
active to the body; thus, CT is unsuitable for large-scale applications. Generally, ultrasonography is simple, rapid,
effective, low-cost, has no side effects, and is reproducible; hence, it is preferred for measuring perirenal fat. Kawasaki
et al*! measured PrFT using ultrasonography and observed a good correlation with CT-assessed fat thickness, indicating
that the ultrasound is as effective as CT for measuring PrFT. In this study, the PrFT of the lower pole of the left kidney
was selected as an index to evaluate the perirenal fat content. Anatomically, the upper part of the right kidney is adjacent
to the liver, the lower pole of the right kidney is easily disturbed by intestinal gas in the abdominal cavity, and the
perirenal fat is not displayed completely. Therefore, it is preferable and convenient to measure the PrFT at the lower pole
of the left kidney.

The fat accumulation characteristics of the Chinese population are low BMIs, and fat distribution tends to accumulate
in the abdomen, which manifests as intra-abdominal obesity.>? Several studies have suggested that intra-abdominal fat
accumulation is an independent risk factor for Type-2 diabetes, hypertension, and coronary heart disease.’** Perirenal fat
is a visceral fat type that anatomically has a complete system of blood supply, lymphatic drainage, and innervation
system.” Histologically, perirenal fat is mainly composed of dormant brown adipose tissues®* and more active than the
typical visceral fat in the energy metabolism and secretion of adipokines.®” Perirenal fat exhibits a high activity of
synthesizing adipokines, which are released into the systemic circulation as vasoactive substances or cardiovascular
regulators.”® In this study, PrFT was independently associated with 25(OH)D deficiency, further clarifying the relation-
ship between visceral obesity and the 25(OH)D level.

This study has shown that insulin resistance is an independent risk factor for vitamin D deficiency, consistent with previous
studies.””*® Possible reasons are as follows: (1) Low serum vitamin D can increase the parathyroid hormone feedback, and
elevated parathyroid hormone can affect insulin sensitivity by regulating the free calcium-ion concentration in insulin target
organs. (2) Insufficient vitamin D weakens insulin sensitivity by decreasing the expression of insulin receptors.

Limitations existed in this study. This study was cross-sectional, as it could not prove the cause and effect of the
relationship between serum vitamin D and perirenal fat. In addition, the sample size of this study was relatively small.
Hence, it is necessary to expand the sample size and conduct further prospective studies to investigate the specific

mechanism.

Conclusions
In screening MS patients, approximately 85% of patients with MS in Taiyuan had vitamin D deficiency and insufficiency, in

which 3/5 is abdominal obesity. PrFT is an independent risk factor for vitamin D deficiency and insufficiency in MS patients.

Data Sharing Statement

Data used during the study are available from the corresponding author by request.
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