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13 Abstract: Controversy exists on whether animal and plant proteins influence obesity differently.
14 The purpose of this study was to evaluate the association between total, animal, and plant protein
15 intake with the obesity index and renal function in Korean adults. Study participants included
16 Korean adults aged 60 years or older from the Korean National Health and Nutrition Examination
17 Survey in 2013-2014. Height, weight, and waist circumference (WC) were measured and the body
18 mass index (BMI) was calculated. One-day 24-hour recall data were used to estimate the daily total,
19 animal, and plant protein intake. Glomerular filtration rate (GFR) was calculated by using the
20 Modification of Diet in Renal Disease (MDRD) equation. General linear modellings were used to

21 assess the relationships between protein intake, BMI and WC. The mean age was 69.2 + 0.2 years,
22 44.2% were male. The total daily protein intake was 1.1 + 0.02 g/kg/d and 0.9 + 0.02 g/kg/d for males
23 and females, respectively. Only one third of protein intake was from animal sources. In males, BMI
24 (p <0.001, p = 0.016, p < 0.001 respectively) and WC (p < 0.001, p = 0.010, p < 0.001, respectively)
25 decreased as daily intake of plant protein (g/kg/d), animal protein (g/kg/d) and total protein

26 (g/kg/d) increased. Similar associations were shown in Korean female. GFR was not associated
27 with protein intake regardless of protein source in both sexes. In Korean adults aged 60 years or
28 older, the protein intake was associated with a favorable obesity index without decrease in renal
29 function. The effect was similar in both male and females, with both animal and plant proteins.

30 Keywords: Animal protein; Plant protein; Elderly; Obesity; Glomerular filtration rate
31

32  1.Introduction

33 The association between obesity and protein intake has become the topic of interest.
34  Observational studies in the US have reported that protein intake above the Recommended Daily
35 Allowance (RDA) reduces body weight and waist circumference (WC) [1], improve body
36  composition along with body fat reduction [2]. In addition, a longitudinal study of the elderly
37  showed that the increase in protein intake decreases the risk of sarcopenia and obesity [3]. These
38  associations were observed across all age groups.

39 Whether the effect of protein on obesity depends on the protein source, i.e. plant versus animal
40  source is unclear. One western study displayed that the increase in plant protein intake resulted in
41  reduction of body mass index (BMI) and WC, while one study from Belgium showed no difference
42  between animal and plant protein [4].

43 The daily total protein intake of Korean males and females in their 70s were 61.4 + 1.4 g/d and
44 454 +1.0 g/d, respectively and it was 52.2 + 2.4 g/d and 39.5 + 1.5 g/d for persons over 80 years old
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45 [5]. Furthermore, because the Koreans eat rice as staple food, more than two-thirds of protein intake
46 s taken as a plant protein [5]. By contrast, In the United States, the daily protein intake was 80.8 +
47 2.0 g/d and 60.0 = 1.5 g/d for males and females over 70 years old, respectively while consuming
48 more than 60% of the total protein intake from animal sources [6,7]. Due to differences in the
49  quantity and quality of protein intake between Korea and the west, the study results from western
50  cannot be directly applied to the Korean population.
o1 Only few studies investigated the relationship between protein and obesity in East Asians.
52  Therefore, we sought to evaluate the relationship between the protein intake and obesity according
53  to protein source (animal versus plant protein) in elderly Korean population using the national-wide
94 representative sample of Koreans. We also evaluated the association between protein intake and
95 renal function.

56 2. Materials and Methods

S7  2.1. Study participants

58 The Korea National Health and Nutrition Examination Survey (KNHANES) is a
59  population-based cross-sectional survey conducted to assess the health-related behavior, the health
60 condition, and the nutritional state of the Koreans. The KNHANES consists of health interview
61  surveys, health examination surveys and nutrition surveys. Detailed descriptions of the plan and
62  operation of the survey have been described on the KNHANES website (http://knhanes.cdc.go.kr/).
63  In 2013 and 2014, participation rate of health interview survey and health examination survey were
64  75.0% and 73.9%, respectively, and that of nutrition survey was 82.7% and 81.7%, respectively.

65 Our study subjects included a total of 2,549 persons aged 60 years or older (male: 1,127; female
66  1,427) who participated in all three surveys from the 2013~2014 KNHANES. We excluded
67  participants who reported to consume <500 kcal or >5000 kcal a day or those with missing data on
68  the health behavior survey. The study protocol was approved by the Institutional Review Board of
69  Seoul Paik Hospital (IRB No. 2017-11-010). Informed consent was waived by the Institutional
70  Review Board.

71  2.2. Covariate measurements

72 We collected data on the demographic (age and sex) and socioeconomic (household income and
73 education) factors. Participants were categorized according to age (60 to 69 years, 70 to 79 years, >80
74 years), household income (upper, upper middle, lower middle and lower) and education level (<9
75  years, 10 to 12 years, and >13 years).

76 Data on comorbidities including hypertension, dyslipidemia, stroke, ischemic heart disease,
77 osteoarthritis, rheumatoid arthritis, asthma, diabetes, thyroid disease, chronic kidney disease,
78  chronic liver disease or any type of cancer were collected.

79 2.3. Health behavior measurement

80 Smoking status was divided into smokers and non-smokers. Alcohol intake was divided into 0,
81 1, and >2 times per week. The level of physical activity was assessed by calculating the Metabolic
82  Equivalent for Task (MET) per week using the International Physical Activity Questionnaire (IPAQ)
83  which consists of self-reported exercise days per week and exercise duration of walking,
84  moderate-intensity and vigorous-intensity exercise [8].

85 2.4. Body mass index and waist circumference

86 Height (SECA 225; Seca, Hamburg, Germany) and weight (GL-6000-20; CAS, Yangju, Korea)
87  were measured while the participant wore a lightweight gown or underwear. BMI was calculated
88 and classified into <184 kg/m? (underweight), 18.5-22.9 kg/m? (normal), 23.0-24.9 kg/m?
89  (overweight), and >25.0 kg/m? (obesity) according to the Asia Pacific Standards of the
90  WHO-recommended definition of Obesity [9].
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91 The WC measured by a well-trained examiner to the nearest 0.1 cm at the mid-point between
92  the lower rib and the pelvic iliac crest.
93  2.5. Assessment of protein and other macronutrient intake
94 One-day 24-hour recall data were used to estimate the daily protein and macronutrient intake.

95  Protein intake was further divided into animal and plant protein and quantified (1) as protein intake
96  in grams per day; (2) percentage of energy from protein, and (3) as grams per kilogram body weight.

97  2.6. Renal function assessment

98 Glomerular filtration rate (GFR) was calculated according to Modification of Diet in Renal
99  Disease-GFR (MDRD-GFR) formula [10].

100  2.7. Statistical analysis

101 All analyzes were stratified according to gender. Descriptive statistics were presented as means
102  or proportions with their standard errors. The trend test was used to evaluate the relationship
103  between total protein intake quartiles and macronutrients intake, animal and plant protein intake,
104  anthropometric measurements, and physical activity level.

105 Multivariate general linear modellings were carried out to examine the relationship between
106  protein intake quartiles and obesity index measured by BMI, WC and renal function index measured
107 by serum creatinine and GFR. Adjusted means of BMI and WC by protein intake quartiles were
108  presented after controlling age (year), household income quartiles, education (<9y, 10-12y, 13y<),
109  presence of chronic disease (yes or no), current smoking status (yes or no), alcohol intake frequency
110 per week (0, 1, 2<), physical activity (MET/week), % energy from fat (%), % energy from
111  carbohydrate (%) and total energy intake (kcal). For the modelling of serum creatinine and GFR, age
112 (year), BMI (kg/m?), physical activity (MET/week), household income quartiles, current smoking
113 status (yes or no), and alcohol intake frequency per week (0, 1, 2<) were controlled.

114 A two-sided probability value < 0.05 was considered to indicate a statistically significant
115  difference. Statistical tests were performed using SPSS 18 statistical package (SPSS Inc., Chicago,
116  Illinois, USA) incorporating sampling weight while considering the multistage probability sampling
117  design of KNHANES and the nonresponses.

118 3. Results

119  3.1. Study population

120 A total of 2,549 participants were enrolled. The mean age was 69.5 + 0.2 years, 44% were male
121  (Table 1), two-thirds had lower or middle lower household income and education less than 9 years.
122 77% had at least one comorbidity.

123 The proportion of overweight or obese participants were 55.8% and 64.0%, the mean waist
124 circumference 84.8 + 0.3 cm and 82.5 + 0.3 cm, and the physical activity level measured by MET were
125  2275.1+92.8 MET/week and 1 542.6 + 66.3 MET/week, for males and females, respectively.

126 Table 1. General characteristics of study population.
Proportion or mean (SE)! Male Female Total
Unweighted, n 1127 1422 2549
Age (y), mean (SE) 69.5(0.2) 69.0 (0.2) 69.2 (0.2)
60s 54.2 (1.7) 55.9 (1.6) 55.2 (1.3)
70s 38.8 (1.6) 36.7 (1.5) 37.6 (1.2)

80< 6.8 (0.7) 7.2 (0.8) 7.1(0.5)
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Household income
Lower 349 (1.7) 41.3 (1.8) 38.4 (1.5)
Lower middle 27.6 (1.5) 28.9 (1.5) 28.3 (1.3)
Upper middle 20.2(1.2) 16.3 (1.2) 18.1 (1.0)
Upper 17.1 (1.4) 13.3 (1.3) 15.0 (1.2)
Education (y)
<9 50.2 (1.8) 78.6 (1.5) 65.8 (1.4)
10-12 29.8 (1.5) 15.1 (1.1) 21.7 (1.0)
13< 19.8 (1.5) 6.2 (0.8) 12.3 (0.9)
Having chronic disease? vs. none 69.0 (1.5) 83.2 (1.0) 76.8 (0.9)
Body mass index, mean (SE) 23.5(0.1) 24.4 (0.1) 24.0 (0.1)
Underweight 3.7 (0.6) 1.8 (0.4) 2.7 (0.4)
Normal 40.5 (1.6) 33.9 (1.6) 36.8 (1.1)
Overweight 25.8 (1.3) 24.7 (1.3) 25.2(0.9)
Obese 29.8 (1.4) 39.3 (1.4) 35.0 (1.0)
Height (SE) 165.7 (0.2) 152.6 (0.2) 158.5 (0.2)
Weight (SE) 64.6 (0.3) 56.9 (0.3) 60.4 (0.2)
Waist circumference (SE) 84.8 (0.3) 82.5(0.3) 83.5(0.3)
Current smoker 25.2 (1.5) 2.1(0.4) 12.5 (0.8)
Alcohol intake frequency per week
0 28.0 (1.4) 58.3 (1.5) 44.7 (1.1)
1 38.7 (1.7) 36.3 (1.5) 37.4 (1.1)
2< 33.1(1.6) 5.3 (0.6) 17.8 (0.9)
MET/week (SE) 2275.1 (92.8) 1542.6 (66.3) 1872.1 (57.5)
Inactive 23.1(1.3) 41.0 (1.6) 33.0 (1.1)
Minimally active 53.9 (1.6) 47.0 (1.5) 50.1 (1.2)
Health enhancing 22.8 (1.4) 11.8 (0.8) 16.8 (0.8)
127 SE, standard error; MET, metabolic equivalent for task. ! Values are presented as mean or proportion (standard
128 error) unless otherwise indicated. 2 Chronic diseases include hypertension, dyslipidemia, stroke, myocardial
129 infarction, ischemic heart disease, osteoarthritis, rheumatoid arthritis, asthma, diabetes, thyroid disease, chronic
130 kidney disease, chronic viral hepatitis, and liver cirrhosis, and any types of cancer.
131 3.2. Characteristics of study participants according to protein intake
132 Total protein intake of males was 67.1 + 1.1 g/d, accounting for 13.1 + 0.1% of the total energy

133  intake (Table 2). Total protein intake per body weight was 1.1 + 0.02 g/kg/d, of which 0.6 + 0.01
134  g/kg/d was from plant sources and 0.4 + 0.02 g/kg/d was from animal sources, thus the proportion of
135  animal protein to the total protein was 33.4 + 0.7%. Females reported lower total protein intake (0.9 +
136 0.02 g/kg/d) and lower proportion of animal to total protein (29.0 + 0.7%) than males. Plant protein
137  intake was the main contributor to the total protein intakes in both sexes. The energy % from
138  carbohydrate (p < 0.001) decreased, and that from fat (p < 0.001) increased in both sexes as the
139  quartiles of total protein intake (g/kg/d) increased.

140 In males, total protein intake was positively associated with both plant (p < 0.001) and animal (p
141  <0.001) protein intake. From the lowest to highest quartiles of total protein intake, the plant protein
142 intake approximately doubled from 28.0 + 0.5 g/d to 52.7 + 1.3 g/d while animal protein increased six
143 times from 8.1 + 0.4 g/d to 53.4 + 2.5 g/d. Similar patterns were observed in females. The increase in
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animal protein intake, rather than plant protein intake contributed more to the increase of total

protein intake.

Table 2. Energy and macronutrient intake, anthropometric characteristics, and physical activity level

by the quartiles of daily total protein intake per weight of Korean elderly population

01

04

Mean (SE)? (lowest) Q2 Q3 (highest) Total
Male
Median, g/kg/d 0.57 0.83 1.12 1.62
Unweighted, n 281 282 282 282 1127
Age, y* 707 (04)  69.7(04)  684(04)  69.1(04)  69.5(0.2)
Total energy intake, kcal/dt (1;: 3)3 (12852 (;)8 (222 912)1 ?4753 ;2 (220 ; :;)3
% energy from
carbohy d%Zte, ot 745(07)  69.0(0.8)  67.2(0.6)  59.9(09)  67.8(0.4)
% energy from fat, %+ 9.9 (0.4) 127(0.5)  14.8(04)  184(07)  13.9(0.3)
Protein, total, g/d+ 363(0.5)  54.9(0.6)  722(0.8)  107.3(21) 67.1(L1)
% energy from protein, %t 10.6(02)  125(02)  134(02)  161(03)  13.1(0.1)
Protein, total, g/kg/d+ 0.5 (0.0) 0.8 (0.0) 1.1 (0.0) 1.8 (0.0) 1.1 (0.0)
Plant protein, g/d+ 28.0(0.5  36.9(0.7)  45.0(0.9)  52.7(1.3)  40.5(0.5)
Plant protein, g/kg/dt 0.4 (0.0 0.6 (0.0) 0.7 (0.0) 0.9 (0.0) 0.6 (0.0)
Animal protein, g/dt 8.1(0.4) 17.2 (0.8) 26.5 (1.1) 53.4 (2.5) 25.9 (0.9)
Animal protein, g/kg/dt 0.1 (0.0) 0.3 (0.0) 0.4 (0.0) 0.9 (0.0) 0.4 (0.0)
A/T protein proportion, %t  209(1.0)  305(12)  36.0(13)  46.8(1.4)  33.4(0.7)
BMI, kg/m2t 2419 (0.20) 23.93 (021) 23.52(0.19) 22.27(0.20) 23.49 (0.11)
Height, cm 1663 (0.5) 165.6(0.3)  165.4(0.4)  165.5(04)  165.7 (0.2)
Weight, kgt 67.0(0.7)  657(0.6)  644(0.6)  61.1(0.7)  64.6(0.3)
Waist circumference, cmt 87.3 (0.6) 86.3 (0.7) 84.1 (0.6) 81.5 (0.6) 84.8 (0.3)
Physical activity, 2145.8 2257.6 2218.9 2488.3 2275.1
MET/week (157.9) (195.9) (155.2) (181.2) (92.8)
Female
Median, g/kg/d 0.46 0.70 0.95 1.46
Unweighted, n 355 356 356 355 1422
Age, yt 705(04)  69.4(04)  685(04)  67.8(04)  69.0(0.2)
Total energy intake, kcal/dt (11072 96)2 (1233;0 226 28 56)2 ?32;1 2)2 225092)1
% energy from
carbohy dngte, ot 783(0.5)  749(05)  724(0.6)  66.6(0.7)  73.0(0.3)
% energy from fat, %+ 9.8 (0.4) 12.1(04)  135(04)  174(05)  13.2(0.3)
Protein, total, g/d+ 268(0.5) 407 (04)  537(05)  844(14)  51.6(0.8)
% energy from protein, %t 10.6 (0.2) 12.0 (0.1) 13.2(0.2) 15.4 (0.3) 12.8 (0.1)
Protein, total, g/kg/d+ 0.5 (0.0) 0.7 (0.0) 1.0 (0.0) 1.6 (0.0) 0.9 (0.0)
Plant protein, g/d+ 212(0.4) 304 (05)  374(07)  472(1.0)  34.1(0.5)
Plant protein, g/kg/dt 0.4 (0.0 0.5 (0.0) 0.7 (0.0) 0.9 (0.0) 0.6 (0.0)
Animal protein, g/d+ 5.6 (0.4) 102(05)  162(0.7)  37.0(1.4)  17.4(0.6)
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Animal protein, g/kg/dt 0.1 (0.0) 0.2 (0.0) 0.3 (0.0) 0.7 (0.0) 0.3 (0.0)
A/T protein proportion, %t  19.2 (1.1) 245 (1.1) 29.8 (1.1) 42.0(1.1) 29.0(0.7)
BMI, kg/m?t 25.49 (0.23) 24.83(0.19) 24.06(0.17) 23.30(0.19) 24.41(0.11)
Height, cm 152.4(0.3)  152.6 (0.4) 152.3(0.3) 1529(0.4) 152.6(0.2)
Weight, kgt 59.3 (0.6) 58.0 (0.5) 55.9 (0.4) 54.5 (0.5) 56.9 (0.3)
Waist circumference, cmt 85.6 (0.6) 83.1 (0.6) 81.4 (0.5) 79.9 (0.6) 82.5(0.3)
Physical activity, 1140.3 1488.0 1666.8 1867.1 1542.6
MET/weekt (96.3) (114.3) (130.7) (168.0) (66.3)

148 SE, standard error; BMI, body mass index; Q, quartile, MET, metabolic equivalent for task; A/T protein
149  proportion, animal total protein proportion. ! Values are presented as mean (standard error) unless otherwise
150 indicated. *p < 0.005, tp < 0.001 by trend test

151  3.3. Body mass index, waist circumference and protein intake

152 The daily intake of plant protein (p <0.001, p < 0.001, respectively), animal protein (p = 0.016, p =
153  0.010) and total protein (p < 0.001, p < 0.001) were all inversely associated with BMI and WC, after
154  adjusting covariates in both males and females (Figure 1, 2). The associations between protein intake
155  and obesity index were marked more in the plant protein than in the animal protein.

156  3.4. Markers of kidney function and protein intake

157 To explore the relationship between protein intake and renal function, we excluded 18
158  participants who reported physician-diagnosed renal disease and 311 patients who had missing data
159 on serum creatinine, so that the data of 2,220 participants (1,007 males and 1,213 females) were
160  included in this analysis (Table 3). None of plant protein, animal protein, and total protein intake
161  had significant relationship with serum creatinine or GFR in both sexes.
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Figure 1. Adjusted body mass index (kg/m?) by the quartiles of daily animal, plant, and total protein intake per weight (g/kg/d) in Korean elderly population. (a) Male,
(b) Female

All models are adjusted for age (year), household income quartile, education (<9y, 10-12y, 13y<) chronic disease (yes or no), current smoking status (yes or no), alcohol
intake frequency per week (0, 1, 2<), physical activity (MET/week), % energy from fat (%), % energy from carbohydrate (%) and total energy intake (kcal); Participants
were divided into quartiles for daily animal, plant, and total protein intake per weight (g/kg/d); Male animal (Q1 <0.13, Q2 0.13-0.29, Q3 0.30-0.56, Q4 0.56<), Female
animal (Q1 <0.07, Q2 0.07-0.21, Q3 0.21-0.40, Q4 0.40<), Male plant (Q1 <0.45, Q2 0.45-0.61, Q3 0.62-0.79, Q4 0.79<), Female plant (Q1 <0.42, Q2 0.42-0.57, Q3 0.58-0.74, Q4
0.74<), Male total (Q1 <0.70, Q2 0.70-0.97, Q3 0.98-1.30, Q4 1.30<), Female total (Q1 <0.59, Q2 0.59-0.82, Q3 0.83-1.14, Q4 1.14<)
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Figure 2. Adjusted waist circumference by the quartiles of daily animal, plant, and total protein intake per weight (g/kg/d) in Korean elderly population (a) Male, (b)
Female.

All models are adjusted for household income quartile, education (<9y, 10-12y, 13y<), presence of chronic disease (yes or no), current smoking status (yes or no), alcohol
intake frequency per week (0, 1, 2<), age (year), physical activity (MET/week), % energy from fat (%), % energy from carbohydrate (%) and total energy intake (kcal);
Participants were divided into quartiles for daily animal, plant, and total protein intake per weight (g/kg/d); Male animal (Q1 <0.13, Q2 0.13-0.29, Q3 0.30-0.56, Q4 0.56<),
Female animal (Q1 <0.07, Q2 0.07-0.21, Q3 0.21-0.40, Q4 0.40<), Male plant (Q1 <0.45, Q2 0.45-0.61, Q3 0.62-0.79, Q4 0.79<), Female plant (Q1 <0.42, Q2 0.42-0.57, Q3
0.58-0.74, Q4 0.74<), Male total (Q1 <0.70, Q2 0.70-0.97, Q3 0.98-1.30, Q4 1.30<), Female total (Q1 <0.59, Q2 0.59-0.82, Q3 0.83-1.14, Q4 1.14<)
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177 Table 3. Adjusted GFR and serum creatinine of kidney function by quartiles of daily animal, plant, and total protein intake per weight in Korean elderly population
Male (n=1,004) Female (1=1,206)
p for p for

Quartiles Q1 Q2 Q3 Q4 trend Q1 Q2 Q3 Q4 trend
GFR, mL/min/1.73m?2

Total 775+1.1 76.7+1.1 775+1.1 79.0+1.1 0.400 79.1x21 79.1+22 81.4+22 80.6+2.3 0.324
Plant 776 +1.1 782+1.2 75.5+1.2 755+1.2 0.104 79.7+20 79.1+21 79.5+22 82.0+2.2 0.193
Animal 779+13 773+1.1 77.1+1.0 77.1+1.0 0.769 78.2=x21 81.3+21 80.2+2.2 80.4+2.3 0.203
Creatinine, mg/dL

Total 1.00 + 0.02 1.01+0.01 1.00+0.01 0.98 +0.01 0360 0.76+0.02 076+0.02 074+0.02 0.75+0.02 0.560
Plant 1.00 + 0.02 0.99 +0.02 1.03 +£0.02 0.97+0.01 0.057 0.76+0.02 077+0.02 076+0.02 0.73+0.02 0.062
Animal 0.99 +0.02 1.00+0.01 1.00 +0.01 0.99 £ 0.01 0791 0.76+0.02 0.74+0.02 0.75+0.02 0.76+0.02 0.244

178 Q, quartile; GFR, glomerular filtration rate. Adjusted for age (year), BMI (kg/m?), physical activity (MET/week), household income quartiles, current smoking status (yes or no), and
179 alcohol intake frequency per week (0, 1, 2<); Participants were divided into quartiles for daily animal, plant, and total protein intake per weight (g/kg/d); Male animal (Q1 <0.13, Q2
180 0.13-0.29, Q3 0.30-0.56, Q4 0.56<), Female animal (Q1 <0.07, Q2 0.07-0.21, Q3 0.21-0.40, Q4 0.40<), Male plant (Q1 <0.45, Q2 0.45-0.61, Q3 0.62-0.79, Q4 0.79<), Female plant (Q1 <0.42,
181 Q2 0.42-0.57, Q3 0.58-0.74, Q4 0.74<), Male total (Q1 <0.70, Q2 0.70-0.97, Q3 0.98-1.30, Q4 1.30<), Female total (Q1 <0.59, Q2 0.59-0.82, Q3 0.83-1.14, Q4 1.14<)
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182 4. Discussion

183 There exists controversy whether animal and plant proteins have different effect on obesity. In
184  this study with a representative sample of Koreans aged 60 years or older, not only the total protein
185 intake, both animal and plant protein intakes were negatively associated with lower BMI and WC.

186  4.1. Total protein, plant protein, animal protein and obesity

187 Though there has been some consensus on the beneficial effect of protein intake for obesity
188 index such as BMI and WC, there has been inconsistent results on whether the source of proteini.e.,
189  plant or animal has different effects on obesity [1,2,11,12]. Previous studies showed that protein
190  intake from plant source improved obesity index in cross-sectional and longitudinal studies. Lin et
191  al. [4] reported that plant protein intake correlated inversely with BMI and WC in Belgian adults.
192  Deibert et al. [13] reported that in subjects with overweight and obesity, body weight and BMI
193  decreased as soy protein intake increased. In addition, we found a negative association between
194 plant protein intake and the obesity index.

195 Nonetheless, the effect of animal protein intake on obesity showed conflicting results. Berryman
196 et al. [12] reported from the US National Health and Nutrition Examination Survey that animal
197  protein intake was negatively associated with the risk of obesity and abdominal obesity. By contrast,
198  Bujnowski et al. [14] reported that obesity risk increased with an increase in animal protein intake
199  from a longitudinal study followed for 7 years. Alkerwi et al. [15] also reported that the risk of
200  abdominal obesity increases with increasing intake of meat, fish and fish products. In our study, it
201  was found that animal protein intake correlated negatively with BMI and WC.

202 The reason for inconsistent results regarding protein of animal source is unclear. Possible
203  explanations are differences in culinary culture among countries leading to different quality and
204  quantity of protein intake. Studies whose participants had a high daily protein intake tend to show
205  positive associations between protein intake and obesity while those with a low protein intake tend
206  to display negative associations. For example, the mean intake of the lowest quartile of animal
207  protein in the study of Bujnowski et al. [14] was 74.7 g/d, which was substantially higher than the
208  highest quartile of animal protein intake (53 g/d for males, 37 g/d for females) in our study. Alkerwi
209 et al. [15] reported 2.5 fold higher mean animal protein intake (53.9 g/d) than ours (21.2 g/d).
210  Berryman et al. [12], showed negative associations between animal protein intake and obesity and
211  the mean animal protein intake was 37.4 g/d which was lower than those from other western
212 studies. Taken together, we carefully suggest that there may be a J-curve relationship between
213  animal protein intake and obesity index. Below the threshold, animal protein intake might lessen
214 obesity, and above that threshold, it might worsen obesity. More studies should be needed to
215  confirm our hypothesis.

216 4.2. Mechanism that protein intake affects obesity

217 Several mechanisms have been suggested to explain the observed association between protein
218  intake and obesity. First, protein is the least efficient energy source among macronutrients using
219  more energy in the metabolic process than carbohydrates or fats [16,17]. Second, protein increases
220  satiety, resulting in less additional food intake [18]. The increase of peptide YY, an
221  appetite-suppressing hormone from the gastrointestinal tract [19], and the decrease of Ghrelin, a
222  hormone that increases appetite from the gastric parietal cells are the suggested underlying
223  mechanisms for the satiety [20]. Cholecystokinin secreted from the duodenum by the intake of
224 protein also suppresses appetite [21]. In addition, GLP-1 secretion induced by protein intake from
225  the L-cell of the distal small intestine lowers the gastric emptying rate and increases satiety to
226  suppress appetite [22]. Third, the sufficient protein intake in the elderly increases lean body mass
227  and prevents sarcopenia, leading to an increase in both basal metabolism and physical activity,
228  which in turn reduces obesity risk [23].
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229  4.3. Renal function and protein intake

230 One of the biggest concerns of protein intake is the possibility of impairment of renal function.
231  Especially, since a low protein diet has been recommended to individuals with renal disease to
232  prevent or slow the progression of renal damage. However, a recent US national study
233  demonstrated that protein intake is not associated with a decrease in renal function in adults without
234 chronic kidney disease [12]. These results are in line with ours. Meta-analysis of dietary intervention
235  studies reported that high protein diet does not decrease GFR, in contrast it improves the GFR in
236  healthy adults [24].

237 The RDA of protein intake for Koreans is 0.91 g/kg/d, which is lower than that of 1.0-1.2 g/kg by
238  European Society for Clinical Nutrition and Metabolism (ESPEN) and European Union Geriatric
239  Medicine Society (EUGM) [25,26]. Currently, protein intake greater than the RDA is recommended
240  to increase muscle mass, strength and physical function in elderly with normal renal function [27].
241  However, 5 out of 10 Korean males and 4 out of 10 Korean females over 60 years old do not even
242  meet the RDA [5]. Considering this, the protein intake at least up to the RDA must be encouraged for
243  Korean elderly with normal renal function than overemphasizing the less possible risk of renal side
244 effects.

245  4.4. Limitations and strengths of this study

246 This study has some limitations. First, the one-day 24-hour recall data might have been too
247  short to represent the usual intake of study participants, while the self-reported data have an
248  inherent limitation of reporting bias. Second, the cross-sectional study design could not infer any
249  causal relationships between protein intake and obesity index. Third, body composition analysis like
250  the Dual-Energy X-ray Absorptiometry was not performed; it was not possible to assess the detailed
251  relationship between protein intake and individual components (ie, fat, muscle, and bone) of body
252  composition.

253 Despite the limitations, this study is the first in Korea to distinguish protein by its source while
254 studying its effect on obesity. To the best of our knowledge, this study is the first in Asia.

255 5. Conclusions

256 In Korean adults aged 60 years or older, the protein intake was associated with a favorable
257  obesity index without decrease in renal function. The effect was similar in both male and females,
258  with both animal and plant proteins. This outcome has potential public health implications, as
259  promotion of a proper protein intake might attenuate obesity epidemics and subsequent
260  cardiometabolic risks in the aged Korean population. Additional studies are warranted to explore
261  and validated our findings.
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