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ABSTRACT

Purpose: There have been limited studies investigating the relationship between high—sensitivity C—reactive protein (hsCRP),
metabolic diseases, and dietary factors in Korean adults, Here, we examined the association between nutrient intake and
serum hsCRP among Korean adults, Methods: Using data on 2,624 healthy Korean adults (1,537 women and 1,087 men) from
the 2015 Korea National Health and Nutrition Examination Survey, demographic, anthropometric, biochemical, and dietary
factors were analyzed once the subjects were grouped into either sex, age, or BMI, Nutrient intake was evaluated using the
dietary data obtained by one—day 24—hour recall. Based on the guidelines of the US Centers for Disease Control and
Prevention and the American Heart Association, hsCRP level was classified as HCRPG (High CRP Group, hsCRP ) 1 mg/L) and
LCRPG (Low CRP Group, hsCRP < 1 mg/L). Proc surveyreg procedure was performed to examine the associations between
nutrient intake and hsCRP after adjustment for potential confounding variables, Results: The average hsCRP level of healthy
Korean adults was 0,95 & 0.03 mg/L (0.97 = 0.04 mg/L in men, 0.92 £0.05 mg/L in women). Obese subjects had significantly
higher hsCRP than non—obese subjects in both sexes. The hsCRP level was positively associated with current smoking,
physical inactivity, BMI, waist circumference, fasting blood glucose, triglycerides, total cholesterol, LDL—cholesterol, and blood
pressure and inversely associated with HDL—cholesterol. LCRPG had significantly higher intake of dietary fiber compared to
HCRPG in women, High hsCRP level was associated with more dietary cholesterol intake but less omega—3 fatty acid intake
among subjects aged = 50y. HCRPG of obese subjects had higher intakes of fat and saturated fatty acid than LCRPG,
Conclusion: The hsCRP level is closely associated with several lifestyle variables and nutrient intake in healthy Korean
adults. Individuals with high hsCRP level show low intakes of dietary fiber and omega—3 fatty acids but high intakes of dietary
fat and cholesterol. Our findings suggest that a potential anti—inflammatory role for nutrients and lifestyle in the Korean adult
population,
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Excluded age < 19 years old
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Excluded due to following conditions \

diagnoses on diabetes,

hypertension, dyslipidemia, cancer

or drug on dyslipidemia,

hypertension (n=1,747)

pregnant or breastfeeding (n=72)
fasting time<8hr (n=497)

500>daily calorie intake>5,000
(n=502)

hsCRP>10mg/L (n=51) ;

Excluded due to missing data

(n=1,435)
ADULTS
n=5.945
(n=2,869) |
n=3,076
(n=452) R
A

Study population n=2,624
Women (n=1,537)
Men (n=1,087)

Fig. 1. Flow chart of study subject’s selection
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Table 1. General characteristics of subjects by sex
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25 W@t (Fig. 2). o= h= o], 504 njit
2ol 504 ol4ol, AAAIE Hoks gk BMI 225
kg/m’)2l iAo A CRP 4227} ] &9tom, £3] nqt
ol Feke 1 o)7L fo) & o|gitt (Fig. 2A). o147} H4
Zk7ke) Aetol A ujule] agats Hehe] CRP7L 9]
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o2 B4t} (Fig 2B). IAAE] A=dd CRPY| 4%

ALL (n = 2,624) WOMEN (n =1,537) MEN (n = 1,087) p value"
Sex (%)
Women 49.4?
Age (%) 0.2908
> 50 yr 29.0 29.9 28.1
Education (%) 0.0030
Elementary 8.1 9.8 6.4
Lower secondary 7.2 8.1 6.3
Upper secondary 39.9 38.7 41.1
College or more 44.8 43.4 46.2
Income (%) 0.5229
Lowest 21.9 20.8 22.9
Medium-low 25.2 25.2 25.1
Medium-high 26.7 26.7 26.7
Highest 26.3 27.3 25.3
Obesity (%) < 0.0001
Yes® 300 22.4 37.4
Current smoking (%) < 0.0001
Yes 21.8 4.8 38.4
Current alcohol use (%) 0.0071
Yes 55.7 52.6 58.8
Physical activity (%) < 0.0001
Yes 63.0 49.2 76.3
Waist circumference (cm) 81.0+029 76.7 = 0.3 85.4 +0.3 < 0.0001
Fasting blood glucose (mg/dL) 94.7 £0.4 925+04 96.7 £ 0.6 < 0.0001
Serum friglycerides (mg/adl) 131.3 =26 101.2+1.8 160.6 = 4.7 < 0.0001
Serum fotal-Cholesterol (mg/dlL) 192.6 =0.8 191.56 0.9 193.7 £0.2 0.1614
Serum HDL-Cholesterol (mg/dlL) 52.2 +0.3 56.9 £0.4 478 +0.4 < 0.0001
Serum LDL-Cholesterol (mg/dL) 116.3 0.7 113.6 0.8 119.0 1.1 < 0.0001
Systolic blood pressure (mmHQ) 1140+=04 110.6 +0.4 117.3 £0.5 < 0.0001
Diastolic blood pressure (mmHg) 74.9 = 0.3 72.1 0.3 77.7 =04 < 0.0001

1) p-value were obtained by chi-square fest or t-test.
means =+ SE.

2) Data were represented %.

3) BMI > 25.0 kg/m?  4) Data were represented
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Fig. 2. Distribution of hsCRP levels by sex (A, B, C, D), obesity (A, B) and age (A, C, D). Normal: BMI < 25.0 kg/m?, Obesity: BMI > 25.0
kg/mz, yr: years old. hsCRP levels are expressed as mean = SE. p-value was based on the result from the t-test. *p < 0.05, ***p < 0.001
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Table 3. Nutrient infakes of subjects by sex and CRP group

WOMEN (n = 1,537) MEN (n = 1,087)
LCRPG" HCRPG? p value’ LCRPG HCRPG p value®
(n=1,185) (n = 352) (n = 781) (n = 306)
Daily intake
Energy (keal) 1,822 = 23% 1,840 = 41 0.2625 2,475 + 37 2,500 + 60 0.6765
% Energy from carbohydrate 64.2 + 0.4 64.0 0.7 0.2114 62.5 0.4 63.2+0.7 0.3842
% Energy from protein 145 +0.1 145+0.3 0.8553 152 0.2 15103 0.2552
% Energy from fat 21.3+0.3 21.6 +0.5 0.1497 22.3 + 0.4 21.8 +0.6 0.6868
(m)g/1,000 keal
Carbohydrate 156.7 = 1.1 1573+ 1.8 0.3232 145.9 + 1.4 149.0 = 2.1 0.1432
Profein 35.1 £ 0.3 35.3 + 0.7 0.8066 35.1 0.5 34.9 + 0.6 0.4312
Fat 23.0+0.3 23.4 + 0.6 0.1351 23.0 + 0.4 22,6 +0.6 0.9090
Dietary fioer 12.6 0.2 12.1 = 0.4 0.0041 104 =02 11.0+03 0.2506
Saturated fatty acid 6.7 0.1 6.8 +0.2 0.2671 6.7+ 0.1 6.5+02 0.8456
Monounsaturated fatty acid 7.3%0.1 7.3+02 0.5242 7.4 02 72+02 0.9967
Polyunsaturated fatty acid 5.7 0.1 5.7 +0.2 0.2369 5.5+ 0.1 55+ 0.2 0.8775
Omega-3 fatty acid 0.8 0.0 0.8 0.0 0.5419 0.8 + 0.0 0.8 0.0 0.5688
Omega-6 fatty acid 4.8+0.1 5.0+ 0.2 0.1604 48+0.1 48+02 0.7247
Cholesterol® 187.2 = 4.1 1475+75 0.1515 129.4 = 4.2 133.1 =59 0.8414

1) LCRPG: Low CRP Group (hsCRP < 1 mg/L) 2) HCRPG: High CRP Group (hsCRP > 1 mg/L) 3) Adjusted for age (confinuous), BMI
(continuous), income (lowest, medium-low, medium-high, or highest), smoking status (yes or no), alcohol consumption (yes or no) and
physical activity (yes or no)  4) Nutrient infakes were estimated by 24-hour recall method and data were represented mean =+ SE.

5) mg/1,000 kecal

Table 4. Nutrient infakes of subjects by age and CRP group

AGE <50 (n=1,557) AGE > 50 (n = 1,067)
LCRPG" HCRPG? p value’ LCRPG HCRPG p value’
(n=1.212) (n = 345) (n = 754) (n=313)
Daily intake
Energy (kcal) 2,165 + 28 2,264 + 53 0.1989 2,077 + 35 2,101 £ 57 0.6897
% Energy from carbohydrate 61.4+0.4 61.5+0.6 0.9335 68.4 + 0.5 67.7 = 0.8 0.7198
% Energy from protein 15.1 £0.1 149 £0.3 0.2367 142 0.2 14.6 £0.3 0.2716
% Energy from fat 23.5+0.3 23.6 +0.5 0.4084 174 0.4 17.7 £ 0.6 0.9573
(m)g/1,000 keal
Carbohydrate 146.2 1.1 147.8 1.7 0.4120 1650+ 1.4 162.4 =24 0.6867
Protein 355+0.4 35.3+0.6 0.4060 340+0.4 345+0.7 0.4126
Fat 24.7 £ 0.3 25.1 +0.5 0.1702 18.6 £ 0.4 18.6 £ 0.6 0.8857
Dietary fiber 105 £0.2 10.6 £ 0.3 0.7479 142 £0.3 13.2+0.3 0.0634
Saturated fatty acid 7.3 0.1 7.4x0.2 0.2802 50=0.1 52+0.2 0.8174
Monounsaturated fatty acid 8.0+0.1 8.0+0.2 0.4688 57 +0.2 56 0.3 0.7297
Polyunsaturated fatty acid 58 +0.1 60=0.2 0.1078 50+0.1 4.7 £0.2 0.2208
Omego-3 fatty acid 0.8 +0.0 0.8+0.0 0.8466 0.8+0.0 0.7 0.0 0.0343
Omego-6 fatty acid 5.1+0.1 53+0.2 0.0744 42+0.1 40+0.2 0.3809
Cholesterol” 144.9 = 4.0 145.9 £ 6.1 0.9308 103.2+3.5 126.3+7.4 0.0032

1) LCRPG: Low CRP Group (hsCRP < 1 mg/L) 2) HCRPG: High CRP Group (hsCRP > 1 mg/L) 3) Adjusted for sex (women or men), BMI
(continuous), income (lowest, medium-low, medium-high, or highest), smoking status (yes or no), alcohol consumption (yes or no) and
physical activity (yes or no)  4) Nutrient infakes were estimated by 24-hour recall method and data were represented mean =+ SE.

5) mg/1,000 kcal

o= HCRPGE] Alo]§ HFo] LCRPG Hr} 995  o1e CRP IS0 M2 IYA MY bl
O vre o et (p-00041). AW HHY F AT GAHS S04 HER o] CRP 18] et of
9 oux @ goph MH7F CRP TF) ket £:002 4 VXt R HHFS wlwstick (Table 4). 504] o]4)

o] Holx] ¥ttt 9] iAol A LCRPGEtF HCRPG©] 1,000 keald 2]
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Table 5. Nutrient infakes of subjects by BMI and CRP group

BMI < 25 kg/m? (n = 1,859)

BMI >25 kg/m’ (n = 765)

LCRPG" HCRPG? p value’ LCRPG HCRPG p value®
n=1518) (n = 341) (n = 448) n=317)
Daily intake
Energy (keal) 2,130 + 26" 2,165 + 55 0.8715 2,176 + 49 2,254 + 59 0.1684
% Energy from carbohydrate 63.2+0.3 64.7 0.6 0.3694 63.8 =06 62.4+0.8 0.2020
% Energy from protein 14.7 0.1 147 03 0.6174 15.4 0.3 14903 0.1306
% Energy from fat 222 +0.3 20.6 + 0.5 0.1214 20.8 + 0.5 22.7 0.7 0.0270
(m)g/1,000 keal
Carbohydrate 151.1 = 1.0 1555 = 1.9 0.1969 152.4 = 1.7 149.8 = 2.3 0.4012
Profein 34.7 +0.3 34.9 + 0.6 0.4400 36.4 0.7 35.2 +0.7 0.1554
Fat 23.3+0.3 21.9+0.5 0.2903 21.8 + 0.5 24.0 +0.7 0.0142
Dietary fioer 11.4+02 11.4=03 0.3561 11.9+03 11.5+03 0.7780
Saturated fatty acid 6.8 +0.1 6.4+0.2 0.5787 6.2 +0.2 70+02 0.0286
Monounsaturated fatty acid 75+0.1 6.8 +0.2 0.0662 6.9+ 0.2 77+03 0.0705
Polyunsaturated fatty acid 5.7 0.1 5.4+ 0.2 0.4469 5.3+ 0.2 5.8 +0.2 0.1114
Omega-3 fatty acid 0.8 0.0 0.7 +0.0 0.0578 0.8 + 0.0 0.8 0.0 0.5923
Omega-6 fatty acid 4.9 +0. 4.7 +02 0.6685 4.6 +0.2 5.0+ 0.2 0.0874
Cholesterol® 134.2 = 3.4 1825+ 65 0.5917 130.8 = 6.6 1462 = 6.9 0.2420

1) LCRPG: Low CRP Group (hsCRP < 1 mgiL)

2) HCRPG: High CRP Group (hsCRP > 1 mgil)

3) Adjusted for age (continuous), sex (women

or men), income (lowest, medium-low, medium-high, or highest), smoking status (yes or no), alcohol consumption (yes or no) and physical

activity (yes or no)
5) mg/1,000 kecal
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