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Trends in metabolic risk factors among patients with diabetes mellitus according
to income levels: the Korea National Health and Nutrition Examination Surveys
1998 ~ 2014*
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ABSTRACT

Purpose: Management of the metabolic risk factors in diabetes patients is essential for preventing or delaying diabetic
complications, This study compared the levels of the metabolic risk factors in diabetes patients according to the income levels,
and examined the secular trends in recent decades. Methods: The data from the Korea National Health and Nutrition
Examination Survey 1998 ~ 2014 were used, The diabetes patients were divided into three groups based on their household
income levels, General information was obtained through self—administered questionnaires, and the blood biomarkers and
blood pressure data were obtained from a health examination, Multivariable linear regression models were used to compare
the metabolic biomarker levels according to the household income levels, adjusting for potential confounding factors, Results:
The fasting blood glucose, hemoglobin Alc, and blood lipid (total cholesterol, high—density lipoprotein (HDL) cholesterol,
low—density lipoprotein (LDL) cholesterol, and triglyceride) levels were similar in the three groups, During the survey period
of 16 years, the blood pressure showed a significant decreasing trend with time in all groups (p { 0,001). In contrast, the
fasting blood glucose (p =0.004), total cholesterol (p {(0.001), and LDL—cholesterol levels (p=0.007) decreased significantly,
and the HDL—cholesterol level (p {0.001) increased significantly in the highest—income groups. In the lowest—income group,
the fasting blood glucose (p=0.02), total cholesterol (p{0.001), and triglyceride (p=0.003) levels showed a significant
decreasing trend over time. On the other hand, the middle—income group showed no significant change in any of the
metabolic risk factors except for blood pressure. Conclusion: The level of management of metabolic risk factors according
to the income level of Korean diabetes patients was similar, On the other hand, the highest— and lowest—income groups
showed positive trends of management of these factors during 16 years of observation, whereas the middle—income group
did not show any improvement.
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Table 1. Characteristics of patients with diabetes mellitus according to the household income levels

Household income levels

T T2 13 p-value’

n 1,218 1,188 1,235
Age (years) 68.8 =0.2 62.1 0.3 58.6 =0.3 < 0.001
Male 464 (38.1) 593 (49.9) 694 (56.2) < 0.001
Smoking status < 0.001

Current smoker 222 (18.3) 240 (20.3) 267 (21.7)

Ex-smoker 285 (23.5) 295 (25.0) 355 (28.8)

Non-smoker 704 (58.1) 646 (54.7) 611 (49.6)
High school or higher 168 (13.8) 363 (30.7) 685 (55.5) < 0.001
Overweight or obesity? 834 (68.8) 811 (68.6) 899 (73.0) 0.03
Moderate alcohol drinker” 945 (78.2) 818 (69.2) 739 (60.0) < 0.001
Physical activity” <0.001

Low 506 (61.1) 395 (51.3) 376 (44.9)

Moderate 151 (18.2) 147 (19.1) 200 (23.9)

High 171 (20.7) 228 (29.6) 261 (31.2)
Stress status < 0.001

Extremely stressful 72 (6.0) 72 (6.1) 60 (4.9)

Very stressful 273 (22.6) 253 (21.4) 238 (19.3)

Mildly stressful 479 (39.6) 589 (49.8) 673 (54.6)

Not stressful 386 (31.9) 270 (22.8) 261 (21.2)
Diabetes care

Use of oral hypoglycemic agents 1,008 (82.8) 988 (83.2) 958 (77.6) < 0.001

Diet therapy 503 (41.3) 481 (40.5) 542 (43.9) 0.2
Diabetes duration < 0.001

<1 year 86 (7.6) 72 (6.7) 98 (8.6)

1~ 3 years 196 (17.2) 206 (19.1) 247 (21.7)

3 ~ 5 years 180 (15.8) 181 (16.8) 203 (17.8)

5~ 10 years 272 (23.9) 297 (27.5) 298 (26.1)

>10 years 403 (35.4) 323 (29.9) 294 (25.8)

Values are n (%) or mean = standard error. T, Tertile

1) p-values were derived from a chi-square test or ANOVA
2) Body mass index (kg/m?) >23

3) Less than or equal to 1 ~ 2 drinks/day

4) Physical activity level was calculated as a weekly METs-hour, and it was categorized info < 20 METs-h/week as low, 20 ~ 39 METs-h/week

as moderate, and > 40 METs-h/week as high.
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Table 2. Nutrient intakes as a percentage of dietary reference intakes among pdtients with diabetes mellitus according to the household

income levels

Household income levels

% DRIs p-value
T1 T2 13

Energy 86.9 + 1.4° 91.6 = 1.4° 96.0 = 1.5° <0.001
Protein 1M1.5+1.7° 115.7 +1.3% 119.0 + 1.5° 0.004
Vitamin A 93.2 +4.2° 121.1 = 7.1° 116.1 + 6.3° <0.001
Thiamine 106.0 = 2.0° 114.7 = 2.1° 113.3 £1.,9° 0.004
Riboflavin 68.1 = 1.5° 77.5 = 1.8° 79.0 +1.7° <0.001
Niacin 90.5 + 1.4° 96.4 + 1.5° 99.1 +1.4° <0.001
Vitamin C 86.4 + 3.2° 100.0 + 3.0° 110.0 + 3.3° <0.001
Calcium 582 +1.8° 62.6 = 1.9%® 64.2 +1.6° 0.04
Phosphorus 145.1 = 1.9° 152.8 + 1.8° 154.9 + 2,0° 0.001
Iron 167.7 + 6.6 176.0 + 7.1 173.8 = 6.7 0.6
Sodium 314.6 + 7.4 3155 + 7.1 319.6 + 7.7 0.9
Potassium 73.8 = 1.2° 83.0 + 1.4° 83.9 = 1.3° <0.001
% of fotal energy

Carbohydrate 73.1 = 0.4° 72.1 +£0.4° 70.0 + 0.4° < 0.001

Fat 13.2 £0.3° 14.0 £0.3° 15.3 +0.3° < 0.001

Protein 13.7 £0.2° 140 £0.2° 14.7 £0.2° < 0.001

Values are presented as mean + standard error. DRIs, Dietary reference intakes; T, Tertile
Different letters indicate significant differences with tukey's multiple comparison test (p < 0.05).

Table 3. Fasting blood glucose and hemoglobin Alc levels among patients with diabetes mellitus according to the household income levels

n Fasting blood glucose (mg/dl) Hemoglobin Alc (%)
KNHANES p-value p-value
T2 13 T 12 73 T T2 T3
I 71 99 83 163.3 109 1591116 173.1x7.8 0.5 7.1 =03 69 +0.2 69 +02 0.8
II 50 49 51 129648 121.3+44 1263 +5.1 0.4 6.9+02 6.7 =02 7.0+0.2 0.7
m 95 107 85 128.4+45 1361 +37 133449 0.4 7.4+0.2 7.9 +0.2 7.9+03 0.1
v 357 318 359 1363+43 1346+32 133.6=%32 0.9 7.2 =0.1 7.2 =0.1 7.2 =0.1 0.9
Y 409 377 420 129437 1366+32 1357%35 0.2 7.2 =0.1 7.4 0.1 7.3 =0.1 0.7
VI 236 238 237 133.6 3.9 1344+38 129.0+3.9 0.4 7.3+0.2 7.3+0.1 7.2+0.2 0.6
p-trend 0.02 0.2 0.004 0.6 0.1 0.1

Values were adjusted for sex, age and use of medication. KNHANES, Korea National Health and Nutrition Examination Survey; T, Tertile
p-values were derived froon ANOVA and p for trends across tertiles of household income were calculated using linear regression model.



Journal of Nutrition and Health (J Nutr Health) 2019; 52(2): 206 ~216 /211
3ATH (Table 3). ZAPZE o] 013 of 1659He] A& ol A FAIE BT (p-trend = 0.004). FXHA5T15
FOI5 BARE A, £55F] 7P W OFe B A9 3REES APt mE o4 AFBAS
- A7) 2AF A= (1998)0]l= S5EG $F0] 1633+ Ho|X] YIQITh (p-trend = 0.2). HbALc] Ff-ol= 2 11
10.9 mg/dL3L, A|67] (2013~2014)0ﬂh 133.6+ 39 2oA RAP|ZF 9k o1&l AE R Fo]7} Tty

N

:

mg/dLZ F2]&e] T4 FAE BT (p-trend=0.02). & R k) (Table 3).

Swo] 7HE 2 AFolAE &2 FolE Hlrk Al F57] AT o] EY R 4 2AF e HR
7] (199®)°l= 5T <ol 173.1+£7.8 mgdLe|fle  a54Ee] wet Bjudt Aute} 2|3 W3} Fo] i
wh, Al67] (2013 ~2014)0l= 129.0+3.9 mg/dLE §-2]Z  Table 40] AASIGE 255 & o) vlu A=

Table 4. Systolic and diastolic blood pressure levels among patients with diabetes mellitus according fo the household income levels

Systolic blood pressure (MmHQ) Diastolic blood pressure (mmHQ)
KNHANES p-value p-value
Tl 2 13 T 2 13

i 144.7 £ 32% 1451 +2.7°  138.0+25° 0.03 80.9 £1.5%  84.4+13° 80.1 + 1.6° 0.02
il 141.2+ 3.0 138.6 2.6 134.9 +2.9 0.2 80.7 + 1.6 82316 792+1.4 0.3
I 1325+ 3.0 131018 128.1 £2.2 0.4 79.3 =14 795=1.0 77912 0.6
v 128.8 = 1.4 128.3 1.2 125.0+ 1.0 0.06 76.9 = 0.7 77.7 0.8 75.7 = 0.6 0.1

\% 127.4+1.2 1285+ 1.0 127.4 1.0 0.7 73.9 +0.7 739 0.6 74.6 0.6 0.6
VI 1250+1.2 1246 1.4 124.6 +1.2 0.9 731 =06 73.0=0.9 73.3+0.9 0.9
p-frend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values were adjusted for sex, age and use of medication. KNHANES, Korea National Health and Nutrition Examination Survey; T, Tertile
p-values were derived fromm ANOVA and p for frends across ferfiles of household income were calculated using linear regression model.
Different lefters indicate significant differences with tukey's multiple comparison test (p < 0.05).

Table 5. Lipid profiles of patients with diabetes mellitus according to the household income levels

Household income levels

KNHANES - - T3 p-value

Total cholesterol (mg/dL)
m 1945 +7.0 185.3 = 6.9 192.7 =75 0.3
v 189.0 + 4.3 183.9 £ 3.9 184.6 = 4.1 0.5
Vv 173528 1772 =25 171.7 £ 2.9 0.3
VI 172.1 £ 3.0 172.5 = 3.1 167.5 =238 0.4
p-trend < 0.001 0.1 < 0.001

HDL-cholesterol (mg/dL)
m 388+1.4 39.6+1.3 39.7+1.6 0.8
v 448 +1.0 454 1.0 440 +0.8 0.4
Vv 44.5 + 0.7 44.3 £ 0.9 43.3 0.7 0.5
VI 44,7 +1.0 449 +0.9 45.9 +0.8 0.5
p-trend 0.1 0.1 < 0.001

LDL-cholesterol (mg/dL)
m 117.2 = 6.0% 108.4 + 5.6° 118.2 = 5.5° 0.01
v 109.7 £ 3.7 110.5 £ 3.7 107.8 = 3.7 0.8
Vv 103.4 £5.6 104.9 = 4.1 104.3 = 6.2 0.9
VI 11056 7.9 103.5 = 6.2 103.3 =5.0 0.7
p-trend 0.4 0.5 0.01

Triglyceride (mg/al)
m 231.8 + 30.04 205.7 + 32.7 174.7 = 33.2 0.3
v 176.8 =11.39 167.4 =9.1 175.6 =9.8 0.7
Vv 157.6 = 8.44 177.8 =8.0 162.7 = 8.6 0.2
VI 1529 £ 8.13 156.6 = 10.2 163.6 = 9.6 0.9
p-trend 0.003 0.4 0.1

Values were adjusted for sex, age and use of medication. KNHANES, Korea National Health and Nutrition Examination Survey; T, Tertile;
HDL, High-density lipoprotein; LDL, Low-density lipoprotein

p-values were derived from ANOVA and p for frends across tertiles of household income were calculated using linear regression model.
Different letters indicate significant differences with Tukey's mulfiple comparison test (p < 0.05).
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