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Abstract : [()bjective] We assessed the associations between protein intake and T2D in different dietary patterns.
[ Methods ] We conducted a population—based cross sectional study of 5 956 women and 2 298 men in middle—aged and
elderly population in the community of Guangzhou city , Guangdong province. Cluster analysis was used to category
subjects into mutually exclusive group by major sources of protein. Logistics regression analysis and substitution models
were used to estimate T2D risks according to protein intake. [ Results ] The mean age of subjects was 55.51 year. Subjects
were divided into four dietary protein food patterns (coarse cereals, red meat, refined grain, and sea food ). Overall ,
extreme quantile of total protein intake was significantly and positively associated with T2D [odds ratio 1.58 (95% CI
1.25, 2.02) ]. In subgroup analysis by dietary patterns, extreme quantile of total protein intake was also positively related
to T2D in the “red meat” [3.00(1.36, 7.01) | and “refined grain” [2.25 (1.40, 3.61) ] dietary pattern group. However,
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this association was revered in the “coarse cereals” group [0.48(0.23, 0.97) ]; and protein intake was not related to T2D

in the “seafood” group. [ Conclusions] The association between protein intake and T2D varies by dietary pattern. Dietary

pattern should be considered into the recommendation of protein intake for diabetes prevention.
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Table 1 Sex—specific characteristics and dietary consumption in a cross—sectional study by categories of energy—adjusted

total protein intake

Women Men

01:66.3 g/d 03:78.4 g/d (05:95.2 g/d 01:62.3 g/d 03:75.8 ¢/d 05:94.2 g/d

(62.9,68.4) (76.9,79.5) (91.1,102.1) (58.4,64.7) (74.5,77.4) (89.5,102.6)
N(cases) 1191(180) 1191(194) 1192(220) 459(74) 460(96) 460(113)
Agelyears 55.1+7.8 55.047.5 54.3+7.2 56.8+8.6 58.248.4 57.7+8.7
BMI/(kg/m?) 23.2+2.8 23.12.8 23.3+2.8 23.5+2.6 23.543.0 23.3+2.9
Fasting glucose/(mmol/L) 5.6+1.3 5.7+1.3 5.6+1.3 5.8+1.6 5.9+1.7 6.0+1.7
OGTT2h Glucose/(mmol/L) 8.0+3.0 7.8+3.0 8.2+3.3 7.943.5 8.2+3.3 8.4+3.8
HbA1¢/% 6.1+0.9 6.0+0.9 6.1+0.8 6.0£1.0 6.2+1.2 6.2+1.2
Higher than secondary school/% 55.7 57.6 61.0 66.9 60.6 61.4
Physical activity active/% 28.4 26.4 22.0 233 27.0 24.1
Smokers/% 1.7 1.6 1.7 382 39.4 40.5
Drinking/% 14.6 159 16.4 38.0 4338 4.0
Total energy/(kJ/d) " 8 1942 685 6 724+2 057 799742656 107842950 8 069+2 783 9 13143 364
Total protein/(g/d) " 68.4+25.2 66.5+21.6 101.4+37.6 91.9+29.7 78.4+29.6 113.2+43.9
Total protein (energy%)" 13.71.0 16.4+0.8 21.3+3.6 14.0+1.1 16.0+0.7 20.9+2.7
Animal protein/(g/d) " 20.8+10.8 31.3+10.6 65.3+30.5 25.3+13.6 33.7+13.5 68.5+31.1
From red meat/(g/d) " 3.8(1.3,7.4) 7.7(52,114)  20.4(12.8,35.7) 5.2(2.0,7.7) 7.7(52,11.4)  19.1(11.4,35.7)
From poultry/(g/d)" 2.6(1.3,5.3) 3.8(2.6,7.9) 7.9(2.6,11.7) 1(1.3,5.3) 5.3(2.6,7.9) 7.9(3.8,13.0)
From dairy/(g/d) " 1.0(0,2.9) 1.0(0,2.9) 1.4(0,3.3) 0.4(0,2.0) 4(0,2.0) 0.4(0,2.9)
From egg/(g/d) " 1.9(0.9,3.9) 2.8(1.9,3.9) 2.8(1.9,6.6) 9(0.9,2.8) 2.8(0.9,3.9) 2.8(1.9,6.6)
From seafood/(g/d) " 75(37,10.1)  99(7.5,174) 184(11.1,345) 89(5.1,17.6) 11.9(75,184) 21.8(13.2,34.8)
Plant protein/(g/d) " 43.2+18.3 32.8+13.6 34.1+16.3 62.1+20.0 42.1£17.7 42.8+21.3
From grain/(g/d) " 32.5(22.7,433) 22.7(16.3,32.5) 22.7(10.8,32.5) 48.7(43.3,65.0) 32.5(21.7,433) 32.5(2,43.3)
From coarse cereals/(g/d) " 2.6(0.6,8.7) 1.3(0,3.7) 1.2(0,2.7) 2.6(0.6,8.7) 3(0,3.7) 0.7(0,2.5)
From vegetable/(g/d) " 6.8(4.3,8.4) 6.7(4.3,8.6) 77(43,85)  6.8(4.3,84) 6.8(4.3,8.6) 7.7(4.3,8.5)
From fruit/(g/d) " 0.5(0.2,0.6) 0.3(0.2,0.6) 0.3(02,0.6)  0.3(0.1,0.6) 0.3(0.1,0.5)  0.3(0.1,0.6)
From legumes/(g/d) " 0.4(0,2.1) 1.0(0,2.1) 1.6(0,4.3) 0.4(0,2.1) 1.0(0,2.1) 2.0(0,4.3)
Total fat/(g/d) " 50.2+12.2 53.9+11.5 73.0+24.1 55.1+15.4 56.4+14.1 75.8+23.3
Total fat(energy%)" 24.0+4.3 31.5+4.6 35.7+7.9 19.7+4.1 27.7+5.9 33.4+9.8
Saturated fat/(g/d) " 8.6+2.9 10.0+3.0 15.0+6.5 9.7+7.0 10.4+7.2 15.746.9
Monounsaturated fat/(g/d) " 19.6+5.1 22.4+6.1 31.5+13.2 22.0+7.0 23.847.2 32.9+12.4
Polyunsaturated fat/(g/d) " 14.4+2.6 14.4+2.0 16.8+3.7 15.343.1 14.8+2.4 17.543.6
Total carbohydrate/(g/d) " 32271235 224.0+86.0 221.5+96.5 4454+1283  288.1+117.1 272.5+136.3
Total carbohydrate(energy% )" 65.1£5.2 54.5+5.3 44.9+10.5 68.7+4.3 58.6+5.7 47.5¢11.5
Cholesterol/(g/d) " 232.4+132.2 295.4+120.6 524.9+301.6 253.2+136.8  311.5+147.5 532.3+279.1
Fiber/(g/d) " 15.5+7.3 12.0+4.6 12.8+5.8 18.5+5.9 13.6+4.9 14.247.0

Values were presented as mean+ standard deviation, median (IQRs) or proportions. Q1,Q3, Q5: FFQ—-estimated intake energy adjusted by the

residual method. 1) Actual daily nutrients intake without energy adjusted estimated with FFQ. All comparisons across quintiles of energy—adjusted

total protein intake are significant inwomen except the following: BMI, fasting glucose , OGTT2h Glucose, HbAlc, smokers, drinking. All those are

significant inmen except the following: BMI, fasting glucose, OGTT2h Glucose, HbAlc,

smokers , drinking.

higher than secondary school ,

physical activity active,
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Table 2 Total protein intake from food group across cluster analysis in 8 254 men and women of the cross—sectional study

(M(Q1,0:)]

Food group Coarse cereals Red meat Grain Seafood P
N(cases) 1772(278) 1101(229) 3 692(689) 1 689(270) <0.001
Red meat/% 11.6(6.8,18.2) 29.1(24.0,36.4) 11.0(6.3,16.8) 6.6(2.9,11.2) <0.001
Poultry/% 6.9(3.8,11.5) 4.0(1.8,7.3) 6.9(3.3,10.8) 5.1(2.6,8.4) <0.001
Dairy/% 2.8(0.4,5.9) 1.1(0,3.6) 0.9(0,3.5) 0.9(0,2.6) <0.001
Egg/% 4.5(2.5,7.8) 2.7(1.2,5.0) 3.2(1.7,5.9) 2.6(1.2,4.9) <0.01
Seafood/% 15.5(10.4,21.2) 8.4(4.8,12.9) 13.7(9.3,18.6) 33.0(28.0,39.0) <0.001
Grain/% 28.1(18.4,36.6) 33.5(25.0,43.7) 44.2(35.3,53.6) 33.2(25.1,41.5) <0.001
Coarse cereals/% 8.2(3.8,12.5) 1.6(0,4.3) 1.1(0.0,2.9) 1.7(0.0,4.0) <0.001
Vegetables/% 10.1(6.8,13.6) 7.7(5.5,10.1) 8.2(5.3,11.4) 7.0(4.5,9.8) <0.01
Fruits/% 0.8(0.4,1.1) 0.6(0.2,0.8) 0.4(0.2,0.7) 0.5(0.2,0.7) <0.05
Legumes/% 2.1(0,5.0) 0.9(0,2.9) 1.4(0,3.7) 1.1(0,3.0) <0.01

A K-means cluster analysis was used to classify participants into mutually exclusive groups. Naming of clusters was determined

by the value which represents the highest consumption of a food group compared with other clusters.

*3 AEEARESEXSHERFRXE
Table 3 The odds ratios of type 2 diabetes across four dietary patterns®

Dietary pattern HR/% OR; OR; OR; OR,
Coarse cereals 15.7 1 1 1 1

Red meat 20.7 1.37(1.13,1.66) 1.35(1.11,1.64) 1.29(1.03,1.63) 1.28(1.01,1.62)
Refined grain 18.7 1.16(0.98,1.34) 1.13(0.98,1.32) 1.19(1.00,143) 1.19(1.00,1.43)
Seafood 16.0 1.00(0.84,1.20) 1.00(0.83,1.20) 1.00(0.80,1.25) 0.99(0.79,1.24)
P for x* <0.001

Model 1: adjusted age (continuous) , sex (male, female); Model 2: Model 1+physical activity (inactive, moderately active
or active) , smoke (never, former, or current) , drink (never, former, or current) , and education (low, junior, secondary or col-
lege ) ; Model 3: Model 2+total energy intake (continA K—means cluster analysis was used to classify participants into mutually exclu-
sive groups.Naming of clusters was determined by the value which represents the highest consumption of a food group compared with
other clusters. uous) , energy—adjusted intake (continuous ) of total protein , SFA, PUFA, MUFA, fiber, and cholesterol; Model
4 : Model 3+BMI ( continuous )

£4 TABAEATEARBARSERFNLHEMEM T
Table 4 The odds ratios of type 2 diabetes across quintiles of energy—adjusted total protein intake by dietary patterns

Energy—adjusted total protein intake quintiles , OR(95%CI)
o Q- Qs Qs Qs

Pueml

Total Protein

Overall 1 1.07(0.88,1.32) 1.10(0.89,1.35) 1.28(1.04,1.58) 1.58(1.25,2.02) <0.005
Coarse cereals 1 0.76(0.22,1.13) 0.69(0.43,1.11) 0.65(0.36,1.14) 0.48(0.23,0.97) <0.001
Red meat 1 1.03(0.43,2.45) 1.64(0.75,3.72) 1.74(0.81,3.96) 3.00(1.36,7.01) <0.01
Refined grain 1 1.34(1.00, 1.80) 1.36(0.98,1.87) 1.72(1.18,2.49) 2.25(1.40,3.61) <0.01
Seafood 1 0.87(0.52,1.45) 0.84(0.51,1.40) 1.00(0.57,1.78) 1.07(0.56,2.10) 0.345

Model adjusted age (continuous) , sex (male, female) , total energy intake (continuous), energy—adjusted intake (continu-

ous) of SFA, PUFA, MUFA, fiber and cholesterol, physical activity (inactive, moderately active, or active) , smoke (never, for-

mer, or current) , drink (never, former, or current) , education(low, secondary or high) , and BMI (continuous ).
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