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Abstract
Background: Taiwan has the highest incidence and prevalence of End-

Stage Renal Disease (ESRD) worldwide. By contrast, Chronic Kidney Disease 
(CKD) is a condition that occurs earlier than ESRD and has a higher prevalence 
rate. CKD and metabolic syndrome (MetS) increase the cardiovascular disease 
mortality rate, thereby increasing health care expenditures and burdens and 
resulting in considerable mental and financial hardships for individuals, families, 
and society; therefore, efforts to prevent CKD have been made worldwide.

Aim: This study aimed to identify the components of MetS that are 
associated with CKD in Southern Taiwan.

Methods: A cross-sectional study design was used, in which 19 142 adults 
from Pingtung County participated in a health examination during 2006–2011. 
The basic information questionnaires and physical and blood examination 
results of all participants were obtained. CKD was defined as an estimated 
glomerular filtration rate (eGFR) of < 60mL/min/1.73m2. The chi-squared test 
and logistic regression were applied.

Results: The prevalence of CKD (eGFR < 60) was 12.8%. Sex, age, 
smoking, alcohol consumption, and betel nut chewing reached statistical 
significance for CKD prevalence. Patients with abnormal components of MetS, 
such as obesity, hypertension, hyperglycemia, and hypertriglyceridemia, 
exhibited a higher prevalence of CKD.

Conclusion: The aforementioned components of MetS are critical factors 
influencing CKD prevalence. Therefore, effective control of the increases in body 
mass index, blood pressure, and triglyceride and glucose levels are beneficial in 
decreasing the incidence of CKD.

Keywords: Chronic kidney disease; Metabolic syndrome; Glomerular 
filtration rate

the incidence of end-stage renal disease (ESRD) in Taiwan in 2008 
was approximately 384 per one million people, which was higher 
than that in Japan (288 per one million) and Hong Kong (152 per one 
million people). In addition, Taiwan exhibited the highest incidence 
and prevalence rates of ESRD in the world for 8 consecutive years 
from 2001 to 2008.

Although the high incidence and prevalence of ESRD in Taiwan 
is a concern, the prevalence of CKD, which occurs earlier than ESRD 
does, is higher than that of ESRD. The progression of CKD to ESRD 
not only increases the mortality from cardiovascular disease but 
also increases psychological and financial burdens on individuals, 
families, and society. Therefore, CKD is a crucial disease that should 
be prevented and treated worldwide.

Metabolic syndrome (MetS) has become a global epidemic and is 
related to clustering of the risk factors for diabetes and cardiovascular 
disease. MetS refers to a comprehensive clinical manifestation 
of a group of risk factors including hypertension, diabetes, 
hyperlipidemia, and central obesity [4,5]. The clustering of these 
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Introduction
The global prevalence of chronic kidney disease (CKD), which 

is a major public health problem [1], is approximately 10%–14%. 
According to the U.S. National Health and Nutrition Examination 
Survey, the prevalence of CKD in 1999–2004 was 13.07% [2]. A 
physical examination data analysis in Taiwan (1999–2006) revealed a 
CKD prevalence of 11.93% (approximately two million people) in the 
population of Taiwan; however, the recognition rate was only 3.5% 
[3]. The U.S. Renal Data System 2010 annual data report revealed that 
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risk factors deteriorates the diabetes and increases the incidence and 
mortality rates of cardiovascular disease [6,7]. The principal measures 
of preventing CKD include early detection, early treatment, and 
preventing the deterioration of kidney function. The incidence and 
progression of CKD can be controlled through regular examinations 
and treatment, thereby reducing the risk of complications and 
cardiovascular disease and enhancing the survival rate and quality 
of life [8]. CKD can be diagnosed early by replacing creatinine (Cr) 
with the estimated glomerular filtration rate (eGFR). Currently, this 
is the most critical change that leads to early discovery of CKD. The 
new Kidney Disease Outcomes Quality Initiative (K/DOQI) clinical 
diagnosis and treatment guidelines have been widely adopted in the 
field of nephrology [9].

Previous epidemiology surveys have focused minimally on the 
effects of the MetS components on kidney function in middle-aged 
and elderly people. Therefore, this study investigated the effects of 
various MetS components on CKD in the middle-aged and elderly 
population of Southern Taiwan.

Methods
The present study used a cross-sectional design and collected 

data from middle-aged and elderly people aged ≥ 40 years who 
participated in a free adult health examination from 2006 to 2011 in 
the Kaohsiung-Pingtung area. The total sample size was 21,442, with a 
valid sample size of 19,142 after the exclusion of participants who did 
not undergo complete physical and biochemical blood examination 
or who underwent repeated screening.

The research instruments used were an adult health examination 
database. The physical examination included blood pressure (BP) and 
anthropometric measurements (height, weight, and Body Mass Index 
[BMI]). Height was measured using a stadiometer to the nearest 
0.1 cm, without shoes. Weight was measured using a beam balance 
scale to the nearest 0.1 kg, in light clothing and without shoes. BMI 
was calculated as weight (kg) divided by height squared (m2). Well-
trained nurses measured the systolic blood pressure and diastolic 
blood pressure twice in the left arm in the seated position according 
to a standard protocol. A third BP measurement was recorded if the 
difference between initial 2 BP readings was >10 mm Hg. The average 
of the 2 closest readings was calculated to determine the reported BP 
for each participant.

The biochemical blood examination included total cholesterol, 
triglyceride, fasting plasma glucose (FPG), and Cr levels. The sample 
was venous blood drawn after 8 hours of fasting, which was delivered 
to the laboratory within an hour and analyzed using a Hitachi-7070 
biochemical analyzer and XT-1800i globulimeter.

Definition of terms:

(i) (1) CKD: According to the K/DOQI guidelines established 
by the National Kidney Foundation (NKF) regarding the prevention 
of CKD [10], and the following stages of CKD were included in 
this study.Stage 3: Moderately reduced GFR ranging 30–59mL/
min/1.73m2;

(ii) Stage 4: Severely reduced GFR ranging 15–29mL/
min/1.73m2;

(iii) Stage 5: ESRD with GFR < 15mL/min/1.73m2 or currently 

undergoing dialysis [10].

This study adopted the NKF definition of CKD, using GFR < 
60mL/min/1.73m2 to diagnose a person with CKD [11,12].

(2) GFR: The GFR index is commonly used for early detection 
of CKD.

This study adopted K/DOQI [10] and used the simplified 
Modification of Diet in Renal Disease (MDRD) equation to calculate 
eGFR and evaluate kidney function. GFR (mL/min per 1.73m2) 186 × 
Cr (mg/dL)-1.154 × (age)-0.203 × (female × 0.742) × 1.210 [13].

(3) The MetS was defined according to the criteria set by the 
Bureau of Health Promotion, Department of Health in 2007. Since 
waist circumference (WC) and high density lipoprotein cholesterol 
(HDL-C) were not routine inspection items in the previous health 
examination, the present study referred to other research methods 
and took BMI as a replacement for WC and total cholesterol as a 
replacement for HDL-C [14]. The remaining components of MetS 
included, (i) elevated blood pressure, defined as blood pressure of 
at least 130/85 mm Hg or use of antihypertensive medication; (ii) 
elevated triglycerides, defined as serum triglycerides of at least 150 
mg/dL; and (iii) elevated FPG, defined as FPG of 100 mg/dL or more 
or use of drug treatment for elevated glucose.

The study protocol was approved by the institutional review 
board before data collection.

The study data were analyzed using Statistical Package for Social 
Sciences for Windows (Version 17.0), with a significance level of α = 
.05. The chi-squared test and multiple logistic regression model were 
applied for inferential statistical analysis.

Results and Discussion
International studies have indicated numerous factors associated 

with the incidence of CKD, including aging, sex, race, family medical 
history, obesity, smoking, high-protein diets, anemia, proteinuria, 
and several chronic diseases such as diabetes, hypertension, 
hyperlipidemia, MetS, cardiovascular disease, and gout [11,15-29]. 
In this study (Table 1), the participants with eGFR < 60 exhibited 
a CKD prevalence of 12.8% (14.2% for men and 11.5% for women). 
Sex, age, smoking, alcohol consumption, betel nut chewing, and 
MetS components reached statistical significance for the prevalence 
of CKD. Participants with abnormal MetS components (obesity, 
hypertension, hyperglycemia, and hypertriglyceridemia) exhibited a 
higher prevalence of eGFR < 60. Similar studies have also reported a 
higher prevalence of CKD in men [3,30]. Regarding age, people aged 
> 65 years exhibited a 26.8% risk of being diagnosed with CKD, which 
was significantly higher than that of participants aged 40–64 years 
(4.5%). Aging causes CKD likely because of a decrease in nephrons 
[31]. Previous studies have also reported that older patients exhibit 
a higher prevalence of CKD and poorer kidney function [30,32]. 
Because aging is a risk factor for CKD, CKD testing should be 
emphasized, particularly for patients aged > 60 years.

In addition, the findings of this study indicate a negative 
correlation between individual health behavior and smoking, alcohol 
consumption, betel nut chewing and CKD. Previous research has 
proven an association between smoking and CKD; however, no 
large-scale prospective random studies have proven that smoking 
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deteriorates kidney function. The cumulative effect of nicotine is 
higher than normal in patients with CKD, which is more likely to 
accelerate the deterioration of kidney function; this is particularly 
evident in CKD patients with diabetes [33]. For alcohol consumption 
and betel nut chewing, this study did not classify the participants 
based on the types and contents of the alcohol consumed, and only 
4.4% of the participants reported betel nut chewing habits. Therefore, 
determining the direct negative effects of alcohol and betel nut 
chewing on kidney function was challenging; ascertaining these 
effects on healthy workers who experience no symptoms and are 

healthy but continue to engage in unhealthy behavior would likewise 
be difficult.

Regarding the components of MetS, participants with BMI ≥ 
27 kg/m2 exhibited a higher prevalence of CKD. This finding is 
consistent with those of a previous study: as BMI increases, the risk 
of suffering from CKD and ESRD increases [34,35]. In addition, 
other studies have verified that obesity increases eGFR and that 
adipocytes produce a pro-inflammatory response. Moreover, severe 
obesity increases renal blood flow, thereby resulting in higher eGFR 
[36]. Hypertension is a crucial factor that causes kidney failure. 
Several kidney diseases are accompanied by high blood pressure, 
which accelerates the deterioration of kidney function and increases 
the risk of cardiovascular diseases caused by chronic kidney failure. 
The findings of the present study indicate a correlation between 
higher blood pressures and a higher risk of being diagnosed with 
CKD (eGFR < 60); these findings are consistent with those reported 
by previous studies [21,26]. The possible mechanism by which 
hypertension causes CKD is that the increased blood pressure causes 
glomerular hypertension, thereby accelerating glomerular injury, 
which stimulates an inflammatory response and consequently reduces 
the number of glomeruli [26]. The patients with CKD exhibited a 
higher prevalence of abnormal triglyceride levels, with no significant 
difference in the cholesterol levels. This finding is consistent with those 
of other studies, which have reported that the primary dyslipidemia 
in patients with CKD is characterized by increased triglyceride and 
low-density lipoprotein cholesterol levels, as well as decreased high-
density lipoprotein cholesterol levels; these studies have not indicated 
a direct correlation with cholesterol levels [3,37]. In the current study, 
the patients with CKD exhibited increased FPG levels (17.0% vs. 
9.4%). Diabetic nephropathy has become the primary causative factor 
for ESRD. A previous study based on the data on stage 5 CKD caused 
by diabetes reported that patients with diabetes required dialysis 
earlier than those without diabetes [38]. The pathological factors 
of diabetes that induce CKD are complicated and involve multiple 
mechanisms, including glomerular dynamics [39] and production 
of reactive oxygen species [40]. Logistic regression was used to 
determine the effects of the MetS components on CKD, after adjust 
the other influencing factors, which indicated BMI, blood pressure, 
and triglyceride and FPG levels as risk factors for predicting CKD 
by using odds ratios (ORs) of 1.14, 1.43, 1.38, and 1.48, respectively 
(Table 2). These findings are consistent with other studies [30,41].

Limitations
Although the research results regarding prevalence were not 

randomly sampled, the large-scale screening implemented in this 
study still indicated a certain degree of representativeness. Analyzing 
the adult physical examination data indicated a higher average age 
of patients; nevertheless, the inferences from these research results 
must be more conservative. In addition, because of the lack of the 
proteinuria data, the detection of the eGFR values was incomplete. 
Therefore, these results may be inconsistent with those presented 
by other studies. This study was designed as a cross-sectional study; 
thus, only a “snapshot” of the association between components of 
metabolic syndrome and CKD could be evaluated. Data took the 
form of prevalence rates only. The analysis was purely correlational, 
so causal inferences cannot be made.

Variables

eGFR≧60
(n=16,701, 87.2%)

eGFR<60
(n=2,441, 12.8%) P 

valueNumber Percentage Number  Percentage

Gender <.001

  Male 7519 85.8 1244 14.2

  Female 9182 88.5 1197 11.5

Age <.001

  40-64 years old 11521 95.5 547 4.5

 65 years old and above 5180 73.2 1894 26.8

Obesity <.001

  Normal 12995 87.8 1803 12.2

  Abnormal (BMI≧27) 3706 85.3 638 14.7

Smoking  0.028

  No 14361 87.0 2139 13.0

  Yes 2340 88.6 302 11.4

Drinking <.001

  No 13298 86.2 2131 13.8

  Yes 3403 91.7 310 8.3

Betel nut 0.015

  No 15939 87.1 2356 13.9

  Yes 762 90.0 85 10.0

Blood pressurea <.001

  Normal                7160 92.9 545 7.1

  Abnormal 
  (≧130/85mmHg)                

9541 83.4 1896 16.6

FPGb <.001

  Normal 9721 90.6 1011 9.4

  Abnormal (≧100mg/
  dL)

6980 83.0 1430 17.0

Triglyceride <.001

  Normal 12504 88.1 1686 11.9

  Abnormal (≧150mg/dL) 4197 84.8 755 15.2

Cholesterol <.001

  Normal 7945 85.9 1302 14.1

  Abnormal (≧200mg/dL) 8756 88.5 1139 11.5

Table 1: Correlation analysis of the demographic characteristics, physical 
examination, blood biochemical test, and CKD from 2006 to 2011 (n=19,142).

Note: Using chi-squared statistical analysis and two-tailed test; significant level 
of α=.05.
a Participants with a blood pressure of ≧130/85mmHg or are currently taking 
antihypertensive drugs.
b Participants with a fasting plasma sugar of ≧100mg/dl or are currently taking 
anti-diabetic medications.
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Conclusion
The components of MetS, including BMI, blood pressure, and 

triglyceride and FPG levels, are the risk factors for CKD. Because 
ESRD treatment exhausts a large amount of health care resources, 
understanding the associated factors and early implementation 
of necessary management therapies can decrease the risk of being 
diagnosed with CKD. Accordingly, eGFR should be calculated for all 
adults participating in physical examinations, and participants with 
stage 3 CKD or above should be followed-up regularly at the hospital 
for early diagnosis and management.
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