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ABSTRACT

Objectives: Studies that reported the association between diet quality/nutritional intake
status and mortality have rarely used long-term follow-up data in Asian countries,
including Korea. This study investigated the association between the risk of mortality
(all-cause and cause-specific) and the diet quality/nutritional intake status using follow-
up 12-year mortality data from a nationally representative sample of South Koreans.

Methods: 8,941 individuals who participated in 1998 and 2001 Korea Health and
Nutrition Examination Surveys were linked to mortality data from death certificates. Of
those individuals, 1,083 (12.1%) had died as of December, 2012. Cox proportional hazard
models were used to estimate the relative risks of mortality according to the level of
diet quality and intakes of major nutrients. Indicators for diet quality index and nutritional
intake status were assessed using MAR (mean adequacy ratio) and energy and protein
intake level compared with the 2010 Korean DRI.

Results: Higher diet quality/nutritional intake status were associated with lower
mortality; the mortality risk (95% confidence interval) from all-cause of lowest MAR
group vs highest was 1.66 (1.27 to 2.18) among > 30 year old, and 1.98 (1.36 to 2.86)
among 30~64 year old individuals. Those with below 75% of energy and protein intake
of Korean DRI had higher mortality risks of all-cause mortality compared to the reference
group. Diet quality/nutritional intake status was inversely associated with mortality from
cardiovascular diseases and cancer.

Conclusions: Poor Diet quality/nutritional intake status were associated with a higher
risk of mortality from all-cause and mortality from cardiovascular diseases and cancer
among South Korean adults.
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Table 1. Baseline characteristics of study subjects at the time of 1998 and 2001 KNHANS

30-64 65+ Total (30+)
Number of Number of Number of
subjects % subjects % subjects %
(N=7,497) (N=1,444) (N=8,941)
Age
30-34 1,382 18.43 - - 1,382 15.46
35-39 1,462 19.5 - - 1,462 16.35
40-44 1,348 17.98 - - 1,348 15.08
45 - 49 986 13.15 - - 986 11.03
50-54 767 10.23 - - 767 8.58
55 -59 806 10.75 - - 806 9.01
60 - 64 746 9.95 - - 746 8.34
65-69 - - 592 41 592 6.62
70-74 - - 425 29.43 425 4,75
75-79 - - 251 17.38 251 2.81
80-84 - - 121 8.38 121 1.35
85+ - - 55 3.81 55 0.62
Sex
Men 3,487 46.51 592 41.00 4,079 45.62
Wemen 4,010 53.49 852 59.00 4,862 54.38
Monthly household income (Won)
> 3,000,000 731 10.02 55 3.93 786 9.04
2,000,000 - 2,999,999 1,360 18.64 102 7.28 1,462 16.81
1,000,000 - 1,999,999 3,147 4313 280 19.99 3,427 39.4
< 1,000,000 2,058 28.21 964 68.81 3,022 34.75
Education
College or higher 1,627 21.71 60 4.16 1,687 18.88
High school 2,854 38.09 128 8.86 2,982 33.37
Middle school 1,286 17.16 112 7.76 1,398 15.64
Elementary shcool 1,347 17.98 428 29.64 1,775 19.86
No formal education 379 5.06 716 49.58 1,095 12.25
Smoking status”
Non smoker 4,336 59.82 60 4.16 5,063 58.74
Former smoker 632 8.72 128 8.86 891 10.34
Occasional smoker 147 2.03 112 7.76 173 2.01
Regular smoker (< 20 cigarette/day) 910 12.56 428 29.64 1,123 13.03
Regular smoker (> 20 cigarette/day) 1,223 16.87 716 49.58 1,369 15.88
Alcohol drinking status”
Non drinker 1,989 27.44 682 49.74 2,671 30.99
Former drinker 265 3.66 162 11.82 427 4,95
Occasional drinker 1,686 21.88 196 14.3 1,782 20.67
Often drinker 2171 29.95 156 11.38 2,327 27
Frequent drinker 1,238 17.08 175 12.76 1,413 16.39
Regular physical exercise”
Yes 1,762 24.31 267 19.49 2,029 23.54
No 5,486 75.69 1,103 80.51 6,589 76.46

1) Excluding missing values
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Table 2. Relative risks of mortality from all cause according to diet quality and maojor nutfrients infake level, among > 30 year old

individuals

Numlber of subjects

Relative risks of mortality (95% Cl)

(deaths) Model 1" Model 2%

Diet quality: MAR (9)

Highest quintile 1,790 ( 90) 1.00 (reference) 1.00 (reference)

4" quintile 1,787 (144) 1.27(0.94-1.71) 1.29 (0.95-1.75)

3 quintile 1,790 (187) 1.26 (0.96-1.67) 1.29 (0.97-1.72)

2" quintile 1,786 (216) 1.34(1.02-1.76) 1.26 (0.95-1.67)

Lowest quintile 1,788 (446) 1.80(1.39-2.34) 1.66 (1.27 - 2.18)
Energy infake, % DRI

DRI < 75% 2,479 (449) 1.41 (1.22-1.63) 1.34 (1.15-1.56)

75% < = DRI < 125 4,634 (489) 1.00 (reference) 1.00 (reference)

125% > = DRI 1,828 (145) 0.90(0.72-1.13) 0.97 (0.78-1.21)
Protein intake, % DRI

DRI < 75% 1,188 (291) 1.22(1.03 - 1.44) 1.16 (0.97 - 1.38)

75% < =DRl < 125 2,755 (401) 1.00 (reference) 1.00 (reference)

125% > = DRI 5,028 (391) 0.80 (0.68 - 0.95) 0.83(0.70-0.99)
1) Model 1 : Adjusted for age, sex and year of survey

2) Model 2 : Additionally adjusted for educational aftainment, income level, smoking status, alcohol consumption, physical exer-

cise

Table 3. Relative risks of age-specific mortality from all cause according to diet quality and major nutrients intake level

30~64 year 65+ year
Number of Relative risks of Number of Relative risks of
subjects mortality (95% Cl) subjects mortality (95% Cl)
(deaths) Model 1" Model 22 (deaths) Model 1 Model 2
Diet quality: MAR(9)
Highest quintile 1,687 ( 55)  1.00 (reference) 1.00 (reference) 103 ( 35) 1.00 (reference) 1.00 (reference)
4" quintile 1,624 ( 82) 1.40(0.95-205 1.38(0.94-2.02) 163( 62) 1.00(1.00-1.00) 1.11(0.66-1.84)
3¢ quintile 1,551 (89 1.33(0.92-1.93) 1.24(0.85-1.81) 239( 98) 1.07(0.66-1.72) 1.28(0.83-1.98)
2" quintile 1,449 (1 78) 1.48(1.01-2.17) 1.33(0.90-1.9¢) 337(138) 1.08(0.72-1.61) 1.16(0.76-1.77)
Lowest quintile 1,186 (126) 233 (1.62-3.35) 1.98(1.36-2.86) 602(320) 1.10(0.75-1.61) 1.43(0.96-2.13)
Energy infake, % DRI
DRI < 75% 1,959 (158) 1.38(1.09-1.74) 1.28(1.00-1.63) 520(291) 1.43(1.19-1.72) 1.39(1.15-1.70)
75% < =DRlI < 125 3,925(214) 1.00 (reference) 1.00 (reference) 709 (275)  1.00 (reference) 1.00 (reference)
125% > = DRI 1,613( 58) 0.72(0.53-1.00) 0.73(0.53-1.01) 215(87) 1.07(0.79-1.45) 1.19(0.89-1.60)
Protein intake, % DRI
DRI < 75% 760( 73) 1.17(0.84-1.61) 1.07(0.77-1.50) 398(218) 1.24(1.02-1.51) 1.39(1.15-1.70)
75% < =DRI <125 2,173 (150)  1.00 (reference) 1.00 (reference) 582 (251)  1.00 (reference) 1.00 (reference)
125% > = DRI 4,564 (207) 0.70(0.55-0.88) 0.74(0.58 -0.95) 464 (184) 0.91(0.73-1.13) 1.19(0.89-1.60)
1) Model 1 : Adjusted for age, sex and year of survey

2) Model 2 : Additionally adjusted for educational aftainment, income level, smoking status, alcohol consumption, physical exercise
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Table 4. Relative risks of mortality from cardiovascular diseases and cancer according o diet quality and major nutrients intake level
among > 30 year old individuals

Cancer mortality” Cardiovascular disease mortality?

Number of Relative risks of mortality (95% Cl) Number of Relative risks of mortality (95% Cl)
subjects subjects
(deaths) Model 1% Model 29 (deaths) Model 1 Model 2
Diet quality: MAR(9)
Highest quintile 1,785 ( 26)  1.00 (reference) 1.00 (reference) 1,759 (22)  1.00 (reference) 1.00 (reference)
4" quintile 1,778 ( 48) 1.41(0.82-2.45  1.47(0.83 - 2.60) 1,749 (26) 0.79(0.39-1.58) 0.83(0.40-1.71)
3¢ quintile 1,782 ( 52) 1.44(0.85-2.44) 1.42(0.82-2.46) 1,743 (33) 0.71(0.39-1.30) 0.90(0.48 - 1.66)
2" quintile 1,776 ( 54) 1.41(0.82-239) 1.22(0.69-2.13) 1,700 (40) 0.79(0.45-1.39) 0.83(0.45-1.52)
Lowest quintile 1,770 ( 93)  1.93(1.156-3.24) 1.71 (0.99 -2.94) 1,668 (93) 1.32(0.77-2.25) 1.36(0.77 -2.43)
Energy infake, % DRI
DRI < 75% 2,457 (105) 1.33(0.99-1.79) 1.25(0.91-1.72) 2,350 (96) 1.93(1.40-2.66) 1.86(1.34-2.57)
75% < =DRI < 125 4,612(129)  1.00 (reference) 1.00 (reference) 4,490 (?0)  1.00 (reference) 1.00 (reference)
125% > = DRI 1.822( 399 0.82(055-1.22) 0.88(0.59-1.32) 1,779 (28) 0.94(0.57-1.56) 1.00(0.60-1.67)
Protein intake, % DRI
DRI < 75% 1.142( 83) 0.96(0.66-1.39) 0.87(0.59 - 1.28) 1,077 (65) 1.60(1.11-2.31) 1.52(1.04 -2.22)
75% < =DRI < 125 2,740(113)  1.00 (reference) 1.00 (reference) 2,636 (76)  1.00 (reference) 1.00 (reference)
125% > = DRI 5,009 (107) 0.68(0.50-0.92) 0.72(0.52-0.99) 4,906 (73) 0.85(0.58-1.24) 0.85(0.58 -1.26)

1) Excluding subjects with cancer at survey
2) Excluding subjects with cardiovascular diseases patients at survey

3) Model 1

. Adjusted for age, sex and year of survey

4) Model 2 : Additionally adjusted for educational aftainment, income level, smoking status, alcohol consumption, physical exercise
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Cancer mortality”

Cardiovascular disease mortality?

Number of Relative risks of Number of Relative risks of
subjects rmortality (95% Cl) subjects mortality (95% Cl)
(deaths) Model 19 Model 2 (deaths) Model 1 Model 2
30~64 year old group
Diet quality: MAR (9)
Highest quintile 1,683 (20) 1.00 (reference)  1.00 (reference) 1,663 (13)  1.00 (reference) 1.00 (reference)
4" quintile 1,616(32) 1.31(0.68-2.50) 1.31(0.68 —2.52) 1,600 (13) 0.70(0.29-1.67) 0.70(0.29 - 1.67)
3¢ quintile 1,647 (34) 1.36(0.74-2.50) 1.26 (0.68 —2.33) 1,625(15) 0.87(0.40-1.90) 0.86(0.39 -1.93)
2" quintile 1,442 (27)  1.39(0.72-2.67) 1.14(0.57 — 2.26) 1,400 (9) 0.60(0.24-1.49) 0.56(0.22-1.42)
Lowest quintile 1,176 (44) 2.09(1.14-3.83) 1.89(1.01 —3.56) 1,144 (29) 2.08(0.99-4.37) 1.79(0.82-3.88)
Energy infake, % DRI
DRI < 75% 1,945 (59) 1.36(0.91-2.02) 1.33(0.86-2.05) 1,903 (31) 1.72(1.02-2.90) 1.54(0.89 - 2.65)
75% < =DRl < 125 3,908 (78)  1.00 (reference)  1.00 (reference) 3,846 (37)  1.00 (reference) 1.00 (reference)
125% > = DRI 1,611 (20) 0.69(0.40-1.17) 0.74(0.43-1.27) 1,683 (11) 0.75(0.36-1.55) 0.72(0.35-1.49)
Protein intake, % DRI
DRI < 75% 751 (23) 0.95(0.56-1.64) 0.92(0.52-1.64) 729(17)  1.53(0.75-3.13) 1.46(0.70-3.03)
75% < =DRl < 125 2,163 (64) 1.00 (reference)  1.00 (reference) 2,121 (25)  1.00 (reference) 1.00 (reference)
125% > = DRI 4,550 (70) 0.61(0.41-0.91) 0.65(0.43-0.99) 4,482 (37) 0.71(0.41-1.25) 0.73(0.41-1.30)
65+ year old group
Diet quality: MAR (9)
Highest quintile 102 (6) 1.00 (reference)  1.00 (reference) 96 (9)  1.00 (reference) 1.00 (reference)
4" quintile 162 (16) 1.63(0.57-4.62) 1.88(0.56-6.31) 149 (13) 0.90(0.28-2.90) 1.06 (0.35-3.23)
3¢ quintile 235(18) 1.55(0.55-4.35) 1.79(0.52-6.20) 218(18) 0.64(0.27-1.54) 1.14(0.46-2.80)
2" quintile 334 (27) 1.42(0.53-3.82) 1.43(0.42-4.80) 300(31) 0.83(0.37-1.84) 1.25(0.54-2.90)
Lowest quintile 594 (49) 1.73(0.64-4.70) 1.66(0.49-5.59) 524 (64) 1.01(0.48-2.12) 1.42(0.65-3.12)
Energy infake, % DRI
DRI < 75% 512(46) 1.20(0.76-1.88) 1.06(0.65-1.74) 447 (65) 2.09(1.40-3.13) 2.18(1.44-3.32)
75% < =DRl < 125 704 (61)  1.00 (reference)  1.00 (reference) 644 (53)  1.00 (reference) 1.00 (reference)
125% > = DRI 211 (19)  0.96(0.53-1.77) 0.98 (0.51 -1.89) 196(17)  1.18(0.60-2.31) 1.20(0.61-2.33)
Protein intake, % DRI
DRI < 75% 391 (30) 0.94(0.55-1.58) 0.78(0.46-1.33) 348 (48)  1.61(1.05-2.46) 1.54(0.96—2.46)
75% < =DRl < 125 577 (49)  1.00 (reference)  1.00 (reference) 515(51)  1.00 (reference) 1.00 (reference)
125% > = DRI 459 (37) 0.82(0.52-1.29) 0.86(0.53-1.39) 424 (36) 1.00(0.61-1.64) 0.98 (0.58 —1.64)

1) Excluding subjects with cancer atf survey
2) Excluding subjects with cardiovascular diseases patients at survey

3) Model 1

. Adjusted for age, sex and year of survey

4) Model 2 : Additionally adjusted for educational attainment, income level, smoking status, alcohol consumption, physical exercise
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