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ABSTRACT

Aims: There have been several studies on the association between metabolic syndrome
(MetS) and microalbuminuria. However, none has examined whether MetS is associated
with the prospective development of microalbuminuria. Accordingly, we performed a
prospective study to evaluate the longitudinal effects of baseline number of MetS traits
on the development of microalbuminuria in Korean men.

Methods: 1649 Korean men without microalbuminuria in 2005 were included and followed
prospectively until 2010 with the endpoint being the development of microalbuminuria.
MetS was defined according to the joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention. Microalbuminuria was evaluated by
urine albumin creatinine ratio (UACR). Risk estimations for development of microalbumi-
nuria were analyzed according to the number of MetS traits using multivariate adjusted Cox
proportional hazards model.

* Corresponding author at: Total Healthcare Center, Kangbuk Samsung Hospital, Sungkyunkwan University, School of Medicine,
78 Saemunan-gil, Jongro-Gu, Seoul, Korea 110-746. Tel.: +82 10 3377 6314; fax: +82 2 2001 2626.
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Abbreviations: UACR, urine albumin creatinine ratio; MetS, metabolic syndrome; BP, blood pressure; LDL, low-density lipoprotein; HDL,

high-density lipoprotein; BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; GGT, y-glutamyltransferase; eGFR, estimated glomerular filtration rate; SCr, serum creatinine;
CVD, cardiovascular disease; CKD, chronic kidney disease; CRP, C-reactive protein; ACE i, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin II receptor blocker.
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Results: During 5611.8 person-years of follow-up (median 3.40 + 1.46 years), microalbumi-
nuria developed in 91 (5.5%) participants between 2006 and 2010. After adjusting for multiple
covariates, the hazard ratios (95% confidence interval) for development of microalbumi-
nuria comparing 1, 2 and 3-5 MetS traits vs 0 were 2.57 (0.97-6.82), 2.94 (1.09-7.98) and 3.85
(1.37-10.86), respectively.

Conclusions: The number of MetS traits independently associated with the future develop-
ment of microalbuminuria during the 5-year follow-up period, and MetS per se was an
independent risk factor for microalbuminuria.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Metabolic syndrome (MetS) is defined as the presence of at least
three of the following traits, with or without diabetes:
abdominal obesity, elevated triglyceride, decreased HDL cho-
lesterol, elevated fasting glucose (insulin resistance) and
elevated blood pressure [1]. The prevalence of MetSisincreasing
in many countries. With an increasingly sedentary lifestyle and
high rates of obesity exceeding 30% in most age and gender
groups, the prevalence of MetS in Korea increased from 24.9% in
1998 to 31.3% in 2007 [2]. The central feature of MetS is insulin
resistance, which results in hyperglycemia and hyperinsuline-
mia, and may eventually leads to the development of diabetes
[3]. MetS, a cluster of several cardiovascularrisk factors linked to
obesity and insulin resistance, has received increasing atten-
tion as a risk factor for cardiovascular disease (CVD) and
mortality [4] and maybe used as a predictive tool of future CVD
risk. However, others have stated that MetS does not predict
more than the sum of its traits, and a major criticism has been
raised that MetS is neither associated with CVD nor all-cause
mortality [5]. A recent meta-analysis concluded that the ability
of currently used definitions of MetS to predict CVD and
mortality may be limited [6].

The term ‘microalbuminuria’, which is defined as the urine
albumin creatinine ratio (UACR) range within 30-300 mg/g, first
appeared in a medical document written by Svendsen et al. [7].
Microalbuminuria was initially used in the evaluation and
management of diabetic nephropathy [8]. Microalbuminuria is
highly predictive of future overt proteinuria in diabetic patients.
Recently however, studies have shown that microalbuminuria
is not only a renal risk factor but is also a powerful predictor of
CVD in both diabetic and non-diabetic subjects [7,8]. It has also
been shown to be an indicative marker of asymptomatic
cerebral ischemic lacunar infarcts observed on neuroimaging
[9]. More recently microalbuminuria has been extensively
regarded as a marker of generalized vascular endothelial
impairment even in non-diabetic populations [10] and is
reported to have a close association with CVD. The HOPE study
indicated that there was no evident threshold of UACR for the
risk of CVD [11] and showed a graded relationship between
UACR and cardiovascular events, indicating that patients are at
increasedrisk even before UACR reaches the currently accepted
thresholds for microalbuminuria. The risk of major cardiovas-
cular events was increased by 5.9% for each increment of
3.01 mg/g (equivalent to 0.4 mg/mmol) in microalbuminuria.

The relationship between MetS and microalbuminuria or
proteinuria and chronic kidney disease (CKD) has been

investigated in several cross-sectional studies [12-18]. Micro-
albuminuria in patients with MetS in the absence of diabetes
would cause a pro-inflammatory milieu that would result in a
greater prevalence of subclinical atherosclerosis and develop-
ment of CVD [19]. An increasing body of evidence supports the
contributory role of microalbuminuria in the prediction of
CVD and all-cause mortality. Microalbuminuria represents an
important intermediate endpoint of CVD risk in patients with
MetS. Thus, considering the inclusion of microalbuminuria as
a MetS component or testing microalbuminuria in the follow-
up of MetS patients has been debated. It is still controversial
whether MetS components directly influence microalbumi-
nuria in healthy men. In other words, it is unclear whether
MetS is a cause or a consequence of microalbuminuria. To our
knowledge there are little data available on whether MetS
traits directly influence microalbuminuria. For this reason we
performed a prospective study to assess whether MetS was
associated with the risk of developing microalbuminuria. We
also aimed to assess whether the risk of developing micro-
albuminuria increase progressively with the number of MetS
traits.

2. Materials and methods
2.1.  Study design

A prospective cohort study was conducted in order to
investigate the association baseline number of MetS traits
and the development of microalbuminuria. Study participants
consisted of Korean men undergoing a medical health check-up
program at the Health Promotion Center of Kangbuk Samsung
Hospital, Sungkyunkwan University, Seoul, Korea. The study
methods have been described in detail previously [20].

The purpose of the medical health check-up program is to
promote health of the employees and to enhance early
detection of existing diseases. All employees participate in
either annual or biennial health check-up, as required by the
Industrial Safety and Health law in Korea. Most of the study
population is the employees and family members of various
companies from all around the country. Costs of the medical
examinations are largely paid by their employers. We took
advantage of this opportunity to conduct a follow-up study.

2.2. Study population

A total of 4802 men who had an UACR measurement as part of
a medical check-up in 2005 participated in this study. Among
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