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Abstract This study was conducted to identify the sub-factors of metabolic syndrome that affect the
renal function in diabetic patients and provide essential data for the systematic management of related
risk factors. In diabetic patients with metabolic syndrome, the prevalence of diabetic nephropathy
increases as the components of metabolic syndrome increase. Data from the Eighth National Health and
Nutrition Examination Survey (2020) of the Korea Centers for Disease Control and Prevention was used.
The weights were calculated using complex sample analysis using two-stage stratified cluster probability
extraction. Among adults aged 19 years or older who responded that they had been diagnosed with
diabetes, 683 people were included in the final analysis. After classifying renal function into three stages
based on KDIGO's estimated glomerular filtration rate (eGFR), descriptive statistics, Chi-square and
t-test, ANOVA, and linear regression analysis were conducted on the lower factors of metabolic
syndrome. As a result, in the three stages of diabetic patients' GFR({60), the prevalence of hypertension
(p€0.001), systolic and diastolic blood pressure (p<0.001), and albuminuria were the highest (p=0.001),
and HDL-cholesterol was the lowest (p=0.062), showing a significant difference between the groups. The
general characteristic variables affecting the eGFR were age and gender (p{0.05). The eGFR decreased
significantly with age, lower income level, and shorter education period (p<0.001). The risk of developing
diabetes and metabolic syndrome varies according to genetic factors, socioeconomic conditions, and
environment. Therefore, to prevent and manage metabolic syndrome in diabetic patients, it is necessary
to identify the aggravating factors in high-risk groups according to the eGFR early and attempt
preventive intervention and treatment.
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Fig. 1. Simplified flow chart of study subject selection
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9 86.83%2] HHEZ foulgt Aolrt o
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EFR] QAQFH(p=0.884)(Table 1).

Table 1. Baseline characteristics of participants

(N=683)
Male Female
Category p
n (%) or M+SD

Total 322 (47.14) 361 (52.86)
Age, year 63.73%£11.30 67.62+10.47 <.001
House income

Lowest 72 (22.36) 162 (45.13)

Lower middle 98 (30.43) 77 (21.45) <.001

Upper middle 80 (24.84) 64 (17.83)

Highest 72 (22.36) 56 (15.60)
Education, year

0-6 59 (20.63) 159 (53.36)

7-9 49 (17.13) 48 (16.11) <.001

10-12 95 (33.22) 59 (19.80)

13 or more 83 (29.02) 32 (10.74)
Smoking

no 59 (18.32) 337 (93.35) <.001

ves 263 (81.68) 24 (6.65)
Dyslipidemia,

no 159 (49.38) 144 (39.89) 0.013

yes 163 (50.62) 217 (60.11)
Hypertension

no 131 (40.68) 138 (38.23) 0.512

yes 191 (59.32) 223 (61.77)
BPsys, mmHg 124.27+15.06 | 126.54+15.72 | 0.058
BPdia, mmHg 74.40+10.66 71.15£9.20 <.001

Duration of Diabetes,
year

Waist circumference| 92.45+8.80 88.06+8.87 <.001

BMI
(Body Mass Index)

Fasting blood glucosd 138.11£42.49 | 132.95+£40.92 | 0.112

10.75+9.64 10.2749.59 0.516

25.27+3.53 25.06+3.34 0.425

HbAIC 7.26+1.28 7.16£1.26 0.357
Triglyceride 156.45+115.90 | 130.04+62.93 <.001
HDL-cholesterol 43.6519.82 47.61+11.21 <.001
LDL-cholesterol 92.18+31.91 97.11+25.24 0.416

Total cholesterol 157.87+36.81 163.44+37.54 0.055
Albuminuria, mg/day| 85.11+£288.49 | 46.75+164.29 | 0.040
Urinary creatinine 106.72+56.54 76.23+41.98 <.001

Metabolic syndrome

no 66 (20.95) 47 (13.17) 0.007
ves 249 (79.05) 310 (86.83)
EGFR,

83.13+18.39 82.92+18.55 0.884

mL/min/1.73n¢

*Abbreviations: BP, Blood Pressure; HDL, high-density
lipoprotein; LDL, low-density lipoprotein: EGFR, estimated
glomerular filtration rate; HbA;C, hemoglobin A;C

*Unit of measurement: Fasting blood glucose, HbAlc,
Triglyceride, Cholesterol, Urinary creatinine, mg/dL; Waist
circumference, cm
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Table 2. EGFR according to General Characteristics (N=683)
Stage | Stage 2 Stage 3
Category (290) (60= EGFR <90) (<60) »
n (%) or M+SD

Total 273 (39.97) 332 (48.61) 78 (11.42)
EGFR, mL/min/1.73m* 99.07+£7.29 78.58+8.45 45.69+10.73
Age, year 58.29+9.96 70.01+8.83 74.06+6.86 <.001
House income

Lowest 59 (21.69) 135 (40.79) 40 (51.28)

Lower middle 70 (25.74) 90 (27.19) 15 (19.23) <.001

Upper middle 79 (29.04) 51 (15.41) 14 (17.95)

Highest 64 (23.53) 55 (16.62) 9 (11.54)
Education, year

0-6 63 (25.40) 124 (44.44) 31 (54.39)

7-9 37 (14.92) 49 (17.56) 11 (19.30) <.001

10-12 84 (33.87) 60 (21.51) 10 (17.54)

13 or more 64 (25.81) 46 (16.49) 5 (8.77)
Smoking

no 151 (55.31) 194 (58.43) 51 (65.38) 0.275

yes 122 (44.69) 138 (41.57) 27 (34.62)
Dyslipidemia

no 118 (43.22) 150 (45.18) 35 (44.87) 0.886

yes 155 (56.78) 182 (54.82) 43 (55.13)
Hypertension

no 136 (49.82) 117 (35.24) 16 (20.51) <.001

yes 137 (50.18) 215 (64.76) 62 (79.49)
BPsys, mmHg 122.73+13.82 126.56+15.43 130.53+18.88 <.001
BPdia, mmHg 68.03+9.67 71.39+10.01 75.55£9.37 <.001
Duration of diabetes, year 7.92+7.27 11.59+9.96 14.954+12.50 0.516
Waist circumference, cm 89.76+8.93 90.1949.28 91.14+8.96 0.496
BMI(Body Mass Index) 25.57+3.57 25.01+3.37 24.34+2.98 0.014
Fasting blood glucose, mg/dL 136.99439.82 133.58+39.68 137.41+54.45 0.557
HbA1C, mg/dL 7.35+1.40 7.10+1.15 7.18+£1.26 0.065
Triglyceride, mg/dL 153.45+104.23 136.91+88.83 128.60+55.57 0.037
HDL - cholesterol, mg/dL 46.96+11.30 45.12+10.60 44.44+49.20 0.062
LDL - cholesterol, mg/dL 98.77+28.98 92.68+28.36 77.73£35.85 0.099
Total cholesterol, mg/dL 169.48+39.77 156.11+34.83 151.94+33.20 <.001
Uric acid, mg/dL 4.55+1.23 4.84+1.33 6.22+1.64 <.001
Albuminuria, mg/day 53.69+204.84 52.15+224.88 159.31+319.80 0.001
Metabolic syndrome
no 52 (19.62) 51 (15.45) 10 (12.99) 0.255
yes 213 (80.38) 279 (84.55) 67 (87.01)

*Abbreviations: BP, Blood Pressure: HDL, high-density lipoprotein: LDL, low-density lipoprotein: EGFR, estimated glomerular filtration

rate; HbA:1C, hemoglobin A;C

Table 3. Correlation for BP, WC, Glucose, TG, HDL and EGFR

’ ) BPdia, Waist HDL - Fasting blood
Category BPsys, mmlg mmHg circumference cholesterol glucose TG EGFR
BPsys, mmHg 1
BPdia, mmHg ((O)ggg) 1
Waist circumference, cm ((O)(l)gg) (8(%(0)3) 1
HDL - cholesterol, mg/dL (_é)9040§>) 828?) (_(5)010801) 1
. 0.055 0.096 0.085 -0.0
Fasting blood glucose, mg/dL (0.12;) 0.014) (0‘038) (0‘39323) 1
Trigl id /dL 0.102 0.264 0.149 -0.296 0.235 1
riglycerice, ms (0.009) (0.000) (0.000) (0.000) (0.000)

. 2 -0.159 -0.281 -0.007 0.112 0.015 0.109

EGER, ml/min/1.73m (0.000) 0.000) (0.863) (0.009) 0.693) (0.05) !

*Abbreviations: BP, Blood Pressure: HDL, high-density lipoprotein: LDL, low-density lipoprotein: EGFR, estimated glomerular filtration rate
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Table 4. Generalized Linear regression for metabolic syndrome among the sub items(blood pressure, waist
circumference, blood glucose, triglyceride, HDL-cholesterol) and EGFR.

Category beta SE t j2) R-Square F ()
46.921
Intercept 176.355 14.548 12.122 <.001 0.975 «.001)
Age, year -0.646 0.084 -7.658 <.001
Gender
Male 1 ref
Female -8.493 2.785 -3.049 0.004
House income
Lowest 1 ref .
Lower middle -1.484 1.590 -0.933 0.356
Upper middle 0.273 1.714 0.159 0.874
Highest 1.335 1.601 0.834 0.409
Education, year
0-6 1 ref
7-9 -0.148 1.884 -0.079 0.938
10-12 -2.324 1.780 -1.305 0.199
13 or more -2.749 1.843 -1.492 0.143
Smoking
no 1 ref
yes 1.493 2.074 0.720 0.476
Dyslipidemia
no 1 ref .
yes -2.080 1.541 -1.350 0.184
Hypertension
no 1 ref
yes -0.649 1.287 -0.504 0.617
BPsys, mmHg 0.041 0.062 0.656 0.516
BPdia, mmHg -0.071 0.098 -0.722 0.474
Duration of diabetes, year -0.070 0.072 -0.975 0.335
Waist circumference, cm 0.040 0.163 0.245 0.807
BMI(Body Mass Index) -0.022 0.374 -0.058 0.954
Fasting blood glucose, mg/dL 0.010 0.019 0.518 0.607
HbA1C, mg/dL -1.029 0.654 -1.573 0.123
Triglyceride, mg/dL 0.006 0.007 0.878 0.385
HDL - cholesterol, mg/dL 0.129 0.089 1.445 0.156
LDL - cholesterol, mg/dL 0.045 0.054 0.842 0.405
Total cholesterol, mg/dL -0.031 0.043 -0.729 0.470
Uric acid, mg/dL 0.704 0.554 1.271 0.211
Albuminuria, mg/day 0.003 0.005 0.643 0.524
Metabolic syndrome
no 1 ref .
yes -0.089 2.998 -0.030 0.976

*Abbreviations: BP, Blood Pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; EGFR, estimated glomerular filtration

rate; HbA,C, hemoglobin A;C
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Fetetlol A Gt AR FHrst A9
7] %< 130mmHg °Jst2 F-A|oth= ARt
Aol Y= FRloleH19l. TEYL Ferg o A
a0 ARSEHe] 4 a40ltH7,13].
o] Ak A A FHsY F
o g hASTES SR B 3R] A1 7]
59 Aok= vl AHHY 4= SItH2,8,30]. AFEE
AER[THEO] 30-50% =7 "olAE Azt S
S Z QAABHA] £ & Qe wHE20,30] T A1
AR TR0l A4 ofskR Fr4str| Ho 1 Folkth
A5221 AAT7t HA o]Fo]Aof 3H2,8,9,31].

ARG T2 SR 8Q17} Hsto] B AollA] vlgk
< FAdole bl AMgElE dlEEde ARAlolgEo] 7t
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o= yehd W ARAlo T Fro] wE Fie 3}
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AEC] Hlste] D o] 6-74] F= ¥1(32], o
AT F8 URIQl v BTk It Sk of
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H}FO. A

£ AFoA FEAE A7]150l G HA= At
S o 8Rlo 2= F-9u|skA] AAIRHp)0.05)
AREA ol THE&9] TAo] Wt ZfolE vEhiit 194 &
Aro] 153.45mg/ dL(£104.23)2 714 &9ka1, o|of
22, 394 o= Uehy SR 225 G
R 47]50] AstEe= 71E AFATET= Ael7t
UATH2,10,30]. FHAHS dF HFH7F HorAY
A 37t Eolvd o] F7F Hetl B9 G
3R] o] AntolA o]FojR|A] gFoH nAE
39 g3l A% 9 AEse] 9Fo] Adsdtt
(2,7,8]. WEpA] B AtolA= AREATREe] 7T A
St 3TA RS2 L ol BA TR DA
Al o} FAZH Aldh} FERES APt AoE F
S5t} olo] B R=9] HAES FHA Al o
gt W5o] x| ojol & Aojrh

ojo] & A9 Flr R AEA T} hAS T
9 T4 84Q THUE Ao FEHAHES AmE
T S 7F 49 ATTAR(=0.112) L= A
fAHEC] 2245 ArA TRl A e
UE Ao FHAHEL RO RE FYAHES
AAst E Hof| A&=EE S A8 AL
24 TS AGEe 9HE ATl wE
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gASSF Ak 71221 40me/dL olstol digo] FA
Aottt AR oo T AFTES WL
9 0] Sk, 109 ol Foll BAHRI oulg Kol
= AoZ HuH4,6]. WA 5HAS} 59 JPS
dEshs o 8 AR g8 1dE Ao FHA
HEo tigt T 3] A71HR1 AnT7t B 8
=] ojof gt

0]9] E ApojME IRRLT} ARA|ciTE 3T
BAE5E A4 oA 159.31mg/L(+£319.80)2.2 1,
294 BT @AS] w3, IF 7 /9Re ol
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S Gy A4 dE st DA B0l U
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A Saadi3319] Z3HE A HE.
B4 N3] 27] 279 FA
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