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Objectives: This study aimed to examine health-related characteristics and chronic disease
risk in middle-aged Koreans based on their fat energy intake ratio.

Methods: We analyzed data from 7,274 Koreans aged 40-64 years using the 7th (2016-
2018) Koreans National Health and Nutrition Examination Survey. Participants were classi-
fied into three groups based on their fat energy intake ratio: insufficient (< 15%), adequate
(15%-30%), and excessive (> 30%). We assessed their socio-demographic characteristics;
lifestyle characteristics; biochemical characteristics; quantitative and qualitative nutrient in-
takes, measured using dietary reference intakes for Koreans and index of nutrition quality
(INQ); and chronic disease risk.

Results: Significant differences were observed between the groups in age, sex, income, ed-
ucation, and residence region. The insufficient group had the highest proportion of older
adults, male, lower income, rural residents, and lower education levels. The groups differed
significantly in lifestyle characteristics, with the insufficient group having the highest rates
of no walking, heavy drinking, smoking, and poor subjective health perception. Biochemical
characteristics in the insufficient group exhibited the lowest levels for fasting blood glucose,
hemoglobin Alc, and triglycerides. Significant differences were found in both the quantita-
tive and qualitative intake of nutrients. The insufficient group had the lowest intake of most
nutrients except fiber, whereas the excessive group had the lowest fiber intake. Based on
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Fat energy ratio and chronic disease risk

the INQ, vitamin A and Ca were the lowest in the insufficient group, and vitamin C and folic
acid were the lowest in the excessive group. The risk of diabetes mellitus and metabolic
syndrome was highest in the deficient group, and the risk of liver cirrhosis was highest in

the excessive group.

Conclusion: Insufficient or excessive fat energy intake ratio negatively affects nutrient in-
take and chronic disease risk. Fat energy intake of 15%-30% is important for improving
nutrient intake and managing chronic diseases, such as diabetes mellitus, metabolic syn-
drome, and liver cirrhosis. We suggest that education and an appropriate social environ-
ment are necessary to ensure this fat energy intake.

Keywords: middle aged; fats; Korean National Health and Nutrition Examination Survey; di-
abetes mellitus; liver cirrhosis
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METHODS

Ethics statement

The informed written consent was obtained from each
participant. The study protocol was approved by the Insti-
tutional Review Board of Korea Disease Control and Pre-
vention Agency (approval number: 2018-01-03-P-A) and
was exempted from IRB review based on Bioethics and
Safety Actin 2016 and 2017.
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Table 1. Socio-demographic characteristics by dietary fat energy ratio

2

Variable < 15% 15%-30% > 30% Total X P
Age (years) (n=2,782) (n=3,773) (n=719) (n=17274) 194.865 <0.001
40-49 34.3 47.0 56.6 43.3
50-59 46.7 41.6 35.4 42.8
60-64 19.0 115 8.0 13.8
Sex (n=2,782) (n=3,773) (n=719) (n=7274) 9.176 0.030
Male 51.1 49.2 44.8 49.4
Female 48.9 50.8 55.2 50.6
Personal income (n=2,779) (n=23,765) (n=719) (n=7,263) 46.856 <0.001
Low 28.3 21.6 22.3 24.1
Middle-low 24.7 25.3 24.5 25.0
Middle-high 24.3 26.7 25.1 25.7
High 22.7 26.5 28.2 25.3
Residence region (n=2,782) (n=3,773) (n=719) (n=7274) 73.814 <0.001
Urban 81.6 88.6 89.7 86.2
Rural 18.4 114 10.3 13.8
Education level (n=2,647) (n =3,606) (n=687) (n =6,940) 374.793 <0.001
< Elementary 16.1 6.5 4.0 9.7
Middle 15.3 8.6 8.2 11.0
High 38.6 38.6 32.0 379
2 College 30.0 46.3 55.8 41.3
Marital status (n=2,782) (n=3,773) (n=719) (n=7274) 2.597 0.428
Married 94.2 95.0 94.0 94.6
Unmarried 5.8 5.0 6.0 5.4

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
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Table 2. Lifestyle characteristics by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
Walking (n=2,646) (n=3,605) (n=689) (n=6,940) 31.822 <0.001
Everyday 24.4 26.1 29.6 25.8
4-6 (days/week) 23.7 26.7 25.2 25.5
1-3 (days/week) 30.8 30.2 31.0 30.5
Never 21.1 17.0 14.2 18.2
Alcohol intake (glass) (n=2,755) (n=3,743) (n=716) (n=7214) 36.006 <0.001
0 235 21.3 20.0 22.0
1-2 25.0 28.2 315 27.4
3-6 271 304 26.8 28.9
>7 24.4 20.0 21.6 21.8
Smoking (n=2,753) (n=3,740) (n=716) (n=7,209) 14.914 0.042
Nonsmoker 54.6 56.9 61.0 56.5
Ex-smoker 21.5 221 20.3 21.7
Current smoker 23.9 21.0 18.6 21.8
Subjective health perception (n=2,655) (n=3,616) (n=690) (n=16,961) 50.070 <0.001
Good 24.9 30.8 32.2 28.8
Normal 55.9 54.8 5583 55.2
Bad 19.3 14.4 12.5 16.0
Married 94.2 95.0 94.0 94.6
Unmarried 5.8 5.0 6.0 54

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
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DISCUSSION
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Table 3. Biochemical characteristics by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
FPG (mg/dL) (n=2,709) (n =3,693) (n=702) (n=7104) 21.245 0.005
Diabetes (> 100) 10.3 77 7.6 8.6
Prediabetes (70-100) 334 313 30.5 32.0
Normal (< 70) 56.4 61.0 61.9 59.4
HbA1c (%) (n=2,700) (n =3,690) (n=699) (n =7,089) 22.154 0.003
Diabetes (= 6.5) 11.3 8.1 77 9.2
Prediabetes (5.7-6.4) 29.8 29.9 29.1 29.8
Normal (< 5.7) 58.9 62.0 63.3 61.0
BUN (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 1.355 0.870
High (> 22) 8.0 8.5 7.7 8.2
Normal (4-22) 92.0 91.5 92.3 91.7
Creatinine (mg/dL)" (n=2,709) (n =3,693) (n=702) (n=7,104) 4.997 0.376
High (> 1.2/1.1) 2.4 1.9 1.4 2.0
Normal (0.6-1.2/0.5-1.1) 96.5 97.2 97.9 97.0
Low (< 0.6/0.5) 1.2 0.9 0.7 1.0
Triglyceride (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 34.835 <0.001
Very high (= 500) 2.4 2.0 2.2 2.2
High (200-499) 20.8 15.6 16.0 175
Borderline (150-199) 14.4 14.3 13.4 14.3
Normal (< 150) 62.4 68.1 68.3 66.1
Total-cholesterol (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 5878 0.417
High (= 240) 12,5 13.0 12.9 12.8
Borderline (200-239) 33.7 36.0 33.8 34.9
Normal (< 200) 53.8 51.0 53.3 52.3
HDL-cholesterol (mg/dL) (n=2,709) (n=3,690) (n=702) (n=7,101) 11.781 0.059
High (= 60) 20.0 21.9 23.6 21.4
Borderline (40-59) 59.5 60.3 58.7 59.9
Low (< 40) 20.6 17.8 17.8 18.8
Hemoglobin (g/dL)" (n=2,700) (n =3,690) (n=699) (n =7,089) 3.672 0.591
High (> 17.5/16) 0.9 1.1 1.2 1.0
Normal (13.5-17.5/12-16) 91.2 89.8 90.7 90.4
Low (< 13.5/12) 8.0 9.0 8.2 8.6

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
“The reference values for each variable are presented separately for males and females.
FPG, fasting plasma glucose; HbAc, glycated hemoglobin; BUN, blood urea nitrogen; HDL-cholesterol, high density lipoprotein-cholesterol.
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Table 4. Quantitative nutrient intakes by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
Energy (n=2,782) (n=3,773) (n=719) (n=7274) 52.267 <0.001
<EER 61.1 56.4 46.4 571
> EER 38.9 43.6 53.6 429
Carbohydrate (n=2,782) (n=3,773) (n=719) (n=17274) 72.487 <0.001
<EAR 0.5 0.7 3.1 0.9
> EAR and < RNI 2.7 2.3 5.7 2.8
> RNI 96.8 97.0 91.2 96.3
Protein (n=2,782) (n=3,773) (n=719) (n=7274) 426.653 <0.001
< EAR 313 14.5 9.5 20.1
2 EAR and < RNI 17.9 14.8 9.1 15.4
2 RNI 50.9 70.7 81.4 64.5
Fiber (n=2,782) (n=3,773) (n=719) (n=17,274) 11.648 0.012
<Al 51.1 48.5 54.8 50.0
> Al 48.9 51.5 45.2 50.0
Vitamin A (n=2,782) (n=3,773) (n=719) (n=7274) 249.593 <0.001
< EAR 85.2 717 63.4 75.7
> EAR and < RNI 8.9 15.5 17.8 13.3
2 RNl and < UL 5.9 12.5 17.5 10.6
> UL 0.0 0.3 1.3 0.3
Thiamin (n=2,782) (n=3,773) (n=719) (n=7,274) 64.254 <0.001
< EAR 33.0 25.8 27.7 28.6
> EAR and < RNI 17.8 15.4 14.3 16.1
> RNI 49.2 58.8 58.0 55.2
Riboflavin (n=2,782) (n=3,773) (n=719) (n=7274) 900.708 <0.001
<EAR 50.9 21.7 11.2 31.2
> EAR and < RNI 12.4 10.3 6.3 10.7
> RNI 36.7 68.0 825 58.1
Niacin (n=2,782) (n=3,773) (n=719) (n=7274) 297.528 <0.001
< EAR 54.2 38.3 29.2 43.2
> EAR and < RNI 21.2 23.8 19.6 225
2 RNl and < UL 23.7 36.5 47.7 32.9
2 UL 0.9 1.4 3.6 1.4
Folate (n=2,782) (n=3,773) (n=719) (n=17,274) 52.370 <0.001
<EAR 53.5 45.7 50.4 49.0
> EAR and < RNI 18.3 18.2 179 18.2
> RNl and < UL 27.6 35.6 31.3 32.3
> UL 0.6 0.5 0.4 0.5
Vitamin C (n=2,782) (n=3,773) (n=719) (n=17,274) 14.133 0.033
<EAR 74.0 70.2 70.3 71.6
> EAR and < RNI 9.7 121 111 114
> RNI 16.3 17.7 18.6 17.3
Ca (n=2,768) (n=3,710) (n=696) (n=7174) 254.991 <0.001
< EAR 78.5 60.3 60.0 66.9
2 EAR and < RNI 10.7 18.1 19.7 15.5
2 RNl and < UL 10.5 21.2 19.9 171
> UL 0.3 0.5 0.5 0.4
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Table 4. Continued

Variable <15% 15%-30% >30% Total X P

P (n=2,782) (n=3,773) (n=719) (n=7,274) 242.030 <0.001
< EAR 16.9 7.2 4.6 10.5
> EAR and < RNI 113 7.6 6.1 8.8
= RNI 71.8 85.3 89.2 80.7

Fe (n=2,782) (n=3,773) (n=719) (n=7,274) 31.844 0.002
< EAR 28.0 22.9 225 24.8
> EAR and < RNI 15.8 15.2 14.6 154
> RNl and < UL 55.7 61.6 62.5 59.6
> UL 0.4 0.2 0.4 0.3

K (n=2,782) (n=3,773) (n=719) (n=7,274) 24.960 <0.001
<Al 735 68.3 66.4 70.0
2 Al 26.5 317 33.6 30.0

Na (n=2,782) (n=3,773) (n=719) (n=7,274) 69.401 <0.001
<Al 14.3 10.0 11.6 11.7
> Al and < CDRR 20.6 15.7 15.3 17.4
> CDRR 65.1 74.4 73.1 70.9

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
EER, estimated energy requirement; EAR, estimated average requirement; RNI, recommended nutrition intake; Al, adequate intake; UL, tolerable up-

per intake level; CDRR, chronic disease risk reduction intake.

Table 5. Qualitative nutrient intakes by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total F p
(n=2,782) (n=3,773) (n=719) (n=7274)

INQ
Carbohydrate 2.71+0.01° 2.38+0.01° 1.80 + 0.02° 2.29+0.01 754.096 <0.001
Protein 1.19 +0.01° 1.36 +0.01° 1.43 £ 0.02° 1.33+0.01 147.364 <0.001
Vitamin A 0.49 + 0.01° 0.64 +0.01° 0.74 + 0.04° 0.62 +0.01 69.386 <0.001
Vitamin C 0.75 + 0.02° 0.70 + 0.02° 0.62 +0.03" 0.69 +0.01 8.539 <0.001
Thiamin 118 +0.01° 1.25 +0.01° 1.26 + 0.03° 1.23+0.01 12.682 0.016
Riboflavin 1.04 +0.01° 1.33+0.01° 1.47 £ 0.02° 1.28 £+ 0.01 310.485 <0.001
Niacin 0.91 +0.01° 0.97 £+ 0.01° 1.03 + 0.02° 0.97 £0.01 28.677 <0.001
Folate 0.94 +0.01° 0.95 + 0.01° 0.83+0.02° 0.90+0.01 25.261 <0.001
Ca 0.68 + 0.01° 0.80 + 0.01° 0.76 £ 0.02° 0.75+0.01 53.135 <0.001
P 1.52 +0.01° 1.69 + 0.01° 1.70 + 0.02° 1.64 £0.01 89.699 <0.001
Fe 1.31+0.02 1.34 £0.01 1.30 £0.02 1.32+£0.01 1.697 0.361

Mean + SD.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
Different superscript letters in a row indicate significant difference at a = 0.05 based on a Bonferroni multiple comparison.

INQ, index of nutrition quality.
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Table 6. Odds ratio for chronic disease by dietary fat energy ratio

Variable < 15% (n = 2,782) 15%-30% (n = 3,773) >30% (n = 719) P
Dyslipidemia 1.03 (0.89-1.20)"? 1.00 (reference) 0.99 (0.77-1.26) 0.908
Stroke 1.50 (0.90-2.40) 1.00 1.62 (0.74-3.57) 0.222
Myocardial infarction/angina 1.49 (0.96-2.33) 1.00 0.98 (0.44-2.20) 0.182
Hypertension 1.15 (0.98-1.34) 1.00 1.01(0.78-1.32) 0.231
Diabetes 143 (1.16-1.76) 1.00 0.94 (0.63-1.42) 0.002
Cancer 1.25 (0.72-2.15) 1.00 0.37 (0.10-1.31) 0.117
Cirrhosis 3.62(1.35-9.73) 1.00 5.83 (1.24-27.39) 0.027
Metabolic syndrome 1.28 (1.12-1.45) 1.00 1.13(0.91-1.41) 0.001
Obesity 0.97 (0.86-1.10) 1.00 1.19 (0.98-1.44) 0.156

Y0dds ratio and 95% confidence interval were calculated using logistic regression analyses.

IAdjusted for age and sex.
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