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Abstract

The purpose of this study was to investigate the relationship between frequency of coffee consumption, metabolic
biomarkers, and nutrition intake in adult participants in the combined 2007~2009 Korean National Health and Nutrition
Examination Survey (KNHANES). Subjects (2,095 males and 3,297 females) were classified according to sex and frequency
of coffee consumption (<1 time/month, >2 times/month and <6 times/week, 1 time/day, 2 times/day, 3 times/day) using
food frequency questionnaires. Nutrition intake was analyzed using 24 h recall data. The 3 times/day coffee consumption
group had a significantly higher age, and frequency of smokers and drinkers compared to the <1 time/month coffee
consumption group in both male and female participants. Males in the 3 times/day coffee consumption group had a
significantly lower HDL-cholesterol level, but females had a higher waist circumference compared with the <1 time/month
coffee consumption group. Males in the 3 times/day coffee consumption group had a significantly lower nutrient density
of fiber, vitamin B,, vitamin C, calcium and phosphorus compared with the <1 time/month coffee intake group. Females
in the 3 times/day coffee consumption group had a significantly higher nutrient density of fat and niacin, but lower nutrient
density of carbohydrate, calcium, phosphorus, and iron compared with the <1 time/month coffee intake group. In males,
the frequency of coffee consumption was not associated with the levels of metabolic biomarkers. In females, the frequency
of coffee consumption was positively associated with diastolic blood pressure after adjustments for multiple confounding
factors, including age, BMI, smoking status, alcohol consumption, physical activity and energy intake. Coffee consumption
was associated with decreased diastolic blood pressure in females. These findings suggest the importance of an awareness
of the association between coffee consumption and metabolic risk.
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Table 1. General characteristics of subjects according to the frequency of coffee consumption
Male <1 time/month ZZ;;m:;it;c;:;l;esnd 1 time/day 2 times/day 3 times/day P
(n=2,095) (n=297) o (n=345) (n=414) (n=439) (n=600) value
Age (yrs) 34.83+0.87" 36.25+0.73 39.5140.65 42.224+0.67 41.33+0.43 <.0001
19~29 47.42(40.42,54.53)? 39.39(33.27,45.85) 25.12(19.78,31.34) 12.63( 8.85, 17.72)  9.26( 6.60, 12.84)
30~49 34.64(28.51,41.33) 41.56(35.41,47.99) 53.98(47.79,60.05) 60.23(54.79, 65.43) 69.56(65.57, 73.28) <.0001
50~64 17.94(13.87,22.88)  19.05(15.26, 23.53)  20.90(17.09,25.30) 27.14(22.63, 32.18) 21.18(18.04, 24.70)
Body mass index (kg/m?) 23.39+0.20 24.06+0.19 23.79+0.17 23.88+0.16 23.92+0.15 0.1477
. Never  40.17(34.38,46.25) 29.57(24.37,35.37) 16.81(12.98,21.51) 17.41(13.84, 21.67) 9.79( 7.54, 12.63)
Sr;;’g:g Former  28.84(23.33,35.05) 28.27(23.01,34.19) 34.46(29.62,39.65) 33.36(28.43, 38.70) 22.14(18.92, 25.73) <.0001
Current  30.99(25.34,37.28) 42.16(36.35, 48.20) 48.73(43.07,54.42) 49.22(44.00, 54.46) 68.07(64.08, 71.80)
None 15.57(11.71,2041)  9.15( 648, 12.78)  10.20( 7.37,13.94)  9.26( 6.78, 12.52) 12.47( 9.88, 15.61)
<l/mo  25.45(20.16,31.57) 25.84(20.94, 31.43) 19.17(15.24,23.83) 24.67(20.50, 29.36) 17.77(14.77, 21.23)
cor?sll(]:;l;)(ﬁon 2~4/mo 30.22(24.05,37.21)  37.39(31.83,43.31) 32.26(27.45,37.48) 29.77(25.09, 34.92) 29.78(25.72, 34.19) 0.0034
2~3/wk 20.03(15.27,25.84)  20.40(16.39, 25.09) 25.78(21.20,30.97) 25.65(21.39, 30.43) 25.85(22.11, 29.97)
>4/wk 8.73( 5.82,12.89)  7.22( 4.85,10.62) 12.59( 9.41,16.65) 10.65( 7.93, 14.17) 14.14(11.27, 17.59)
) Walking  48.56(41.76,55.41)  50.51(44.67, 56.34) 47.38(42.19,52.62) 45.63(40.72, 50.62) 47.83(43.38, 52.31) 0.8112
Z}CIZS’VIIC; Moderate  15.48(11.61,20.36)  14.35(10.78, 18.85)  13.08( 9.77,17.28) 18.40(14.38, 23.24) 15.71(12.68, 19.32) 0.4345
Vigorous  23.24(18.20,29.18)  22.97(18.33,2839) 20.53(16.25,25.59) 19.17(15.49, 23.49) 19.91(16.81, 23.42) 0.6451
Female <1 time/month 22<t;r11teilsl/lr;(;$fl:1€snd 1 time/day 2 times/day 3 times/day P
(n=3,297) (n=535) - (n=590) (n=951) (n=756) (n=465) value
Age (yrs) 37.64+0.61 37.23+0.62 41.01+0.44 41.28+0.45 41.04+0.54 <.0001
19~29 35.96(31.06,41.16) 34.67(29.70, 39.99) 17.65(14.46,21.36) 12.69( 9.92, 16.09) 12.42( 9.08, 16.75)
30~49 41.03(36.05,46.20) 44.50(39.92, 49.18)  56.42(52.61,60.16) 67.22(63.17, 71.03) 68.88(63.70, 73.62) <.0001
50~64 23.02(19.26,27.25) 20.83(17.49, 24.63) 25.93(22.93,29.18) 20.09(16.89, 23.73) 18.71(15.01, 23.07)
Body mass index (kg/m?) 22.07+0.14 22.69+0.14 22.94+0.13 22.99+0.13 23.06+0.17 <.0001
. Never  83.19(78.43,87.07) 86.20(82.41, 89.28) 88.24(85.49,90.53) 90.05(86.96, 92.47) 78.30(73.38, 82.52)
Sr;;’g:g Former  8.11( 550,11.80)  7.58( 5.55,1029)  5.78( 433, 7.68) 3.95( 2.54, 6.09) 7.76( 535, 11.13) <.0001
Current  8.70( 597,12.52)  622( 422, 9.07) 5.98( 438, 8.11) 6.00( 420, 8.51) 13.94(10.67, 18.02)
None 38.78(34.03,43.75)  28.86(24.70, 33.41) 27.44(24.33,30.79) 19.87(16.68, 23.50) 21.16(17.09, 25.89)
<1/mo 36.27(31.58,41.24) 40.06(35.33, 45.00) 36.80(33.49,40.24) 44.13(40.15, 48.19) 38.20(33.44, 43.20)
COI‘:‘:S;}ESOH 2~4/mo  15.78(12.29,20.03) 18.72(15.43,22.51) 24.40(21.41,27.67) 24.10(20.78,27.77) 22.91(19.14, 27.16) <.0001
2~3/wk 7.22( 5.02,10.30)  9.97( 7.29,13.50)  9.39( 7.51,11.69) 10.44( 8.23, 13.17) 14.20(11.10, 17.99)
>4/wk  1.95( 0.86, 433) 238( 1.32, 426) 1.97( L.15, 335) 145( 0.76, 2.78) 3.53( 2.15, 5.76)
) Walking  45.12(40.18,50.16)  42.79(38.36, 47.34) 46.61(43.23,50.02) 43.65(39.71, 47.67) 46.10(40.64, 51.65) 0.6885
z}clzsvli;‘l Moderate  14.52(11.56,18.09)  9.86( 7.4, 12.96) 15.68(13.21,18.51) 15.08(12.65, 17.88) 13.66(10.64, 17.38) 0.0358
Vigorous 14.51(11.53,18.10)  15.30(12.09, 19.17) 17.68(15.18,20.49) 14.92(12.25, 18.05) 16.85(13.43, 20.94) 0.5406

Y MeantStandard error, %

% (95% CI)

Body mass index variable has been age-adjusted.
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Table 2. Metabolic bio-markers of subjects according to the frequency of coffee consumption

>2 times/month

Male <1 time/month and <6 times/ 1 time/day 2 times/day 3 times/day » value
(n=2,095) (n=297) week (n=345) (n=414) (n=439) (n=600)
Fast blood glucose (mg/dL) 94.82+ 0.88" 94.42+ 0.62 95.49+ 0.93 94.47+ 0.72 95.76+ 0.76  0.6112
Total cholesterol (mg/dL) 185.63+2.12 187.38+ 2.08 186.69+ 1.98 188.04+ 1.75 191.81+ 147  0.0944
HDL-~cholesterol (mg/dL) 51.03+ 0.74 49.30+ 0.75 49.10+ 0.65 48.55+ 0.55 48.07+ 0.50  0.0168
Triglyceride (mg/dL) 150.07+ 7.31 158.45+ 7.88 156.10+ 5.23 162.73+ 9.35 15835+ 459  0.8220
Waist circumference (cm) 82.35+0.54 84.12+ 0.50 83.22+ 048 83.43+ 045 83.45+ 042  0.2431
Systolic blood pressure (mmHg)  117.74+ 0.87 115.87+ 0.72 117.39+ 0.65 116.64+ 0.73 117.17+ 0.66  0.3851
Diastolic blood pressure (mmHg)  79.70+ 0.67 77.97+ 0.60 79.05+ 0.54 79.36+ 0.59 79.62+ 053  0.2122
Female <1 time/month =2 times/month 1 time/day 2 times/day 3 times/day
(n=3,297) (n=535) and =<6 times/ (n=951) (n=756) (nmds) P vaue
week (n=590)
Fast blood glucose (mg/dL) 91.31+0.52 91.18+ 0.37 91.85+ 0.42 92.05+ 0.46 92.18+ 0.58  0.3546
Total cholesterol (mg/dL) 182.61+ 1.52 186.70+ 1.40 183.01+ 1.18 184.01+ 1.35 185.18+ 1.61  0.1906
HDL-~cholesterol (mg/dL) 55.76+ 0.63 56.12+ 0.61 55.48+ 0.51 56.52+ 0.54 5553+ 0.64 05750
Triglyceride (mg/dL) 104.43+ 3.88 103.06+ 2.69 101.77+ 3.87 100.10+ 2.62 9898+ 3.17  0.7737
Waist circumference (cm) 75.09+ 0.43 76.51+ 0.45 76.63+ 0.38 76.89+ 0.37 7711+ 047  0.0056
Systolic blood pressure (mmHg)  109.07+ 0.60 109.65+ 0.68 110.49+ 0.54 109.58+ 0.57 109.84+ 0.70  0.4920
Diastolic blood pressure (mmHg)  71.99+ 0.43 72.55+ 0.48 72.93+ 0.40 72.99+ 0.40 72.65+ 048  0.4294

D Mean+Standard error
All variables have been age-adjusted.
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Table 3. Nutrient intakes of subjects according to the frequency of coffee consumption

>2 times/month and

Male <1 time/month —6 times/week 1 time/day 2 times/day 3 times/day » value
(n=2,095) (n=297) (n=345) (n=414) (n=439) (n=600)
Energy (kcal) 2,087.40+ 54.23" 2,132.40+ 44.71 2,191.42+ 41.86 2,258.83+ 43.39 2,377.03+ 3646  <.0001
(/1,000 kcal)

Protein (g) 37.82+ 0.84 36.70+ 0.59 36.36+ 0.51 35.79+ 0.39 3541+ 044 0.0702
Fat (g) 19.01+ 0.54 18.66+ 0.47 19.03+ 0.46 19.92+ 0.48 19.92+ 0.34 0.1232
Carbohydrate (g) 161.78+ 2.02 163.61+ 1.74 161.54+ 1.82 160.65+ 1.65 160.21+ 1.40 0.6268
Fiber (g) 427+ 0.16 3.87+ 0.10 3.84+ 0.11 3.88+ 0.16 3.65+ 0.12 0.0341
Vitamin A (ugRE) 42892+ 18.72 405.55+ 23.18 402.59+ 19.26 42598+ 22.92 37649+ 11.68  0.0787
Vitamin B, (mg) 0.70+ 0.02 0.65+ 0.01 0.65+ 0.01 0.66+ 0.01 0.64+ 0.01 0.0590
Vitamin B, (mg) 0.65+ 0.02 0.62+ 0.02 0.60+ 0.01 0.59+ 0.01 0.58+ 0.01 0.0126
Niacin (mg) 824+ 0.21 8.38+ 0.18 829+ 0.14 847+ 0.12 8.67+ 0.11 0.1592
Vitamin C (mg) 5839+ 2.73 53.49+ 222 53.20+ 2.08 51.54+ 2.12 48.60+ 1.67 0.0385
Calcium (mg) 272.65+ 9.35 267.52+ 7.82 268.60+ 7.89 244.62+ 5.80 24476+ 4.62 0.0044
Phosphorus (mg) 62681+ 11.10 623.06+ 9.10 614.09+ 7.38 596.47+ 6.56 597.36+ 5.66 0.0147
Sodium (mg) 2,983.44+ 96.61 2,782.78+ 70.11 2,711.44+ 62.09 2,709.47+ 52.96 272297+ 5599  0.1109
Potassium (mg) 1,636.78 + 40.43 1,559.55+ 30.87 1,539.82+ 28.16 1,558.54+ 28.85 1,561.16+ 22.55 03618
Iron (mg) 7.72+ 0.25 745+ 022 7.81+ 0.29 7.30+ 0.22 7.09+ 0.16 0.0859

Female <1 time/month 22£t;rn:izrsl/lrer;(/)$:e;nd 1 time/day 2 times/day 3 times/day » value

(n=3,297) (n=535) (n=590) (n=951) (n=756) (n=465)
Energy (kcal) 1,630.42+ 31.68 1,623.01+ 29.90 1,640.15+ 23.23 1,641.23+ 2232 1,709.34+ 35.09  0.4000
(/1,000 kcal)

Protein (g) 3571+ 0.52 35.84+ 0.50 36.27+ 0.35 3548+ 0.36 35.37+ 0.56 0.4850
Fat (g) 17.41+ 0.40 18.64+ 045 19.21+ 0.32 18.81+ 0.33 1991+ 047 0.0003
Carbohydrate (g) 17740+ 1.27 173.29+ 1.35 17226+ 1.04 173.36+ 1.06 169.87+ 1.37 0.0006
Fiber (g) 479+ 0.18 437+ 0.13 444+ 0.09 446+ 0.12 426+ 0.19 0.2359
Vitamin A (ugRE)  490.50+ 23.15 457.28+ 22.68 491.56+ 18.46 472.16+ 18.38 43471+ 20.83  0.2071
Vitamin B, (mg) 0.68+ 0.01 0.65+ 0.01 0.67+ 0.01 0.66+ 0.01 0.66+ 0.01 0.3852
Vitamin B, (mg) 0.65+ 0.01 0.64+ 0.01 0.66+ 0.01 0.64+ 0.01 0.62+ 0.01 0.3921
Niacin (mg) 8.10+ 0.12 8.25+ 0.11 8.32+ 0.08 8.37+ 0.08 8.64+ 0.09 0.0024
Vitamin C (mg) 67.03+ 2.83 67.51+ 3.58 67.10+ 1.98 63.74+ 2.80 63.56+ 2.95 0.7883
Calcium (mg) 297.46+ 9.80 288.01+ 6.98 296.68+ 6.35 279.09+ 6.21 270.12+ 7.11 0.0287
Phosphorus (mg) 642.26+ 8.84 628.78+ 6.48 632.84+ 5.94 630.95+ 5.89 611.27+ 7.50 0.0495
Sodium (mg) 2,714.09+ 96.58 2,607.35+ 61.61 2,745.74+ 59.33 2,554.37+ 50.76 2,692.69+ 7293  0.0986
Potassium (mg) 1,755.36+ 41.65 1,699.97+ 28.79 1,730.85+ 21.32 1,736.64+ 27.59 1,721.28+ 3549  0.7715
Iron (mg) 8.46+ 0.26 7.76+ 0.17 8.36+ 0.20 7.64+ 0.15 7.59+ 0.22 0.0031

D Mean+Standard error
All nutrients have been age-adjusted.
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Table 4. Relationship between frequency of coffee consumption and metabolic bio-markers
Variable Male Female
B-coefficients P for trend B-coefficients P for trend
Model 1 0.0415 0.0551 0.0266 0.2057
Fast blood glucose Model 2 -0.0023 0.9193 -0.0103 0.6377
Model 3 -0.0144 0.5396 -0.0184 0.4173
Model 4 -0.0187 0.4268 -0.0175 0.4403
Model 1 0.0840 <.0001 0.0503 0.0019
Total Model 2 0.0500 0.0127 0.0202 0.2285
cholesterol Model 3 0.0326 0.1079 0.0281 0.0953
Model 4 0.0350 0.0918 0.0277 0.0996
Model 1 0.0226 0.2644 0.0247 0.1061
HDL- Model 2 0.0029 0.8879 -0.0023 0.8833
cholesterol Model 3 -0.0056 0.7982 0.0051 0.7430
Model 4 0.0038 0.8630 0.0050 0.7491
Model 1 0.0519 0.0037 0.0170 0.4268
Triglyceride Model 2 0.0175 0.3530 -0.0255 0.2590
Model 3 -0.0032 0.8717 -0.0280 0.2210
Model 4 -0.0032 0.8722 -0.0272 0.2364
Model 1 0.0465 0.0287 0.0943 <.0001
Waist Model 2 0.0169 0.6328 0.0195 0.4677
circumference Model 3 0.0035 0.9237 0.0127 0.6256
Model 4 -0.0027 0.9410 0.0101 0.6968
Model 1 0.0686 0.0133 0.0426 0.0873
Systolic blood Model 2 0.0253 0.3795 0.0115 0.6496
pressure Model 3 0.0212 0.4927 0.0111 0.6612
Model 4 0.0198 0.5253 0.0115 0.6505
Model 1 0.0310 0.1549 0.1031 <.0001
Diastolic blood Model 2 -0.0036 0.8713 0.0722 0.0026
pressure Model 3 0.0013 0.9553 0.0604 0.0142
Model 4 0.0017 0.9448 0.0614 0.0129

Coffee consumption frequency: None (0), 6~11/year (1), 1/month (2), 2~3/month (3), 1/week (4), 2~3/week (5), 4~6/week (6), 1/day (7),

2/day (8), 3/day (9)

Model 1: Unadjusted model; Model 2: Adjustment for age and body mass index; Model 3: Model 2+ additional adjustment for alcohol
consumption (None, <1/month, 2~4/month, 2~3/week, >4/week), physical activity, and smoking status (never, former, or current), Model

4: Model 3+ additional adjustment for energy intake
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