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A B S T R A C T

Background: While metabolic syndrome can independently predict the development of dia-

betic kidney disease (DKD) in patients with type 2 diabetes, the risk factors for DKD pro-

gression have rarely been discussed. The purpose of this study is to evaluate the

association between metabolic syndrome and the progression of DKD in patients with type

2 diabetes.

Material and methods: This retrospective observational cohort study lasted approximately

five years. We defined metabolic syndrome using the criteria of the National Cholesterol

Education Program Adult Treatment Panel III with the Asian definition of obesity. The pro-

gression of DKD was demonstrated by either the progression of albuminuria or worsening

renal function. Progression of albuminuria was defined by the transition from normoalbu-

minuria (<30 mg/g) to microalbuminuria (30–300 mg/g) or from micro- to macroalbumin-

uria (>300 mg/g). Worsening renal function was defined by a reduction of eGFR to 50% of

the baseline or the doubling of serum creatinine. We adopted multivariate Cox-

regression analysis to determine the risk factors associated with DKD progression.

Results: This study consisted of 935 type 2 diabetic patients with a mean age of 64.62 years.

We found progression of albuminuria in 172 patients (18.4%) and worsened renal function

in 41 patients (4.4%). After Cox regression analysis, the multivariable-adjusted HR for the

progression of albuminuria and worsened renal function was 1.65 (95% C.I.:1.07–2.53

P = 0.022) and 2.62 (95% C.I.:1.01–6.79 P = 0.047) respectively, for those with metabolic syn-

drome compared to those without metabolic syndrome.

Conclusion: The presence of metabolic syndrome independently predicts DKD progression

in patients with type 2 diabetes.
� 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Type 2 diabetes has been well recognized as the main cause of

end-stage renal disease (ESRD) [1]. The U.S. Renal Database

(USRDS) has shown that the incidence of metabolic syndrome

is quite high, nearly two-thirds, at the beginning of dialysis.

Type 2 diabetes has also been highly associated with meta-

bolic syndrome and obesity [2]. A large cohort study of 5829

type 2 diabetic patients in Hong Kong with a follow-up period

of 4.6 years found that metabolic syndrome independently

predicted new onset of chronic kidney disease (CKD) in

patients with type 2 diabetes [3]. Patients with metabolic syn-

drome are at an increased risk of cardiovascular disease (CVD)

and cardiovascular mortality [4], and also share many other

risk factors with CKD patients [5]. With regard to microalbu-

minuria, in the third National Health and Nutrition Examina-

tion Survey (NHANES III), microalbuminuria was associated

with metabolic syndrome, leading the authors to suggest that

microalbuminuria should be an integral part of the metabolic

syndrome [6]. However, few longitudinal studies have dis-

cussed the association between metabolic syndrome and

the progression of renal function. Longitudinal analysis have

never determined whether metabolic syndrome predicts the

progression of albuminuria and/or worsening of renal func-

tion in diabetic patients. Therefore, we conducted this obser-

vational cohort study to highlight the relationship between

metabolic syndrome and the progression of albuminuria or

worsening renal function in patients with type 2 diabetes.

2. Materials and methods

We included 1256 subjects with type 2 diabetes, ranging from

20 to 91 years of age, who had been followed up at the

endocrinology outpatient department of the Taipei branch

of MacKay Memorial Hospital between October 17, 2013 and

February 7, 2015 for evaluation of glycemic control and dia-

betes complications in this study. Enrolled patients had

normo- or microalbuminuria and estimated glomerular filtra-

tion rate (eGFR) > 15 mL/min per 1.73 m2. We excluded preg-

nant women, patients who received renal replacement

therapy, and patients with infectious or malignant diseases.

Participants underwent a routine medical history and

physical examination, as well as blood sampling every 2 to

3 months at the outpatient clinic.

We collected the following data: age, blood pressure,

anthropometry such as waist circumference and body mass

index (BMI), and laboratory tests included fasting plasma glu-

cose (FPG), post-prandial plasma glucose (PPG), glycosylated

hemoglobin (HbA1c), total cholesterol (TC), triglycerides

(TG), low-density-lipoprotein cholesterol (LDL-C), high-

density lipoprotein cholesterol (HDL-C), liver enzymes, serum

creatinine, eGFR and urine albumin-creatinine ratio (ACR).

Personal history included smoking, drinking and duration of

diabetes. A history of cardiovascular disease (CVD) was
defined as a history of stroke/transient ischemic attack and/

or coronary artery disease. Clinical evidence for coronary

artery disease was defined as any of the following conditions:

a history of myocardial infarction, previous coronary revascu-

larization, or the presence of coronary artery stenosis evalu-

ated by coronary angiography. Retinopathy was confirmed

by an ophthalmologist through dilated ophthalmoscopy.

We defined metabolic syndrome according to the National

Cholesterol Education Program Adult Treatment Panel III

(NCEP-ATPIII)’s modified criteria for Asians [7] with three of

the following abnormalities: (1) central obesity or abdominal

obesity (waist circumference >90 cm for men and >80 cm for

women); (2) fasting TG level �150 mg/dL; (3) fasting HDL-C

<40 mg/dL in men and <50 mg/dL in women; (4) fasting blood

glucose �110 mg/dL or a diagnosis of diabetes; and (5) blood

pressure �130/85 mmHg or a diagnosis of hypertension. Since

all patients included in this study had diabetes, if patients

had two or more of the other components of metabolic syn-

drome besides the glucose component, they were considered

as having metabolic syndrome. Patients taking lipid lowering

agents with fibrates and/or statins were recorded as fulfilling

the lipid criterion, while patients using antihypertensive

drugs were recorded as satisfying the blood pressure

criterion.

3. Measurements

The waist circumference was measured at the midpoint

between the lowest rib and the iliac crest. Urine albumin

was measured using the immunoturbidimetric method and

normalized by urine creatinine levels. Normoalbuminuria

was defined as ACR < 30 mg/g, microalbuminuria was ACR

between 30 and 299 mg/g, and macroalbuminuria was

ACR > 300 mg/g [8]. eGFR was calculated using the following

modified Modification of Diet in Renal Disease equation:

175 � Scr ^ – 1.154 � Age ^ – 0.203 � (0.742 if female).

4. Outcome

The end point of this study was defined as the progression of

albuminuria or worsening renal function with CKD event. The

progression of albuminuria was the end point for the transi-

tion of the stage from normo- to microalbuminuria or

micro- to macroalbuminuria, as determined by at least two

consecutive urine ACR studies to avoid misclassification.

Patients with at least two ACR tests performed per year and

a follow-up period of >1 year for urine ACR were included in

the analysis.

The other end point was worsening renal function. For

each individual, we collected at least one serum creatinine

or eGFR each year and compared it to the patient’s baseline

creatinine or eGFR when enrolled in the study. The end point

of worsening renal function was defined as the doubling of

serum creatinine or eGFR reduction more than 50% from
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baseline, as observed during follow-up, regardless of the fre-

quency of creatinine measurements and albuminuria data

during the follow-up period.

5. Statistical analysis

We performed statistical analysis using IBM SPSS version 21.0

(IBM, Armonk, New York). Baseline characteristics of the

study participants were expressed as a percentage or mean

± standard deviation (SD), as appropriate according to data

distribution. Student’s t-test and X2 test were adopted to ana-

lyze the differences in baseline characteristics between the

groups with and without metabolic syndrome.

The cumulative incidence of the primary end point was

estimated using Kaplan-Meier analysis. We adopted univari-

ate and multivariate Cox proportional hazard model analysis

to calculate the risk estimates for reaching the end point. The

following variables were incorporated as covariates in the

multivariate Cox regression analysis: gender, advanced age,

longer diabetes duration (>10 years), high HbA1c level (>7%),

TG, LDL-C, BMI, hypertension, use of renin-angiotensin sys-

tem inhibitors (ACEI or ARB), eGFR, CKD (eGFR < 60), microal-

buminuria (ACR > 30 mg/g), and metabolic syndrome at

baseline. Prognostic factors were selected using the stepwise

procedure. A p-value of <0.05 was considered statistically

significant.
Table 1 – Clinical characteristics and laboratory data of type 2 d

MetS (N = 599)

Age (years) 65.1 ± 9.6
Gender (male, %) 45.4
Smoking (%) 9.8
DM duration (years) 10.9 ± 7.2

>10 years (%) 54.9
BMI (kg/m2) 26.6 ± 4.3
Central obesity (%) 76.0
FPG (mg/dL) 149.2 ± 46.3
PPG (mg/dL) 197.0 ± 66.0
HbA1c (%) 7.4 ± 1.4

A1c > 7% (%) 55.9
TC (mg/dL) 171.0 ± 35.2
TG (mg/dL) 146.1 ± 108.2
LDL-C (mg/dL) 97.8 ± 27.8
HDL-C (mg/dL) 44.7 ± 12.4
SBP (mmHg) 142.4 ± 17.2
DBP (mmHg) 78.8 ± 9.4
ACEI or ARB (%) 54.3
Cr (mg/dL) 0.9 ± 0.3
GPT (mg/dL) 27.8 ± 15.2
eGFR (mL/min/1.73 m2) 79.9 ± 26.7

CKD (eGFR < 60, %) 23.8
ACR (mg/g) 38.3 ± 59.1
Normoalbuminuria (%) 67.90
Microalbuminuria (%) 32.10

Data are presented as mean value ± standard deviation or % MetS = metab

PPG = post-prandial plasma glucose; HbA1c = glycosylated hemoglobin; T

tein cholesterol; HDL-C = high-density lipoprotein cholesterol; SBP = sys

pyruvic transaminase; Cr = creatinine; eGFR = estimated glomerular filtra
6. Results

This study consisted of a total of 935 type 2 diabetic patients

with a sufficient follow-up period and relevant endpoints that

met our research criteria. The mean ± SD age of these

patients was 64.62 ± 9.73 years and 430 patients (46.0%) were

men. Of these patients, 599 (64.1%) had metabolic syndrome.

The demographic, clinical, and biochemical characteristics of

the patients at baseline are shown in Table 1. Patients with

metabolic syndrome were older, but there was no significant

difference in DM duration, glycemic control, FPG, PPG, or

HBA1C. Those with metabolic syndrome had higher BMI,

TG, systolic blood pressure (SBP), and diastolic blood pressure

(DBP) but lower HDL-C. Of particular note, metabolic syn-

drome patients also had higher serum creatinine and urine

ACR levels at baseline.

We used Kaplan-Meier analysis to evaluate the incidence

of progression of albuminuria and worsening renal function.

The 5-year cumulative incidence of 50% reduction in eGFR

or the doubling of serum creatinine was significantly higher

in patients withmetabolic syndrome compared to those with-

out metabolic syndrome (log-rank test, p = 0.003) (Fig. 1). As

for the progression of albuminuria, in the metabolic syn-

drome group, 21.4% patients (n = 128) developed albuminuria

or progressed to a more advanced stage of albuminuria, com-

pared to only 12.9% of patients (n = 43) in the group without
iabetic patients with and without metabolic syndrome.

No MetS (N = 336) P

63.8 ± 9.9 0.040
47.0 0.635
13.3 0.146
10.2 ± 6.9 0.206
55.1 0.947
24.6 ± 3.7 <0.001
58.9 <0.001
144.5 ± 41.3 0.107
196.7 ± 64.0 0.950
7.4 ± 1.4 0.766
54.1 0.578
174.9 ± 35.0 0.138
88.4 ± 35.9 <0.001
100.0 ± 27.8 0.257
56.8 ± 13.4 <0.001
135.4 ± 17.4 <0.001
76.0 ± 9.8 <0.001
52.2 0.553
0.8 ± 0.3 <0.001
26.4 ± 23.2 0.287
88.8 ± 28.7 <0.001
13.0 <0.001
25.6 ± 42.2 <0.001
79.90 <0.001
20.10 <0.001

olic syndrome; BMI = body mass index; FPG = fasting plasma glucose;

C = total cholesterol; TG = triglyceride; LDL-C = low-density lipopro-

tolic blood pressure; DBP = diastolic blood pressure; GPT = glutamic-

tion rate; ACR = urine albumin-creatinine ratio.



Fig. 1 – Kaplan-Meier estimates of probability of worsening renal function (Panel A) or progression of albuminuria (Panel B) in

type 2 diabetic patients and cumulative probability of worsened renal function (Panel C) or progression of albuminuria (Panel

D) according to the number of metabolic syndrome components.
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metabolic syndrome. The cumulative incidence of progres-

sion of albuminuria increased sharply in patients with meta-

bolic syndrome but to a lesser degree in those without

metabolic syndrome (log-rank test, p = 0.006) (Fig. 1). Further-

more, we analyzed the association of these two endpoints

with the number of metabolic syndrome components. As

Fig. 1 shows, among patients with diabetes, increase in num-

ber of metabolic syndrome components was associated with

a cumulative effect of worsening renal function and progres-

sion of albuminuria.

We used Cox regression analysis to explore the relation-

ship between metabolic syndrome and DKD. In univariate

Cox regression analysis, metabolic syndrome was signifi-

cantly associated with progression of albuminuria (Table 2).

After adjusting for confounding variables such as gender,

age, DM duration, HbA1c level, TG, LDL, BMI, hypertension,
use of ACEI or ARB, CKD and microalbuminuria, the

multivariable-adjusted HR for patients with metabolic syn-

drome compared to those without metabolic syndrome was

1.65 (95% CI 1.07–2.53, p = 0.022). Subjects with two, three,

and four metabolic syndrome components had HRs of 1.47

(0.92–2.32, P = 0.106), 1.91 (1.12–3.24, P = 0.017), and 2.29

(1.25–4.19, P = 0.007) respectively, compared to those with zero

or one component of metabolic syndrome, excluding dia-

betes. The HRs increased as the number of metabolic syn-

drome components increased. On the other hands,

metabolic syndrome was also significantly associated with

worsening renal function (Table 3). Again, when accounting

for confounding covariables, the association remained statis-

tically significant (HR 2.62 95% CI 1.01–6.79 p = 0.047). Simi-

larly, we also observed a gradual increase in HRs for

deterioration in renal function with increasing number of



Table 2 – Cox proportional hazards models for the progression of albuminuria (transition to a more advanced stage of
albuminuria) in type 2 diabetic patients.

Univariate HR 95%(CI) P-value Multivariable HR 95%(CI) P-value

Gender (male/female) 0.91(0.67–1.25) 0.554
Elderly (>65 years) 1.38(1.01–1.89) 0.044
DM duration (>10 years) 1.04(0.76–1.44) 0.798
Higher HbA1c level (>7) 0.90(0.66–1.23) 0.497
TG (per mg/dL) 1.01(1.00–1.02) 0.008
LDL (per mg/dL) 1.00(0.99–1.00) 0.145
BMI (kg/m2) 0.99(0.96–1.03) 0.678
Central obesity 1.72(1.26–2.34) 0.001
Hypertension (SBP > 140) 1.34(0.97–1.83) 0.072
ACEI or ARB use at baseline 1.01(0.74–1.38) 0.952
CKD (eGFR < 60 mL/min/1.73 m2) 2.15(1.53–3.01) <0.001 2.05(1.40–3.01) <0.001
Microalbuminuria (ACR > 30 mg/g) 1.35(0.97–1.88) 0.071
Metabolic syndrome†

2 components 1.31(0.88–1.95) 0.187 1.47(0.92–2.32) 0.106
3 components 1.84(1.17–2.89) 0.008 1.91(1.12–3.24) 0.017
4 components 2.54(1.52–4.23) <0.001 2.29(1.25–4.19) 0.007

HbA1c = glycosylated hemoglobin; TG = triglyceride; LDL = low-density lipoprotein cholesterol; BMI = body mass index; SBP = systolic blood

pressure; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ACR = urine albumin-creatinine ratio.
† Comparsion to 0 or 1 component of metabolic syndrome except for diabetes.

Table 3 – Cox proportional hazards models for worsening renal function (doubling of serum creatinine or eGFR reduction
>50%) in type 2 diabetic patients.

Univariate HR 95%(CI) P value Multivariable HR 95%(CI) P value

Gender (male/female) 0.78(0.41–1.47) 0.436
Elderly(>65 years) 1.40(0.74–2.64) 0.299
DM duration (>10 years) 2.59(1.22–5.52) 0.013 2.22(1.03–4.84) 0.043
Higher HbA1c level (>7) 2.39(1.16–4.90) 0.018 2.39(1.08–5.28) 0.031
TG (per mg/dL) 1.00(1.00–1.00) 0.012
LDL (per mg/dL) 0.99(0.97–1.00) 0.020
BMI (kg/m2) 1.01(0.94–1.09) 0.715
Central obesity 2.40(1.26–4.57) 0.008
Hypertension (SBP > 140) 1.77(0.92–3.40) 0.086
ACEI or ARB use at baseline 1.10(0.58–2.06) 0.779
CKD (eGFR < 60 mL/min/1.73 m2) 1.88(0.97–3.67) 0.063
Microalbuminuria (ACR > 30 mg/g) 4.04(2.12–7.70) <0.001 3.01(1.52–5.95) 0.002
Metabolic syndrome†

2 components 2.56(0.92–7.11) 0.071 2.49(0.79–6.11) 0.249
3 components 5.47(1.95–15.34) 0.003 3.59(1.35–10.90) 0.031
4 components 5.60(1.78–17.67) 0.001 3.84(1.13–11.44) 0.011

HbA1c = glycosylated hemoglobin; TG = triglyceride; LDL = low-density lipoprotein cholesterol; BMI = body mass index; SBP = systolic blood

pressure; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ACR = urine albumin-creatinine ratio.
† Comparison to 0 or 1 component of metabolic syndrome except for diabetes.
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metabolic syndrome components excluding diabetes; 2.19

(0.79–6.11, P = 0.133) for two components, 3.59 (1.35–10.90,

P = 0.031) for three components and 3.84 (1.13–11.44,

P = 0.011) for four components.

7. Discussion

Our study demonstrated that the presence of metabolic syn-

drome independently predicted the progression of DKD,

which was assessed by a 50% reduction in eGFR or doubling

of serum creatinine and the transition to a more advanced

stage of albuminuria in patients with type 2 diabetes. Our
findings also demonstrated an increasing trend of DKD

progression with increasing number of metabolic syndrome

components, strengthening the association of DKD andmeta-

bolic syndrome. Furthermore, multivariate Cox regression

analysis revealed that the association remained significant

even after adjusting for other factors that may affect renal

function.

Metabolic syndrome as a surrogate marker for visceral

obesity is more closely associated with adverse metabolic

risks (including hypertension, high triglyceride, low HDL

and insulin resistance). Actually, type 2 diabetes itself was

already found to have an independent and pivotal role in
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predicting progression of DKD. Since all patients in our study

were type 2 diabetes, we investigated whether the addition of

the other four risk components had predicting significance.

Previous research showed the cumulative effect of metabolic

syndrome components, with increase in number of metabolic

syndrome components resulting in a higher risk of CKD

development [9,10]. Although hyperglycemia is the key mod-

ifiable risk factor that promotes the development of DKD,

other components of metabolic syndrome such as hyperten-

sion, high triglyceride, and low HDL are also well-recognized

modifiable initiators and promoters of DKD [11].

The central feature of metabolic syndrome is obesity.

Although the association between obesity and renal dysfunc-

tion may primarily be due to metabolic abnormalities such as

hypertension and dyslipidemia, a recent meta-analysis

showed that obesity alone can increase the risk of CKD even

without other metabolic abnormalities. If patients had other

metabolic abnormalities, the risk of CKD increased compared

to those without. Patients suffering from both obesity and

metabolic abnormalities ultimately had the highest risk for

CKD [12]. A Japanese study of more than 100,000 screened par-

ticipants showed that high BMI was associated with a high

risk of developing ESRD in men after additionally adjusting

for hypertension and proteinuria [13]. Another study of more

than 300,000 patients from the US with two decades of obser-

vation also revealed that higher BMI was an independent pre-

dictor for ESRD even after adjusting for blood pressure and

diabetes [14]. Both these studies highlight the risk of renal

dysfunction in obese patients. However, even within a normal

range of BMI, there may still be an increased risk of abdomi-

nal fat accumulation, especially in some Asians [15]. Unlike

typical obesity, central or abdominal fat accumulation was

independently associated with metabolic syndrome [16]. In

our present study on T2DM, central obesity is more relevant

than BMI on renal outcomes, not only in progression of albumin-

uria, but also in worsening of renal function. Similar to our

study, previous DKD studies showed that waist circumference,

not BMI, together with arterial hypertension and dyslipidemia

were associated with the risk of arteriosclerosis, ultimately lead-

ing to local intrarenal hemodynamic changes and albuminuria

in diabetes [10,17]. Therefore, metabolic syndrome as a surrogate

for insulin resistance would be superior to BMI in confirming

impaired renal function in patients with DKD.

Growing clinical evidence has supported the association

between metabolic syndrome and the development of kidney

disease. A cross-section study of 7832 American participants

showed that metabolic syndrome was an important predictor

of early renal insufficiency, and the odds ratio (OR) of CKD and

microalbuminuria increased with the number of metabolic

syndrome components [9]. Another study of 15,160 Chinese

individuals also demonstrated that the risk of CKD increased

as the number of metabolic syndrome components increased

[18]. A meta-analysis of 30,146 participants confirmed a rela-

tionship between metabolic syndrome and the development

of eGFR < 60 mL/min per 1.73 m2 and microalbuminuria or

proteinuria [19].

However, few studies have evaluated the association

between metabolic syndrome and DKD. Diabetes is not only

an important cause of CKD but is also a major component

of metabolic syndrome. Therefore, we recruited type 2
diabetic patients to evaluate whether other metabolic syn-

drome components accelerate renal disease. We wondered

whether the central feature of metabolic syndrome, obesity,

had certain additional impacts on DKD progression. A

prospective study with an EDIC study cohort demonstrated

that waist circumference was associated with the develop-

ment of microalbuminuria in type 1 diabetes, but no associa-

tion between waist circumference and reduction of creatinine

clearancewas found. This finding was probably due to the dif-

ference in pathogenesis between type 1 and type 2 diabetes

and the heterogeneity and unpredictable duration of the dis-

ease [20]. In fact, a prospective study of type 2 diabetic

patients from Hong Kong showed that metabolic syndrome

independently predicted the development of CKD after

adjusting for traditional risk factors, including age, glucose

control, duration of disease and proteinuria [3]. Our study fur-

ther confirmed that the presence of metabolic syndrome not

only predicted the progression of CKD but also a transition

to a more advanced stage of albuminuria in type 2 diabetes.

Metabolic syndrome might increases the risk of CKD [3].

CKD itself is an independent determinant of atherosclerotic

disease. It is now known that metabolic syndrome is associ-

ated with the development of cardiovascular disease [4], and

these conditions often coexist and have a vicious circle. Even

renal outcomes such as albuminuria and reduced eGFR

strongly predicted cardiovascular outcomes in a cohort study

[21,22]. The underlying pathology of the metabolic syndrome

included increased oxidative stress, chronic inflammation,

increased fibrogenic activity, and endothelial dysfunction.

Additionally, in metabolic syndrome, the presence of hyperin-

sulinemia and adipocytokines produced by adipocytes may

ultimately lead to podocyte injury and induce albuminuria

and profibrotic states. Therefore, we propose that risk factors

in metabolic syndrome play a vital role in the progression of

DKD [23].

Beside metabolic syndrome, we found other statistically

significant risk factors for progression of microalbuminuria

such as age and triglyceride (Table 2). On the other hand, in

our study, diabetes duration and LDL were also risk factors

for worsening renal function (Table 3). Most results except

LDL were rational and compatible with prior research results

[24,25]. However, until now, the effect of LDL levels or LDL-

lowering on CKD progression remains uncertain [26]. As for

DKD, only one study of a DCCT / EDIC cohort mentioned that

renal deterioration was associated with elevated LDL levels,

but most were for type 1 diabetes patients with smaller LDL

size and elevated triglyceride levels [27].

Regardless of the different definitions, the prevalence of

metabolic syndrome is increasing in both Western and Asian

countries. It is difficult to clarify the concept of type 2 DM only

or type 2 DM with metabolic risk factors due to the close cor-

relation between type 2 DM and metabolic syndrome. In our

study, ATPIII criteria identified more people with metabolic

syndrome because diagnosis could be made with diabetes

and two or three other metabolic disorders, without the coex-

istence of central obesity, which is a prerequisite for diagnosis

by IDF. Small differences in diagnostic criteria by IDF and

ATPIII are noted when applied to the Chinese population

[28]. In a Chinese population with type 2 diabetes, the diagno-

sis of metabolic syndrome cannot rely solely on the presence
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or absence of central obesity. Another study found that sub-

jects with or without central obesity and the same number

of components of metabolic syndrome had the same inci-

dence of diabetes [29]. Waist circumference may not accu-

rately reflect visceral fat for East Asians. Participants in East

Asia have a lower overall adiposity levels and are more likely

to accumulate visceral adipose tissue than any other ethnic

groups [30]. Therefore, we should not ignore the potential

risks of subjects without central obesity.

To the best of our knowledge, this study is the first to

demonstrate the association between metabolic syndrome

and the progression of DKD, as assessed by a 50% eGFR reduc-

tion or doubling of serum creatinine and worsening albumin-

uria. Nevertheless, our study has several limitations. First,

since our study only consisted of a single center cohort, our

results lack external validity. However, biochemical measure-

ments using the same standard method improved the relia-

bility of our data. Second, we cannot exclude the possibility

of other confounders, including such medications as new oral

diabetic medications and SGLT2 inhibitors that may affect our

results. Third, other underlying kidney diseases, such as

hypertensive nephrosclerosis, obstructive uropathy, and

glomerulonephritis, may also accelerate kidney dysfunction

and the progression of albuminuria.

In conclusion, this observational cohort study supports the

hypothesis that metabolic syndrome, independent of other

covariates, is a predictor of declining renal function andwors-

ening albuminuria in patients with type 2 diabetes.
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