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Association of Metabolic Syndrome With Development and Progression of Nephropathy
in Patients With Type 2 Diabetes

Yuka KIUCHI, Tetsuya BABAZONO, Ko HANAI and Yasuhiko IWAMOTO
Department of Medicine III, Tokyo Women’s Medical University School of Medicine

The association between metabolic syndrome and renal outcomes in diabetic patients remains unclear. We
conducted an observational cohort study to assess the association between metabolic syndrome and incident
micro- and macroalbuminuria in type 2 diabetic patients.

A total of 375 Japanese type 2 diabetic patients with normoalbuminuria (urinary albumin-to-creatinine ratio
[ACR] <30 mg/g) or microalbuminuria (30 < ACR <300 mg/g) were studied. There were 133 women and 242
men, and the mean (= SD) age was 55 *+ 12 years. Among these, 214 patients (57.1%) met the criteria for meta-
bolic syndrome according to the Japanese definition proposed in 2005. The primary endpoint was the transition
from any given stage to a more advanced stage of albuminuria.

During a mean follow-up period of 5.9 + 3.9 years, 28 patients with and 25 patients without metabolic syn-
drome reached the primary endpoint. There was no significant difference in the cumulative incidence of end-
points in patients with or without metabolic syndrome (log-rank test p = 0.170). Subgroup analyses in patients
classified by gender or baseline albuminuric stage did not yield significantly different results.

In conclusion, concomitant metabolic syndrome is unlikely to be associated with progression of nephropathy
in Japanese type 2 diabetic patients.
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Table 1 Clinical characteristic of diabetic patients with and without

metabolic syndrome

Metabolic syndrome

Absent Present p value
(n=214) (n=161)
Age (years) 56+12 55+12 0478
Male gender (%) 589 721 0.009
Diabetes duration (years) 3.4 (0.3-9.8) 2.2 (04-7.3) 0.489
Body mass index (kg/m? 224+26 275+34 <0.001
Systolic blood pressure (mmHg) 130+19 14216 <0.001
Diastolic blood pressure (mmHg) 78x9 87+9 <0.001
Laboratory data
HbAlc (%) 83x17 82+17 0430
Triglycerides (mg/dL) 105 (98-112) 138 (127-150) <0.001
LDL cholesterol (mg/dL) 200=37 20234 0.549
HDL cholesterol (mg/dL) 55+17 49+13 <0.001
Creatinine (mg/dL) 066=0.15 071016 0.004
eGFR (mL/min/1.73 m? 89.8+20.0 870+183 0.162
Urinary ACR (mg/g) 10.0 8.6-11.5) 12.8 (10.8-15.2) 0.027
Medications (%)
Oral hypoglycemic agents 346 41.0 0.236
Insulin 12.2 5.6 0.032
ACE inhibitors 51 124 0.014
ARBs 05 12 0579
Statins 159 155 1.000
Fibrates 0.9 6.2 0.006

HbAlc: hemoglobin Alc, HDL: high density lipoprotein, LDL: low density
lipoprotein, ACE: angiotensin-converting enzyme, ARB: angiotensin-receptor

blocker.

Data are mean £ SD or geometric mean (95% CI).
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Fig. 1 Cumulative incidence of reaching the primary
endpoint (transition to a more advanced stage of al-
buminuria) in type 2 diabetic patients with (n=161,
heavy line) and without metabolic syndrome (n=
214, thin line)

The difference between Kaplan-Meier estimates for
the two groups was not statistically significant by
the log-rank test (p =0.170).
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Fig. 2 Cumulative incidence of reaching the primary

endpoint (transition to a more advanced stage of al-
buminuria) in type 2 diabetic women (Panel A) and
men (panel B) with (heavy line) and without meta-
bolic syndrome (thin line)
The difference between Kaplan-Meier estimates for
the two groups was not statistically significant in
either women (p=0.220) or men by the log-rank test
(p=0439).
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Fig. 3 Cumulative incidence of reaching the primary

endpoint (transition to a more advanced stage of
albuminuria) in normoalbuminuric (panel A) and
microalbuminuric (panel B) type 2 diabetic patients
with (heavy line) and without metabolic syndrome
(thin line)
The difference between Kaplan-Meler estimates
for the two groups was not statistically significant
in  either (p=0131) or
microalbuminuric patients by the log-rank test (p=
0.971).
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Table 2 Univariate and multivariate Cox proportional hazards regression anal-
ysis to determine the effects of metabolic syndrome on the primary endpoint
(transition to a more advanced stage of albuminuria) in type 2 diabetic patients

Variable Hazard ratio 95% CI p value
Univariate analysis
Metabolic syndrome (present versus absent) 1.46 0.85-251 0.167
Multivariate analysis with stepwise variable selection procedure
Metabolic syndrome (present versus absent) 1.26 0.71-2.21 0421
Log [urinary ACR (mg/g)] 241 241-1.44 <0.001

Multivariate analysis without variable selection

Metabolic syndrome (present versus absent) 124 0.70-2.19 0470
Age (years) 1.00 0.97-1.03 0.893
Gender (men versus women) 1.20 0.66-2.20 0.556
HbAlc (%) 1.04 0.88-1.24 0.625
Log [urinary ACR (mg/g)] 2.39 1.41-4.06 <0.001
eGFR (mL/min/1.73m? 1.00 0.98-1.02 0.920
LDL cholesterol (mg/dL) 1.01 1.00-1.02 0.299

CIL confidence interval, HbAlc: hemoglobin Alc, ACR: albumin-to-creatinine ratio, eGFR:
estimated glomerular filtration rate, LDL: low-density lipoprotein.

Table 3 Univariate and multivariate Cox proportional hazards regression analysis to determine the effects of
metabolic syndrome on the primary endpoint (transition to a more advanced stage of albuminuria) in type 2 dia-
betic women and men

Women Men
Variable
Hazard ratio  95% CI  p value Hazard ratio  95% CI  p value

Univariate analysis

Metabolic syndrome (present versus absent) 1.90 0.73-4.94 0.186 1.27 0.66-2.44 0476
Multivariate analysis with stepwise variable selection procedure

Metabolic syndrome (present versus absent) 187 0.72-4.86 0197 0.99 0.49-2.01 0.983

Log [urinary ACR (mg/g)] 253 1.09-5.85 0.031 247 1.27-4.80 0.008
Multivariate analysis without variable selection

Metabolic syndrome (present versus absent) 194 0.735.18 0.186 1.02 049-2.12 0.957

Age (years) 1.02 097-1.07 0.366 0.99 0.95-1.03 0.724

HbAlc (%) 092 0.65-1.30 0644 1.06 0.87-1.30 0.551

Log [urinary ACR (mg/g)] 257 1.03-6.42 0.043 233 1.17-4.64 0.016

eGFR (mL/min/1.73 m? 0.99 0.96-1.02 0.429 1.00 0.98-1.03 0.810

LDL cholesterol (mg/dL) 1.01 0.99-1.02 0.401 1.00 099-1.02 0.642

CI confidence interval, HbAlc: hemoglobin Alc, ACR: albumin-to-creatinine ratio, eGFR: estimated glomerular filtration rate,
LDL: low-density lipoprotein.

Bll, SEEBEIENZ N O 10 4B IEM#EF L 273,
175% TH Y, EHBITHEEHETH 724, log-
rank test TIXBABEREZILEL 2 h o 72 (p=0.170).
KIZ, BN FERRDOBT 21T > 72. K133 4
DAL, AFKR) vy Fa—oe0t45 4, ES
B 88 B OEEMBEF I N ZN 312 (1.08~5.12)/
100 &% - 45, 166 (051~280)/100 &% - £ Th
D, &6 TED o 72, Kaplan-Meier 312 & 5 B
BHEERE D AMFITEWERNTH - 724 (Fig. 2-
A), logrank test T p i 0220 L HEEThio7-. B
P22 2D XA FKR) v 7 v v Fa—aaf 116 4,

JEEPF126 HOBIEMEEFR I ENEN 289 (159~
419)/100 B¥& - 4, 227 (1.19~335)/100 £ - 4
&, WHIZHRTHEROZZ LR, BREBEE
EZE (Fig.2B) bHL»REXRD L7z (log-
rank test : p=0.439).
BIEFRBROBEERMINICARBREREL X 5 KR
Vo 2oy Pu—LG5OFHITL > THKRL A
B, EETNVTIVREBCBIIZMET VT IV
RDOFJE (Fig. 3-A, logrank test : p=0.131), B X
OMET V7 I VR LEEEAR~OH#EE (Fig.
3-B, logranktest : p=0971) D d, MERIC
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Table 4 Univariate and multivariate Cox proportional hazards regression analysis to determine the effects of meta-
bolic syndrome on the primary endpoint (transition to a more advanced stage of albuminuria) in normoalbuminuric

and microalbuminuric type 2 diabetic patients

Normoalbuminuric patients

Microalbuminuric patients

Variable
Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Univariate analysis

Metabolic syndrome (present versus absent) 1.59 0.87-2.89 0.129 1.00 0.28-3.58 0.999
Multivariate analysis with stepwise variable selection procedure

Metabolic syndrome (present versus absent) 1.73 0.93-3.20 0.081 0.81 0.22-3.08 0.762

Log [urinary ACR (mg/g)] 30.17 9.50-95.8 <0.001 - -
Multivariate analysis without variable selection

Metabolic syndrome (present versus absent) 1.63 0.87-3.05 0.127 1.16 0.28-4.90 0.837

Age (years) 0.99 0.96-1.02 0615 1.04 096-1.13 0.330

Gender (men versus women) 1.57 0.79-3.11 0.197 073 0.15-351 0.690

HbAlc (%) 1.16 0.96-1.40 0.116 1.07 0.68-1.66 0.750

Log [urinary ACR (mg/g)] 36.93 11.02-12377  <0.001 403 0.14-112.76 0413

eGFR (mL/min/1.73 m? 1.00 0.98-1.02 0.848 1.02 0.97-1.06 0512

LDL cholesterol {mg/dL) 1.00 0.99-0.02 0455 1.00 0.98-1.03 0.744

CIL confidence interval, HbAlc: hemoglobin Alc, ACR: albumin-to-creatinine ratio, eGFR: estimated glomerular filtration rate,

LDL: low-density lipoprotein.
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Fig. 4 Cumulative incidence of reaching the primary
endpoint (transition to a more advanced stage of
albuminuria) in type 2 diabetic patients classified by
gender-specific body mass index quartiles
Q1 to 4 indicate first, second, third and fourth
quartile of BMI in order of increasing. The
difference between Kaplan-Meier estimates for the
four groups was not statistically significant (p=
0.770).
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Table 5 Univariate and multivariate Cox proportional hazards regres-
sion analysis to determine the effects of body mass index on the pri-
mary endpoint (transition to a more advanced stage of albuminuria) in
type 2 diabetic patients. BMI was treated both as categorical (model
1) and continuous (model 2) variables in univariate and multivariate
analysis. In models in which BMI was treated as a categorical vari-
able, patients were classified into 4 groups. Because of the differences
in BMI between genders, separate quartiles were obtained for women
and men, and then the quartiles for both genders were pooled.

Variable Hazard ratio 95% CI p value

Univariate analysis, model 1

Quartile 1 (reference) - - -

Quartile 2 143 : 0.65-3.06 0.372

Quartile 3 143 0.66-3.12 0.367

Quartile 4 140 063-3.13 0410
Univariate analysis, model 2

BMI (kg/m? 1.10 0.87-1.40 0430
Multivariate analysis, model 1

Quartile 1 (reference) - - -

Quartile 2 1.25 0.56-2.80 0582

Quartile 3 1.13 051-250 0.772

Quartile 4 1.08 0.47-050 0.857

Log [urinary ACR (mg/g)] 246 1.47-4.13 <0.001
Multivariate analysis, model 2

BMI (kg/m?) 0.99 0.92-1.05 0.659

Log [urinary ACR (mg/g)] 252 152-4.19 <0.001

CI: confidence interval, BMI: body mass index, ACR: albumin-to-creatinine ratio.

Mz, XAZXR) v 7y Fa—LONEERRUO
WA FCH 2 AR EAME, JEsREIIE, S ERehs,
BIUOHDL I L AT uO—LVE{EEE L, BKRE
BB IRE I X 2 B BGEIR % 1T - 72 Cox BIFE 7V
IZBWTH, BMLIBEER IS T 26 E 2 FHIKN
T e bledos: (Tableb).

z =
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BENSEWERZ DDA, FEEHE & KEENE
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glomerulopathy : ORG*™) & LTHE SN B X9
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PR AL % S B ERRAT R & LT, BEiE Tl
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MHENTVRBY™, B D 5 BAFIC ARG AL R
9 AP & CKD & OBEIEE S TBY,
IEHERIE 2 & & L7=MGETClE, BMI 2° 25kg/m*
R CdhoTdT IR My 7 HHEEET D
¥ (BHILLE, ZHEOSLL) 2H-TEE, M
BT NVTIVERFBHATLY A2 3 2B o712
TEFHREINTVE?., bhbhOERTH 2E
WERBREZENRE LIRETH, 29X v
YRU—AHD0IET A MERAZEOEKEHBET
VZIVREDHEIS, AELZBEEIBDOLNTWY
A"

REFZEX, CHOBMEMAETHEONZZX R
Yoy 7Y Fa—5dH50WidMEHE CKD & OB E
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