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[Abstract]  Objective To examine the longitudinal association between red meat
consumption and changes in body mass index (BMI) , body weight and overweight risk in Chinese
adults. Methods Data from the open, prospective cohort study ‘China Health and Nutrition Survey ’
(CHNS), 18 006 adults (47.5% males) were chosen as the study subjects who participated in at least
one wave of survey between 1991 and 2009. Three-level (community-individual-measure occasion)
mixed effect modeling was performed to investigate the effect of red meat consumption on BMI, body
weight changes and risk of overweight. The average daily red meat intake was assessed using
consecutive 3 d 24 h recalls. Results In general, participants with higher red meat intake appeared to
be those with younger age, higher personal income and higher education level, lower physical
activities, higher total energy intake, smokers and alcohol drinkers. 3-level mixed-effects linear
regression models showed that red meat intake was positively associated with changes in BMI and
body weight. Compared to those who consumed no red meat, men and women in the highest quartile
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of red meat intake showed an increase of 0.17(95% CI: 0.08-0.26, P<<0.0001) and 0.12 kg/m’
(95%CI:0.02-0.22, P<<0.05) on BMI and increase of 596 g(95%CI.329-864, P<<0.0001) and 400 g
(95%CI:164-636,P<<0.0001 )on body weight, respectively , after adjustment for potential confounders
(age, income, education, smoking, alcohol, physical activity level, community urbanization index and
total energy intake). After adjustment for above confounders and baseline BMI, results from the
3-level mixed effect logistic model indicated that the odds ratios of being overweight in males and
fernales who had the highest quartile of red meat intake were 1.21 (95%CI; 1.01-1.46, P<<0.05) and
1.18 (95% CI: 1.01-1.37, P<<0.05) in comparison with non-consumers of red meat, respectively.
Conclusion Higher red meat intake was associated with increased BMI and body weight, as well as

increased overweight risk.
[Key words]
Multilevel modeling
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0.06(=0.02,0.14)
0.10(0.01,0.18y
0.12(0.02,0.22y

0.78(0.62,0.99)
7.02(6.77,7.27)°
2.95(2.89,3.01)°

0.12(0.04,0.20)
0.50(0.41,0.59)°
0.91(0.82,1.01)°
1.10(1.00, 1.19)¢
1.12(1.02,1.22)¢
1.23(1.13,1.34)¢

0.90(0.81, 1.00)°
1.36(1.24, 1.48)"
1.19(1.04,1.35)¢

0.05(~0.03,0.13)
0.06(-0.02,0.14)
0.10(0.01,0.19)
0.12(0.02,0.22)°

0.79(0.62,0.99)"
7.02(6.77,7.27)°
2.95(2.89,3.01)¢

W2 MRS R 4+ FRIOKR B ABALE;  P<0.05; * P<<0.01; ‘P<<0.001; 7Y 5 41 P33R A K F-x¢ BMI{E R W i 4 SR

Z=2.56,P<0.05
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F4 REBFEABIREAKESEEIERERH =KV logistic BlIR 5

Bk ik
m B
BRI BERI2 BRI EiLY)
B s 2k

A E AR B (4F) 1.16(1.15,1.17y 1.14(1.13,1.15) 1.09(1.08,1.09) 1.08(1.08,1.09y
FiR ()

18 ~ 1.00 1.00 1.00 1.00

30~ 3.59(2.91,4.44) 2.11(1.74,2.56) 4.53(3.75,5.48) 2.48(2.09,2.94y

45 ~ 4.06(3.20,5.14) 1.92(1.56,2.37y 10.35(8.30, 12.90y 3.79(3.13,4.59y

60 ~75 2.76(2.09,3.64)° 1.30(1.02,1.66)" 7.50(5.79,9.71) 2.22(1.77,2.79¥
LIREBA

Ny 1.00 1.00 1.00 1.00

Q1 1.01(0.84,1.22) 1.03(0.86,1.23) 1.09(0.94,1.25) 1.07(0.94,1.23)

Q2 1.06(0.88,1.27) 1.06(0.89,1.26) 1.03(0.89,1.19) 1.00(0.87,1.15)

Q3 1.23(1.01,1.48) 1.100.92,1.31) 1.13(0.95,1.35) 1.12(0.95,1.33)

Q4 1.35(1.10,1.66)" 1.21(1.01,1.46)" 1.22(1.04,1.42y 1.18(1.01,1.37)"
ZHERE

NERVF 1.00 1.00 1.00 1.00

weh 1.17(0.97,1.42) 1.19(1.02,1.38)" 0.75(0.64,0.89) 0.89(0.78,1.02)

L 1.34(1.01,1.77y 1.12(0.88,1.41) 0.30(0.22,0.40¥ 0.44(0.35,0.57y
ZBWAIKE

i 1.00 1.00 1.00 1.00

Gt 1.19(1.03,1.37)" 1.13(0.99,1.30) 1.16(1.04,1.31) 1.14(1.02,1.27)"

[=] 1.46(1.25,1.71¥ 1.25(1.08,1.45) 1.32(1.16,1.50y 1.23(1.09,1.39¥
kK

& 1.00 1.00 1.00 1.00

wh 1.65(1.34,2.03F 1.27(1.06,1.51) 1.21(1.04,1.42y 1.03(0.90,1.19)

=1 1.97(1.47,2.62) 1.06(0.85,1.31) 1.56(1.25,1.96) 0.97(0.81,1.15)
s

1% 1.00 1.00 1.00 1.00

o 0.84(0.72,0.97)° 0.91(0.79,1.05) 0.94(0.83,1.06) 0.99(0.88,1.12)

=] 0.56(0.47,0.68) 0.67(0.56,0.80) 0.83(0.72,0.95)" 0.89(0.78,1.02)
WA (R AR ) 0.70(0.65,0.75) 0.80(0.75,0.85) 0.73(0.64,0.83) 0.82(0.72,0.94)
PRI 1.36(1.20,1.55y 1.29(1.14, 1.46) 0.86(0.73,1.00) 0.87(0.75,1.02)
B FER (keal) 1.00(1.00,1.00)° 1.02(1.00,1.04)° 1.04(1.02,1.06) 1.02(1.01,1.04)
HLBMI 2.74(2.63,2.86) 2.50(2.42,2.58)

FEYIZRR

HRAKFHE 1.27(1.05,1.49)" 0.26(0.16,0.36)° 1.17(0.95,1.39)" 0.13(0.07,0.19)°
AT 2 8.32(7.59,9.05) 2.42(2.07,2.77)° 7.71(7.16,8.26)° 2.27(2.02,2.52)°

et B 2; RAEUE R ORME R R 95%CT; MR 2 41 98 AKF X BMIMER M S8 H R I, B . Z=2.5, P<0.05; &#:Z=18,P<

0.05

o XL B SR SR T R R S ST SR PR, B PRI
EMEGIERE XL, SRTEE—LOHE
ANSMIAX BN SEARRI AL RE
A BMIAE o B AR AR S8 Mo 9 7E B A IR o
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