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Purpose: To investigate the correlation between metabolic syndrome components and chronic kidney disease (CKD) among
a community population aged 40 years and older in Southern China.
Patients and Methods: From December 2017 to March 2018, 1969 participants (male n = 715, female n = 1254) aged 40 years and
older were recruited in Southern China for a cross-sectional survey. A logistic regression model was established to analyze the
correlation between metabolic syndrome components and CKD.
Results: Among the 1969 subjects, 407 (20.7%) were CKD patients, including 152 males (prevalence rate 21.3%) and 255 females
(prevalence rate 20.3%). Anthropometric data (waist circumference, age, systolic and diastolic blood pressure), serum/plasma data (serum
creatinine, serum uric acid, fasting plasma glucose, C-reactive protein, serum triglyceride), urinary and other findings (body mass index,
waist-to-hip and waist-to-height ratios, urinary albumin to creatinine ratio, homeostasis model assessment of insulin resistance) were
significantly higher in patients with than without CKD (P < 0.05). Metabolic syndrome and at least some of its components were statistically
significant risk factors for CKD in models with and without adjustment for diabetes, obesity and hypertension.
Conclusion: Metabolic syndrome and its single or combined components are independently associated with CKD in community
populations aged 40 years and older. The correlation between some components and CKD remained significant in both non-diabetic
and non-obese subjects. Correlations between components of metabolic syndrome and CKD show that it is feasible and necessary to
carry out targeted screening and intervention tests in people aged 40 and over.
Keywords: metabolic syndrome, chronic kidney disease, risk factors, epidemiological cross-sectional study

Introduction
Chronic kidney disease (CKD) is a public health problem globally.1–5 Metabolic syndrome (MS) is a pathological state in
which many risk factors for CKD including obesity, hyperglycemia, hypertension and dyslipidemia (high triglyceride and low
HDL-C) co-occur within individuals.6 Studies have shown that MS is a risk factor for a variety of chronic non-communicable
diseases including type 2 diabetes mellitus, coronary heart disease, stroke and CKD.7–10 In the past decade, studies on the
relationship between MS and CKD have emerged.10–13 The incidence rate of MS is increasing, and in recent years the
prevalence of CKD has shown a steady annual increase, presenting a serious threat to life and health, bringing economic
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burden to society and families, and reducing the quality of life of those affected.1,14 The middle-aged and the elderly are
vulnerable to chronic non-communicable diseases, so clinicians need to be alert to MS and CKD in these age groups.
Understanding the relationship between MS and CKD and effective intervention measures to control them will help to
alleviate the burden imposed by chronic diseases on China’s limited medical resources.

Subjects and Methods
Participants
This study was conducted between December 2017 and March 2018. A total of 2303 volunteers residing in six
communities of Wanzhai Town, Zhuhai City, Southern China were initially screened. For the cross-sectional analysis,
participants aged 40 years and older were screened. Those with missing laboratory data were excluded. A total of 1969
participants were included in the final analysis (Figure 1). All subjects provided written informed consent. The study was
approved by the Ethics Committee of the Third Affiliated Hospital of Southern Medical University, Guangzhou and was
performed in accordance with the principles stated in the Declaration of Helsinki.

Clinical and Laboratory Indicators
Anthropometric Indices and Socio-Demographic Characteristics
The residents were interviewed, and responses were recorded by medical investigators. Data collected included gender,
age, medical history, and current medication. Subjects who completed the interview also underwent physical examination
and blood collection. Height, body mass, waist circumference (WC), hip circumference, and blood pressure were
measured. Body mass index (BMI) was calculated as body mass (kg)/height (m) 2, waist-to-hip ratio (WHpR) was
defined as WC (cm)/hip circumference (cm), and waist-to-height-ratio (WHtR) was defined as WC (cm)/height (cm).
Blood pressure (mmHg) was measured by a trained nurse.

Laboratory Examination
After fasting for 12 hours, blood samples were collected from the anterior elbow vein and morning urine was collected. All
samples were analyzed in the laboratory of the Third Affiliated Hospital of Southern Medical University. Fasting plasma

Figure 1 Study participants were grouped according to sex.
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glucose was determined using standard enzymatic methods (Hitachi 7170, Hitachi, Tokyo, Japan). Insulin was measured by
electrochemiluminescence (Roche cobas e601, Roche Diagnostics, Mannheim, Germany). Serum uric acid (UA) levels were
measured using colorimetry (Roche cobas 6000, Roche Diagnostics, Mannheim, Germany). Immunoturbidimetry was used
to measure C-reactive protein (CRP) (Roche cobas 6000, Orion), and an enzymatic method was used to measure serum
creatinine (SCR) (Roche cobas 6000, Roche Diagnostics, Mannheim, Germany). Serum total cholesterol (TC), serum
triacylglycerols (TG) and serum high-density lipoprotein cholesterol (HDL-C) were measured using colorimetry (Roche
Cobas 6000, Roche Diagnostics, Mannheim, Germany). Serum low-density lipoprotein cholesterol (LDL-C) was estimated
using the Friedewald formula. Urinary albumin-to-creatinine ratio (ACR) values were calculated by measuring albumin
(Audit Diagnostics, Cork, Ireland; immunoturbidimetric tests) and creatinine (Audit Diagnostics, Cork, Ireland; Jaffe’s
kinetic method) concentrations in urine samples. Homeostatic model assessment of insulin resistance (HOMA-IR) is equal to
fasting plasma glucose (mmol/L) multiplied by insulin (mu/L) divided by 22.5.

Definition
CKD was defined as estimated glomerular filtration rate (eGFR) <60 mL/(min x 1.73 m2) or ACR ≥30 mg/g.15 eGFR was
calculated using the CKD-EPI equation in the Kidney Disease: Improving Global Outcomes guidelines.16,17

Hypertensive disease was defined as SBP ≥140 mmHg or DBP ≥90 mmHg, previously diagnosed with hypertension,
or receiving treatment for hypertension. Diabetes was defined as fasting glucose ≥7.0 mmol/L, diagnosed with diabetes,
or currently receiving treatment for diabetes. The diagnostic criteria for obesity were BMI ≥28 kg/m2.18 MS was defined
according to the 2009 International Diabetes Federation Task Force statement on epidemiology and prevention.6 The
criteria for MS were met if any three of the following were true: a. abdominal obesity (AO), male waist circumference
≥85 cm, or female waist circumference ≥80 cm; b. high serum triglyceride (HTG), triacylglycerols ≥ 1.70 mmol/L;
c. LHDL-C, low HDL-C at <1.0 mmol/L (males) or HDL-C <1.3 mmol/L (females); d. high blood pressure (HBP), with
systolic blood pressure (SBP) ≥130 mmHg, or diastolic blood pressure (DBP) ≥85 mm Hg, or history of hypertension;
e. high fasting plasma glucose (HFPG) >5.6 mmol/L or history of diabetes.

Statistical Analyses
All statistical analyses were performed using IBM SPSS version 20 software. Normally distributed data are expressed
here as mean ± standard deviation (x ± s), and non-normally distributed data by median and quartiles. The mean
differences were compared between the two groups using a t-test or rank sum test. Categorical data are expressed here in
absolute numbers and percentages. Categorical data including gender groups were compared using the chi square test.
P values <0.05 were considered statistically significant. To investigate the effect of MS and its components on CKD, the
latter was considered a dependent variable, while MS and components were independent variables, and univariate logistic
regression analysis was carried out. A multiple logistic regression model was used to assess the association between
CKD and MS components, and the odds ratio (OR) and 95% CI were determined. Three multivariate logistic regression
models were generated: model one was unadjusted, model two was adjusted for age and sex, and model three was
adjusted for age, sex, and history of medication for HBP or blood glucose control. A two-sided t-test with a significance
level of α=0.05 (P<0.05) was used.

Results
High Detection Rates of CKD and MS and Its Components
The 1969 subjects ranged in age from 40 to 93 years (58.96 ± 10.61 years). Four hundred and seven (20.7%) were CKD
patients, including 152 male and 255 female. The levels of BMI, WC, WHpR, WHtR, age, SBP, DBP, SCR, UA, ACR,
FPG, CRP, TG and HOMA in the CKD population were significantly higher than those in the non-CKD population
(P<0.05; see Table 1). Conversely, the levels of eGFR and HDL-C in the non-CKD population were significantly higher
than those in the CKD population. The prevalence of hypertensive disease was 54.6%, but only 31.3% of these patients
were receiving antihypertensive treatment. There were significant differences in the classification of hypertension and the
distribution of antihypertensive treatment between the non-CKD group and CKD group (P<0.01). The prevalence rates of
diabetes, MS and MS components are shown in Table 1.
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Effects of MS and Its Components on CKD
MS and MS components were significantly correlated with the occurrence of CKD and were risk factors for CKD
(Table 2).

Unadjusted analysis showed that CKD was associated with HBP, AO, HFPG, and LHDL-C, but not HTG. After
adjusting for age and gender, HBP and HFPG were independent risk factors for CKD. After further adjustment for age,
sex, hypoglycemic and antihypertensive medication, HBP (P<0.01) and HFPG (P=0.01) remained independent risk
factors for CKD (Table 3).

Table 1 Baseline Characteristics of Subjects in Non-CKD and CKD Groups

Characteristics Total Non-CKD CKD P
N=1969 N=1562 N=407

Male (n) 715(36.3%) 563 (36.0%) 152 (37.3%) 0.626

BMI (kg/m2) 24.4±3.3 24.1± 3.2 25.3± 3. 7 <0.001

WAIST (cm) 85.4±9.6 84.6± 9.4 88.5± 9.7 <0.001
WHpR 0.89±0.06 0.88± 0.06 0.91± 0.06 <0.001

WHtR 0.54±0.06 0.53± 0.06 0.57± 0.06 <0.001

Age (years) 59.0±10.6 57.1± 9. 8 66.0± 10.7 <0.001
SBP (mmHg) 136.5±19.5 133.8± 18.7 147.0± 19.1 <0.001

DBP (mmHg) 83.3±10.7 82.6± 10.5 86.0± 10.8 <0.001

Hypertension classification (%)
Normal 52.8% 58.5% 31.0%

1 32.0% 29.3% 42.3% <0.001

2 12.3% 10.4% 19.7% <0.001
3 2.8% 1.7% 7.1% <0.001

SCR (umol/L) 78.3±24.3 74.7± 14.5 92.1± 42.7 <0.001

UA (umol/L) 350.9±89.2 342.0± 84.0 385.1± 99.6 <0.001
eGFR (mL/min/1.73 m2) 82.0±15.8 85.5± 12.4 68.8± 19.9 <0.001

ACR (mg/g) 11.2 (7.1–0.4) 9.6 (6.5–14.7) 44.7 (30.5–87.3) <0.001

Glu (mmol/L) 5.4±1.4 5.3± 1.1 5.9± 2.0 <0.001
CRP (mg/L) 1.46 (0.67–2.64) 1.35 (0.60–2.43) 1.89 (1.06–3.53) <0.001

TG (mmol/L) 1.35 (0.99–1.95) 1.30 (0.96–1.86) 1.59 (1.15–2.34) <0.001

LDL-C (mmol/l) 3.28±0.95 3.26± 0.94 3.36± 0.98 0.335
HDL-C (mmol/l) 1.50±0.35 1.52±0.35 1.44± 0.36 <0.001

HOMA (mmol/L. mU/L) 2.13 (1.46–3.32) 2.01 (1.40–3.03) 2.72 (1.73–4.15) <0.001

Hypertension disease (%) 54.6% 47.8% 81.1% <0.01
Diabetes (%) 12.8% 9.5% 25.6% <0.001

Metabolic syndrome (%) 38.5% 32.5% 61.7% <0.001
HBP (%) 68.3% 62.4% 90.9% <0.001

Elevated systolic blood pressure (%) 61.0% 55.5% 82.3% <0.001

Elevated diastolic blood pressure (%) 44.8% 42.1% 55.3% <0.001
AO (%) 65.5% 62.0% 78.6% <0.01

HTG (%) 34.0% 31.0% 45.2% <0.01

HFBP (%) 26.1% 22.2% 41.0% <0.01
LHDL-C (%) 15.7% 14.0% 22.1% <0.01

Drugs to control blood pressure (%) 31.3% 25.3% 54.5% <0.01

Drugs to control blood glucose (%) 11.0% 9.2% 18.2% <0.01

Abbreviations: CKD, chronic kidney disease; BMI, body mass index; WHpR, waist-to-hip ratio; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure; SCR, serum creatinine; UA, serum uric acid; eGFR, estimated glomerular filtration rate; ACR, urinary albumin to creatinine ratio; Glu, blood glucose; CRP,
C-reactive protein; TG, serum triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA, homeostatic model assess-
ment; AO, abdominal obesity; HTG, high triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density lipoprotein cholesterol.
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Correlation Between MS Components and CKD in Diabetic/Non-Diabetic
Participants
HBP was found to be an independent risk factor for CKD in the group with diabetes after adjusting for gender and age
(P=0.031). In the uncorrected model in subjects without diabetes, HBP and AO were independent risk factors for CKD
(P<0.01 and P=0.05 respectively). After adjusting for sex, age, and medication history, HBP remained an independent
risk factor for CKD (P<0.01; Table 4).

Correlation Between MS Components and CKD in Participants with/without
Hypertensive Disease
HFPG was an independent risk factor for CKD in the model for patients with hypertension when adjusted for gender, age,
and medication history (P=0.02) and in the unadjusted model for patients without hypertension, HFPG (P=0.03), but this
relationship was lost after adjustment for gender and age (P=0.42; Table 5).

Correlation Between MS Components and CKD in Obese/Non-Obese Population
HBP was an independent risk factor for CKD in the unadjusted model of subjects with obesity and in the model adjusted
for gender and age (P<0.01 and P=0.03 respectively). In the unadjusted model in subjects without obesity, HBP, HFPG
and LHDL-C were independent risk factors for CKD (P<0.01, P<0.01 and P=0.05 respectively). HBP and HFPG
remained independent risk factors after adjustment for gender, age, and medication history (P<0.01 and P=0.02
respectively; Table 6).

Table 2 CKD Risk Factor Correlation Analysis with MS Components

OR 95% CI P

MS 3.34 2.66–4.19 <0.01
MS components AO 2.25 1.74–2.91 <0.01

HBP 6.02 4.23–8.57 <0.01

HTG 1.83 1.47–2.29 <0.01
HFPG 2.44 1.93–3.07 <0.01

LHDL-C 1.74 1.32–2.29 <0.01

Abbreviations: CKD, chronic kidney disease; MS, metabolic syndrome; OR, odds ratio; HBP, high blood pressure; AO,
abdominal obesity; HTG, high triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density lipoprotein
cholesterol.

Table 3 Odds Ratios of Metabolic Syndrome Components for the Prevalence of CKD

Risk Factors Model 1 Model 2 Model 3

OR (95%) CI P OR (95%) CI P OR (95%) CI P

HBP 4.88 (3.40–7.01) <0.01 3.07 (2.10–4.47) <0.01 2.58 (1.75–3.82) <0.01

AO 1.37(1.04–1.81) 0.03 1.29 (0.96–1.72) 0.09 1.25 (0.93–1.68) 0.13
HTG 1.26(0.98–1.61) 0.07 1.30 (1.00–1.69) 0.05 1.30 (1.00–1.69) 0.05

HFPG 1.76 (1.38–2.24) <0.01 1.54 (1.19–1.98) <0.01 1.47 (1.10–1.95) 0.01

LHDL-C 1.42 (1.05–1.93) 0.02 1.35 (0.98–1.87) 0.07 1.33 (0.96–1.85) 0.09

Notes: Model 1 unadjusted. Model 2 adjusted for age, sex. Model 3 adjusted for age, sex, and history of taking blood pressure control drugs and blood glucose control
drugs.
Abbreviations: CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval; HBP, blood pressure; AO, abdominal obesity; HTG, high triacylglycerols; HFPG, high
fasting plasma glucose; LHDL-C, low high-density lipoprotein cholesterol.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S353305

DovePress
843

Dovepress Xiao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 4 Odds Ratios for the Prevalence of CKD in Patients with or without Diabetes

Model 1 Model 2 Model 3

OR (95%) CI P OR (95%) CI P OR (95%) CI P

Diabetes (+)

HBP 3.69 (1.45–9.42) 0.01 2.85 (1.09–7.47) 0.03 2.42 (0.89–6.56) 0.08
AO 1.39 (0.66–2.91) 0.38 1.64 (0.76–3.55) 0.21 1.68 (0.78–3.65) 0.19

HTG 1.34 (0.78–2.28) 0.29 1.24 (0.71–2.16) 0.46 1.23 (0.70–2.15) 0.48

LHDL-C 1.52 (0.81–2.85) 0.19 1.56 (0.80–3.03) 0.19 1.48 (0.75–2.90) 0.25
Diabetes (-)

HBP 5.16 (3.48–7.65) <0.01 3.15 (2.08–4.76) <0.01 2.56 (1.67–3.92) <0.01

AO 1.36 (1.01–1.84) 0.05 1.23 (0.89–1.68) 0.21 1.17 (0.85–1.61) 0.34
HTG 1.26 (0.95–1.66) 0.11 1.34 (0.99–1.80) 0.06 1.34 (0.99–1.81) 0.05

LHDL-C 1.41 (0.99–2.01) 0.05 1.33 (0.91–1.93) 0.14 1.31 (0.90–1.91) 0.16

Notes: Model 1 unadjusted. Model 2 adjusted for age, sex. Model 3 adjusted for age, sex, and history of medication for blood pressure or glucose control.
Abbreviations: CKD, chronic kidney disease; CI, confidence interval; HBP, high blood pressure; AO, abdominal obesity; HTG, high triacylglycerols; LHDL-C, low high-
density lipoprotein cholesterol.

Table 5 Odds Ratios for the Prevalence of Chronic Kidney Disease (CKD) in Patients with or without Hypertension

Model 1 Model 2 Model 3

OR (95%) CI P OR (95%) CI P OR (95%) CI P

Hypertensive disease (+)

AO 1.39 (0.99–1.96) 0.06 1.36 (0.95–1.94) 0.09 1.35 (0.94–1.93) 0.10
HFPG 1.66 (1.27–2.18) <0.01 1.54 (1.16–2.04) <0.01 1.47 (1.07–2.01) 0.02

HTG 1.26 (0.95–1.67) 0.10 1.30 (0.97–1.74) 0.08 1.32 (0.98–1.77) 0.07

LHDL-C 1.33 (0.94–1.90) 0.11 1.28 (0.88–1.86) 0.19 1.25 (0.86–1.82) 0.25
Hypertensive disease (-)

AO 1.16 (0.70–1.92) 0.56 1.06 (0.62–1.80) 0.84 1.06 (0.62–1.81) 0.83

HFPG 1.86 (1.06–3.27) 0.03 1.28 (0.70–2.33) 0.42 1.35 (0.68–2.67) 0.39
HTG 1.26 (0.72–2.19) 0.42 1.33 (0.74–2.40) 0.35 1.31 (0.72–2.37) 0.37

LHDL-C 1.61 (0.88–2.97) 0.12 1.51 (0.79–2.91) 0.22 1.53 (0.79–2.94) 0.21

Notes: Model 1 unadjusted. Model 2 adjusted for age, sex. Model 3 adjusted for age, sex, and history of taking blood pressure control drugs and blood glucose control drugs.
Abbreviations: CI, confidence interval; AO, abdominal obesity; HTG, high triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density lipoprotein
cholesterol.

Table 6 Odds Ratios for the Prevalence of Chronic Kidney Disease (CKD) in Patients with or without Obesity

Model 1 Model 2 Model 3

OR (95%) CI P OR (95%) CI P OR (95%) CI P

Obesity (+)

HBP 20.43 (2.74–152.33) <0.01 9.50 (1.23–73.14) 0.03 7.49 (0.96–58.69) 0.06
HFPG 1.60 (0.94–2.74) 0.08 1.48 (0.84–2.61) 0.18 1.43 (0.75–2.74) 0.28

HTG 1.53 (0.89–2.63) 0.13 1.45 (0.81–2.58) 0.21 1.41 (0.79–2.53) 0.25

LHDL-C 1.37 (0.74–2.53) 0.32 1.28 (0.65–2.49) 0.47 1.25 (0.63–2.47) 0.52
Obesity (-)

HBP 4.59 (3.17–6.65) <0.01 2.87 (1.95–4.23) <0.01 2.46 (1.65–3.67) <0.01

HFPG 1.83 (1.39–2.40) <0.01 1.54 (1.16–2.05) <0.01 1.47 (1.07–2.03) 0.02
HTG 1.25 (0.94–1.64) 0.12 1.30 (0.97–1.74) 0.08 1.30 (0.97–1.74) 0.08

LHDL-C 1.43 (1.00–2.04) 0.05 1.34 (0.92–1.95) 0.12 1.33 (0.91–1.94) 0.13

Notes: Model 1 unadjusted. Model 2 adjusted for age, sex. Model 3 adjusted for age, sex, and history of taking blood pressure control drugs and blood glucose control
drugs.
Abbreviations: CI, confidence interval; HBP, blood pressure; HTG, high triacylglycerols; HFPG, high fasting plasma glucose; LHDL-C, low high-density lipoprotein
cholesterol.
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Discussion
In this study including Chinese individuals aged 40 and over we found that MS was associated with CKD. Components
of MS, including HTG, HFPG and HBP, AO, and LHDL-C, were found to be associated with CKD, consistent with
previous findings.12,19–21 Non-communicable diseases such as obesity,18,22,23 hypertensive disease24–26 diabetes27,28 and
hyperuricemia26 are also risk factors for CKD. It is unclear whether insulin resistance is an independent predictor of
CKD mortality and cardiovascular complications.29 Our study shows that the level of HOMA-IR in people with CKD is
significantly higher than that in the non-CKD population. To date, many studies have evaluated the relationship between
MS and CKD. Our survey shows that MS is common, with high occurrence of HBP, AO and HTG (Table 1) and that MS
was a risk factor for CKD. A strong unadjusted and adjusted association was observed between MS and its components
and CKD.

A previous cross-sectional study of 2310 subjects over 40 years old in China showed that MS was independently
related to CKD.19 In that study, prevalence of CKD was significantly higher in subjects with than without MS, and
increased with the number of MS components. MS was also associated with CKD in subjects without hypertension or
diabetes. These findings are consistent with those of the present study, but prevalence of CKD differed between the two
studies, being significantly higher in the present research. One explanation for this difference may be that our definition
of CKD included ACR, which increased the detection rate of CKD. The proportion of subjects classified as suffering
from CKD, with increased ACR but normal eGFR, was 12.2%. Chen et al20 extracted data from The Third National
Health and Nutrition Examination Survey (NHANES III), which contains more than 6000 items of clinical information
from the general population in the United States. They found that MS may be an important risk factor for CKD.
However, the study included relatively young participants (aged 20 and over) while the present study is more meaningful
for formulation of prevention and treatment measures for chronic non-communicable diseases among the middle-aged
and elderly in Southern China. In a cross-sectional study of 788 patients diagnosed with hypertension or diabetes in
Brazil,12 MS was defined using NCEP-ATPIII standards. The results showed that MS and its single or combined
components were independently associated with CKD and were highly consistent with the present results. We extend
these findings with a multivariate logistic regression analysis of MS components and CKD after population classification
(including diabetes, non-diabetic, hypertensive, non-hypertensive, obese and non-obese populations). Our data allow the
following conclusions to be drawn. In the fully corrected models (Table 4), none of the MS components showed an
independent association with CKD in patients with diabetes, while in those without diabetes, HBP was a single
independent contributor. Similar results were obtained if analyses were performed in groups according to the presence
of obesity: HFPG was the sole component of MS significantly affecting the odds of CKD in lean individuals only
(Table 6). Similarly, in patients with hypertension (Table 5), only those with HFPG had increased odds of CKD, and
neither component showed a significant impact in normotensive subjects.

In exploring the relationship between the components of MS and the prevalence of CKD, we found that in addition to
hypertension and diabetes (which have long been known as major risk factors for CKD progression), HTG is associated
with CKD. The mechanism by which lipid metabolism disorder affects renal function is not fully understood but includes
oxidative stress, chronic inflammation, hemodynamic changes, atherosclerosis, and endothelial dysfunction.30 Studies
have reported that high plasma triglyceride level is an independent risk factor for the occurrence and development of
human glomerular disease. Although the data suggest that oxidative stress and insulin resistance mediate lipid kidney
injury, its pathophysiological mechanism has not been fully understood.30–32 In addition to the increase in TG, various
types of dyslipidemia are also related to CKD.31,33 Further studies are needed to explain the mechanism of the effect of
elevated TG on renal function.

In this study, the rate of antihypertensive medication in participants with hypertension (31.3%) was significantly
lower than the prevalence of hypertension (54.6%). This discrepancy was related to the following factors. First, 32.7% of
participants were known to have hypertension, but 1.4% of these did not take blood pressure regulating drugs due to
difficulties following medical advice or ability to temporarily control blood pressure by lifestyle changes without
medication. Second, 21.9% of the participants did not know they were suffering from hypertension, were informed of
their hypertension for the first time while participating in this study, and were not treated during the study period.
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In the unadjusted model of non-diabetic subjects, the waist circumference was correlated with CKD (OR=1.36), but
the correlation was not significant after adjustment for gender and age (Table 4). These results indicate that an association
between AO and CKD in populations without diabetes is highly dependent on gender and age. A correlation was found
between HDL-C and CKD in the unadjusted model of non-obese subjects (OR = 1.43) but after adjusting for gender and
age, this correlation was not significant (P > 0.05). An association between HDL-C and CKD in non-obese people was
also dependent on gender and age (Table 6). From an epidemiological point of view, this study provides evidence for
associations between MS components and CKD in middle and old-aged populations without diabetes/obesity in Asia.
Further research will enrich the data on correlations between AO and CKD in subjects without diabetes, or LHDL-C in
non-obese populations, and may provide guidance for the prevention and treatment of chronic diseases including
government policy.

This study has several limitations. First, it is a cross-sectional study with a relatively small sample which was not
randomly selected, so selection bias may have occurred. For example, in this study, the average age was high (59.0 ± 10.6
years) and only 36% of the subjects were men. Second, creatinine is the product of muscle metabolism. Creatinine-based
eGFR may not allow accurate assessment of renal function in middle-aged and elderly people. Third, medical staff
completed the questionnaires which may have led to inaccurate reporting of the participants” medication and other
history.

In 2017, the total medical expenditure on CKD and end stage renal disease (ESRD) in the United States exceeded
120 billion US dollars, and the total expenditure on patients with this disease was 35.9 billion US dollars, accounting for
7.2% of the national medical and health budget. The incidence rate of ESRD continues to rise, reached 746,557 cases in
2017 and it has become a burden for society and families.14,34 According to the 2016 data report of the China kidney
disease network, the total medical expenditure of all CKD patients included in the 2016 analysis was almost 4 billion US
dollars, there were close to one million patients with CKD among the population over 18 years old in China, many with
ESRD, and these numbers show large regional variations so the renal treatment burden may be underestimated.1 To
control the increased use of renal replacement therapy, it is important to understand the relationship between metabolic
diseases and CKD. Effective interventions to control MS and CKD will help to alleviate the burden of chronic diseases
related to limited medical resources. Early identification of individuals with obesity, diabetes, and hypertension (risk
factors for many diseases including MS and CKD) and the provision of education about their condition will help prevent
progression to cardiovascular disease or ESRD.

Conclusion
In the fully adjusted models, patients with diabetes/obesity who manifest MS components do not have elevated odds for
CKD. Similar results were obtained in normotensive subjects. MS is common in the middle-aged and elderly, is
a modifiable risk factor and is easy to monitor. Therefore, identification of strategies to reduce its prevalence and
severity through intervention is the goal of CKD prevention and treatment, and needs further research. A prospective
study with longer follow-up is warranted.
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