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Abstract
Background: We examined the relationships between components of metabolic syndrome at the time of
diagnosis of type 2 diabetes, and the development of chronic complications in Korean patients with type 2
diabetes.

Methods: The medical records of patients with type 2 diabetes who had undergone treatment for at least five
years prior were collected from 10 general hospitals in Korea. Among a total of 1,418 patients reviewed for
possible inclusion in this study, 603 patients were selected, and the occurrence of complications among these
patients was evaluated.

Results: Among the 603 patients (male, 253; female, 350), 154 males (60.8%) and 266 females (76.0%) were
diagnosed with metabolic syndrome at the time of initial diagnosis of type 2 diabetes. The incidence of
chronic complications (average follow-up 15.2 + 4.9 years) included 60 cases of coronary artery disease
(CAD), 57 cases of cerebrovascular accident (CVA), 268 cases of diabetic retinopathy (DR), 254 cases of
diabetic nephropathy (DN), and 238 cases of diabetic peripheral neuropathy (DPN). As compared to patients
without metabolic syndrome, the adjusted relative risks (95% CI) of incidental diabetic complications in
patients with metabolic syndrome were 3.28 (1.40~7.71) for CAD, 2.04 (0.86~4.82) for CVA, 1.53 (1.10~2.14)
for DR, 1.90 (1.29~2.80) for DN, and 1.51, (1.06~2.14) for DPN. With the addition of just one constituent of
metabolic syndrome, the relative risk of developing CAD, CVD, DR, DN, and DPN increased by 2.08 (95%
CI, 1.27~3.40), 1.16 (0.80~1.66), 1.09 (0.93~1.26), 1.29 (1.06~1.57) and 1.06 (0.87~1.26), respectively.
Conclusion: Metabolic syndrome in Korean patients with type 2 diabetes increases the risk of developing

both macrovascular and microvascular complications. (Korean Diabetes J 33:392-400, 2009)
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Table 1. Baseline characteristics of study subjects

e ATl e S5iEl A el vl A=
gar < wbe vl E4(.e. Cox’s proportional
hazard model)& |83 WAESST 77, vel, BMI,
sl AW, s FulsElE, 25k 24 HbAle, o
T 717FE<te] T HbAlcE: AHTE 33k 5o
HhAok g diAESTe] froll wet A TR
= TRISaL, 7 ol¥eRls SITE o] ATE Log
rank test SAEI 1 FAE A ARSI 4 W
skl Awk 7holl ARSA]] Z3kge] vEh s 7l log
rank & o]&zlo] ololl gt A ARk FHEH
AE 5 A didEle ATE 75 Ad ke
thxIsioict BAREAS SASE ARSI P 7ol 0.05 o]
3Rl A5 AR frelsiclkar Aok

"

P

[+

60372] 3 % A P Agk ) ool

S 420783} tiASTe] EH

MetS (-) MetS (+) P

N (%Male/%Female) 183 (54%/46%) 420 (37%/53%) < 0.01
Age at diagnosis 472 + 93 51.1 = 89 < 0.01
Body mass index (kg/m®) Male 212 + 1.8 249 + 2.7 < 0.01

Female 210 + 24 262 + 33 < 0.01
Systolic BP (mm Hg) 1155 + 133 138.3 + 223 < 0.01
Diastolic BP (mm Hg) 75.0 + 8.8 88.4 £ 13.8 < 0.01
Fasting blood glucose (mg/dL) 1852 + 75.0 198.1 + 76.3 0.12
PP2hr glucose (mg/dL) 270.8 + 120.0 286.7 + 109.0 0.22
HbAlc (%) 88 = 32 92 + 3.1 0.30
Total-cholesterol (mg/dL) 181.1 + 38.7 2123 £ 62.8 < 0.01
Triglyceride (mg/dL) 111.0 = 62.1 2237 = 174.8 < 0.01
HDL-cholesterol (mg/dL) 51.6 £ 17.2 419 + 119 < 0.01
Smoking (%) Never 64.6 72.5 0.10

Ex 35 4.6

Current 31.9 229
Alcohol (%) Never 53.5 67.1 < 0.01

Ex 1.4 4.4

Current 45.1 28.5
Physical activity (%) None 319 215 0.07

1~2 per a week 50.0 57.0

Almost everyday 18.1 21.5
Diet control (%) None 30.8 48.2 < 0.01

Irregularly 34.1 30.8

Regularly 35.1 21.0

BP, blood pressure; HDL, high density lipoprotein; MetS, metabolic syndrome.
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Table 2. Occurence of chronic complications

MetS (-) MetS (+) cRR 95% C.I. aRR 95% C.L
CAD 8.8% 10.8% 3.18" (1.68~6.01) 3.28" (1.40~7.71)
CVA 10.5% 9.3% 2.00" (1.08~3.69) 2.04 (0.86~4.82)
DR 60.2% 41.0% 1.69° (1.30~2.20) 1.53 (1.10~2.14)
DN 52.7% 39.3% 1.89° (1.41~2.54) 1.90° (1.29~2.80)
DN-micro 48.3% 36.9% 1.90° (1.32~2.73) 2.00" (1.26~3.16)
DN-Overt 30.8% 16.1% 135 (0.89~2.05) 1.28 (0.75~2.19)
DPN 52.5% 35.3% 1.61° (1.22~2.14) 151" (1.06~2.14)

* P < 0.05. aRR, adjusted relative risk (adjusted for age at T2DM diagnosis, sex, smoking, alcohol, physical activity &

diet control); CAD, coronary artery disease; cRR, crude relative risk; CVA, cerebro-vascular accident; DN, diabetic

nephropathy; DPN, diabetic peripheral neuropathy, DR, diabetic retinopathy, MetS, metabolic syndrome; micro,
phropathy perip! pathy pathy yn
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Fig. 1. Estimated cumulative hazard ratio of Macrovascular complications in diabetic patients with and without metabolic

syndrome. A. Coronary artery disease (P < 0.01). B. Cerebrovascular accident (P = 0.02).
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Fig. 2. Estimated cumulative hazard ratio of Microvascular complications in diabetic patients with and without metabolic
syndrome. A. Diabetic retinopathy (P < 0.01). B. Diabetic nephropathy (P < 0.01). C. Microalbuminuria (P < 0.01). D.
Overt nephropathy (P = 0.15). E. Diabetic neuropathy (P < 0.01).
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Table 3. The relative risk for chronic diabetic complications by the presence of each component of metabolic

syndrome
Obesity Hypertriglyceridemia Low HDLC Hypertension
cRR aRR cRR aRR cRR aRR cRR aRR
CAD 2.80° 241 2.28" 2.69° 2.83 321 1.93 1.49
(1.51~5.20) (1.16~5.01) (1.24~4.19) (1.28~5.67) (1.44~5.57) (1.40~7.34) (1.06~3.51) (0.69~3.23)
CVA 1.60 1.96 1.57 1.89 1.30 0.93 2.40° 242"
(0.89~2.87) (0.88~4.39) (0.85~2.91) (0.89~4.04) (0.69~2.46) (0.44~1.96) (1.28~4.50) (1.00~5.85)
DR 1.54" 1.43 1.44 1.39° 1.62 1.39 136" 1.08
(1.18~2.00) (1.04~1.96) (1.10~1.89) (1.01~1.90) (1.20~2.19) (0.98~1.97) (1.04~1.78) (0.78~1.51)
DN 1.63 1.48 1.60° 1.60° 225" 207 1.47 1.22
(1.21~220) (1.03~2.12)  (1.17~2.19) (1.11~2.31) (1.58~3.20) (1.37~3.12) (1.09~2.00) (0.83~1.81)
DN-micro 1.70° 1.48 147 1.59 201" 1.85 1.42 1.21
(1.18~2.43) (0.96~2.27) (1.02~2.13) (1.04~2.44) (1.33~3.02) (1.15~2.99) (0.99~2.05) (0.76~1.95)
DN-overt 1.31 1.19 171" 1.87 1.45 1.47 1.24 1.00
(0.85~2.03) (0.71~1.99)  (1.08~2.71) (1.10~3.16) (0.85~2.46) (0.80~2.70) (0.81~1.91) (0.58~1.72)
DPN 1.45° 1.44 1.21 1.09 1.59 1.52 1.17 1.01

(1.10~1.91) (1.03~1.99) (0.90~1.62) (0.78~1.51) (1.14~2.21) (1.05~2.20) (0.88~1.55) (0.71~1.43)
* P <0.05. () 95% C.I. aRR, adjusted relative risk (adjusted for age at T2DM diagnosis, sex, smoking, alcohol, physical
activity & diet control); CAD, coronary artery disease; cRR, crude relative risk; CVA, cerebro-vascular accident; DN,
diabetic nephropathy; DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; HDLC, high density lipoprotein
cholesterol; micro, microalbuminuria; overt, overt nephropathy.

Table 4. The relative risk of developing complication of diabetes with the addition of one constituent of metabolic

syndrome
cRR 95% C.L aRR 95% C.1.

CAD 175" (1.23~2.49) 2.08" (1.27~3.40)
CVA 1.27 (0.97~1.67) 1.16 (0.80~1.66)
DR 1.15° (1.02~1.29) 1.09 (0.93~1.26)
DN 1.27° (1.09~1.48) 1.29° (1.06~1.57)
DN-micro 1.26" (1.06~1.51) 1.24 (0.97~1.56)
DN-Overt 1.18 (0.93~1.49) 1.16 (0.86~1.58)
DPN 1.06 (0.93~1.22) 1.06 (0.87~1.26)

* P < 0.05. aRR, adjusted relative risk (adjusted for age at T2DM diagnosis, sex, smoking, alcohol, physical activity
& diet control); CAD, coronary artery disease; cRR, crude relative risk; CVA, cerebro-vascular accident; DN, diabetic
nephropathy; DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; HDLC, high density lipoprotein cholesterol;
micro, microalbuminuria; overt, overt nephropathy.
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