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ABSTRACT

Recent studies have shown that high consumption of processed meat may be associated with increasing risk of meta-
bolic syndrome, which have been suggested as a predictor of diabetes and cardiovascular disease. However, limited
studies have investigated this association in Korean population. The purpose of this study was to investigate the cross-
sectional association between processed meat/unprocessed (beef, pork, chicken) intakes and the prevalence of metabol-
ic syndrome. Using data from 2007-2008 Korean National Health and Nutrition Examination Survey (KNHANES),
we analyzed data including 5,545 men and women who were aged older than 20 years, and who were free of chronic
disease such as hypertension, type 2 diabetes and cardiovascular disease. Subjects who frequently consumed processed
meat tended to be younger and more likely to be current smokers. In addition, men were more likely to consume pro-
cessed meat than women. Although higher processed/unprocessed meat intakes were significantly associated with the
lower risk of metabolic syndrome in a crude model, these associations were no longer significant after adjustment for
potential confounding factors. For example, comparing subjects in the highest intake quartile of processed meat with
the lowest intake group, the multivariate-adjusted odds ratio (OR) of metabolic syndrome was 0.92 (95% CI: 0.58-1.46)
for processed meat, 1.09 (95% CI: 0.76-1.56) for beef, 1.10 (95% CI: 0.74-1.62) for pork and 0.75 (95% CI: 0.51-1.12) for
chicken. In conclusion, we found no evidence of any adverse effects of frequent processed or unprocessed meat intakes
on the prevalence of metabolic syndrome among Korean adults at the exposure levels seen in this study. (Korean J Nutr

2011; 44(5): 406 ~ 415)
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Table 1. General characteristics of subjects by age (n = 5,545)
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Age (year)
20-29 30-39 40-49 50-59 60 < p-value
Sex (%) 0.5
Men 37 34 37 38 45
Women 63 66 63 62 55
Smoking status (%) <.0001
Never 61 63 64 64 57
Former 13 15 15 19 27
Current 26 22 21 17 16
Alcohol consumption (%) <.0001
Never 14 19 22 33 43
< 1/month 35 36 31 31 23
2-4/month 35 26 24 15 11
2-3/week 13 16 16 12 10
> 4/week 3 3 7 9 13
Physical activity (%) <.0001
Low 42 47 41 41 57
Moderate 50 45 50 50 37
Active 8 8 9 9 6
Income (%) 0.7
Low 25 22 24 24 26
Mid-low 25 26 24 26 24
Mid-high 26 27 26 26 25
High 25 25 26 24 25
Education (%) <.0001
Middle school graduation or less 3 4 24 62 84
High school graduation 53 47 47 27 10
College or more 44 49 29 11 6
Table 2. Metabolic risk factors by age
Age (year)
p trend
20-29 30-39 40-49 50-59 60 <
BMI (kg/m?) 23 23 24 24 23 <.0001
Waist circumference (cm) 77 79 81 83 82 <.0001
Fasting blood glucose (mg/dL) 87 91 93 94 95 <.0001
Triglycerides (mg/dL) 98 123 135 131 137 <.0001
Total cholesterol (mg/dL) 171 180 188 197 195 <.0001
HDL-cholesterol (mg/dL) 51 49 48 48 47 <.0001
Systolic blood pressure (mmHg) 107 108 112 116 123 <.0001
Data are presented as adjusted means for sex
o (p-value < 0.0001), o1 dHEth= o] S7FaES B & HAR HtgkS Table 50 AABIGIH: S71-#2 3 2o
245 A3 (p-value = 00002). BA FG sH= AlRE 7 W ol AT ARHES 79) wix) g ARHET} vl
Y45 (p-value < 0.000D), W5 #E0] HSTE (p-value < to] T FHAEHE 0] o =2 A (p trend = 0.02)
0.0001) 7}s#< H A= AdFshe Ao Hairh < 23O, BMI (p trend = 0.7), 321 (p trend = 0.5),
At T =8 A7 A9E S7heE AR RlEel FEES (p trend = 0.6), S/3A% (p trend = 0.9), HDL-Z
wet PEAGT, T A SITIRAIS ol gFte] AE Y HAEIE (b trend = 06), HF $57] e (p trend =07)&
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Table 3. Dietary intakes of subjects by age: The 24-hour recall data

Age (year)
N p frend
20-29 30-39 40-49 50-59 60 <
Meat intakes
Processed meat (g/day) 606 37 35 24 24 36 0.007
Beef (g/day) 1,783 43 51 50 50 50 0.2
Pork (g/day) 2,059 84 61 66 64 73 0.04
Chicken (g/day) 606 116 117 113 120 98 0.5
Nutrient intakes

Protein (g/day) 5,545 67 67 66 66 60 <.0001
Fat (g/day) 5,545 44 39 34 30 28 <.0001
Carbohydrate (g/day) 5,545 270 287 298 314 315 <.0001
Fiber (g/day) 5,545 6 7 8 8 7 <.0001
Ca (mg/day) 5,545 436 468 480 502 445 0.04
P (mg/day) 5,545 1037 1088 1109 1145 1069 0.0002
Na (mg/day) 5,545 4422 4800 5153 4920 4444 0.04
Fe (mg/day) 5,545 12 13 14 15 13 <.0001
K (mg/day) 5,545 2584 2842 3033 3094 2772 <.0001
Niacin (mg/day) 5,545 15 15 15 15 14 0.4
Vitamin A (UgRE/day) 5,545 680 791 782 774 667 0.8
Vitamin Bi (mg/day) 5,545 1.3 1.2 1.2 1.2 1.1 <.0001
Vitamin B2 (mg/day) 5,545 1.1 1.1 1.1 1.0 0.9 <.0001
Vitamin C (mg/day) 5,545 92 101 106 105 95 0.07

Data are presented as adjusted means for total energy intake (kcal/day) and sex
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Table 4. General characteristics of subjects according to the frequency of processed meat intake (n=5,545)

Frequency of processed meat intake

p value
Rarely 1-3/month 1/week > 2/week
Age (%) <.0001
20-29 6 20 29 34
30-39 15 44 45 44
40-49 24 23 20 16
50-59 22 8 4 4
60 < 33 5 2 2
Sex (%) 0.0002
Male 37 36 41 41
Female 63 64 59 59
Smoking status (%) <.0001
Never 64 62 58 56
Former 18 17 17 13
Current 18 21 25 31
Alcohol consumption (%) <.0001
Never 32 19 17 17
< 1/month 29 35 32 31
2-4/month 18 27 32 28
2-3/week 12 14 16 19
> 4/week 9 5 3 5
Physical activity (%) 0.04
Low 48 45 44 40
Moderate 44 47 48 50
Active 8 8 8 10
Income (%) 0.03
Low 26 24 16 23
Mid-low 26 22 25 26
Mid-high 25 27 31 24
High 23 27 28 27
Education (%) <.0001
Middle school 51 14 6 6
graduation or less
High school graduation 31 45 46 49
College or more 18 41 48 45
Table 5. Metabolic risk factors according to the frequency of processed meat intake
Frequency of processed meat intake
p tfrend
Rarely 1-3/month 1/week > 2/week
BMI (kg/m?) 23 23 23 23 0.7
Waist circumference (cm) 81 80 81 80 0.5
Fasting blood glucose (mg/dL) 92 92 92 92 0.6
Triglycerides (mg/dL) 127 125 120 130 0.9
Total cholesterol (mg/dL) 185 188 186 189 0.02
HDL-cholesterol (mg/dL) 49 49 48 49 0.6
Systolic blood pressure (mmHg) 113 113 113 113 0.7

Data are presented as adjusted means for sex and age (year)
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Table 6. Dietary intakes according fo the frequency of processed meat intake: The 24-hour recall data

Frequency of processed meat intake

N p trend
Rarely 1-3/month 1/week >2/week
Meat intakes
Processed meat (g/day) 606 26 28 26 32 0.5
Beef (g/day) 1783 51 46 46 56 0.5
Pork (g/day) 2059 72 61 63 59 0.2
Chicken (g/day) 606 128 97 94 99 0.2
Nutrient intakes

Protein (g/day) 5545 65 66 65 67 0.2
Fat (g/day) 5545 34 36 38 40 <.0001
Carbohydrate (g/day) 5545 300 295 294 284 0.001
Fiber (g/day) 5545 8 7 7 6 <.0001
Ca (mg/day) 5545 478 446 465 461 0.4
P (mg/day) 5545 1104 1076 1073 1085 0.2
Na (mg/day) 5545 4853 4773 4682 4621 0.03
Fe (mg/day) 5545 14 13 13 13 0.001
K (mg/day) 5545 2976 2788 2813 2659 <.0001
Niacin (mg/day) 5545 15 15 15 15 0.8
Vitamin A (ugRE/day) 5545 768 721 770 642 0.01
Vitamin Bi (mg/day) 5545 1.2 1.2 1.2 1.1 0.07
Vitamin B2 (mg/day) 5545 1.1 1 1.1 1.1 0.7
Vitamin C (mg/day) 5545 105 97 99 84 <.0001

Data are presented as adjusted means for total energy intake (kcal/day), sex and age (year)
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Table 7. Association between processed/unprocessed meat intakes and prevalence of metabolic syndrome

Frequencies of meat consumption

Rarely 1-3/month 1/week > 2/week p tfrend
OR OR 95% ClI OR 95% Cl OR 95% Cl
Processed meat
Model 1 1 0.68 (0.56-0.83) 0.46 (0.34-0.63) 0.50 (0.35-0.73) <.0001
Model 2 1 1.12 (0.89-1.41) 0.88 (0.62-1.23) 0.99 (0.67-1.48) 0.7
Model 3 1 1.19 (0.92-1.54) 0.81 (0.55-1.19) 0.93 (0.58-1.47) 0.4
Model 4 1 1.19 (0.92-1.53) 0.83 (0.57-1.22) 0.92 (0.58-1.46) 0.4
Beef
Model 1 1 0.80 (0.65-0.99) 0.66 (0.51-0.84) 0.59 (0.44-0.79) 0.0004
Model 2 1 1.07 (0.86-1.33) 1.00 (0.77-1.30) 1.01 (0.73-1.40) 0.6
Model 3 1 1.07 (0.86-1.34) 1.03 (0.79-1.3¢) 1.04 (0.73-1.48) 0.7
Model 4 1 1.08 (0.87-1.3¢) 1.07 (0.81-1.42) 1.09 (0.76-1.56) 0.9
Pork
Model 1 1 0.81 (0.60-1.09) 0.68 (0.50-0.93) 0.61 (0.44-0.84) 0.007
Model 2 1 1.09 (0.78-1.53) 1.12 (0.79-1.60) 1.11 (0.78-1.59) 0.7
Model 3 1 1.1 (0.77-1.60) 1.09 (0.75-1.59) 1.07 (0.73-1.5¢) 0.9
Model 4 1 1.10 (0.76-1.60) 1.11 (0.76-1.62) 1.10 (0.74-1.62) 0.9
Chicken
Model 1 1 0.60 (0.50-0.72) 0.50 (0.38-0.65) 0.37 (0.27-0.50) <.0001
Model 2 1 0.89 (0.72-1.11) 0.94 (0.69-1.27) 0.77 (0.54-1.10) 0.1
Model 3 1 0.92 (0.72-1.18) 0.94 (0.67-1.33) 0.73 (0.49-1.08) 0.051
Model 4 1 0.93 (0.72-1.20) 0.96 (0.68-1.37) 0.75 (0.51-1.12) 0.07

Model 1: Unadjustment, Model 2: Adjustment for age (year), sex and income (low, mid-low, mid-high, high), Model 3: Additional
adjustment for alcohol consumption (never, <1/month, 2-4/month, 2-3/week, >4/week), smoking status (never, former, current),
physical activity (low, moderate, active) and BMI (kg/m?), Model 4: Model 3 + Additional adjustment for total energy (kcal/day),
fat (g/day), carbohydrate (g/day), fiber (g/day), Na (mg/day), Fe (mg/day), K (mg/day), vitamin A (ugRE/day), vitamin C (mg/

day) intakes
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