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Background and Objectives: To investigate the relationship between sodium (Na) and potassium (K) nutritional 
condition and body compositions in youth aiming to give target population reasonable diet recommendations. 
Methods and Study Design: The cross-sectional study was conducted involving 512 healthy youth aged 18 to 31 
years from universities in Beijing. Food frequency questionnaire (FFQ) and bioelectrical impedance analyzer (BIA) 
were used to collect dietary intake information and body compositions. Results: There was an increasing tendency 
in fat-related indicators and muscle-related indicators of the dietary Na tertile group (p <0.05). Additionally, Weight, 
body mass index (BMI), waist circumference (WC), and muscle-related indicators increased with the dietary K 
tertile group (p <0.05). Across increasing tertiles of dietary Na intake, the odds ratio (OR) was increased signifi-
cantly (p < 0.05) in fat-related indicators. On the contrary, with the increased dietary Na intake, the OR decreased 
(p < 0.05) in appendicular skeletal muscle mass index (ASMI) and body lean mass. As tertiles of dietary K intake 
increased, the OR in both skeletal muscle mass index (SMMI) and lean mass index (LMI) decreased. Conclusions: 
High dietary Na is a risk factor for abnormal lipid distribution in college students. High dietary K can maintain 
skeletal muscle mass and reduce the risk of obesity. Na in the diet has a greater impact on the body composition of 
young people than K. Low dietary Na and high dietary K still need to be strengthened in science popularization and 
practice among more college students. 
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INTRODUCTION 
Sodium (Na) and potassium (K) are essential minerals for 
homeostasis in humans because they contribute to the 
maintenance of osmotic balance.1 As we all know, dietary 
intakes of Na and K are an important daily source for the 
human body.2 However, modern human diets are both high 
in salt (NaCl) and deficient in K-rich foods. 

There is no doubt that higher dietary Na intake could be 
one of the main causes of increased blood pressure and in-
creased risk of cardiovascular disease (CVD).3-7 On the 
other hand, there is evidence that increased K intake has 
health benefits such as maintaining blood pressure and has 
no adverse effect on blood lipid concentrations, catechola-
mine concentrations, or kidney function in adults.8 Further-
more, emerging data suggested that an increased dietary 
Na/K ratio was more strongly associated with an increased 
risk of hypertension and CVD than Na and K considered 
separately.9-11 

Given the importance of dietary Na and K intakes for 
health, Institute of Medicine (IOM) and World Health Or-
ganization (WHO) proposed the Dietary Reference Intakes 
(DRIs) for adults. In China, the proposed Na intake for the 
prevention of chronic non-communicable diseases (PI-
NCD)  i s  2000  m g/ d and  the  AI  i s  1500m g/ d.  

 
 
PI-NCD of K is 3600mg/d and the AI of the Chinese is 
2000 mg/d. 

Data from the 2010-2012 CNNHS demonstrated that the 
mean Na intake of Chinese was 5013 (95% Confidence In-
terval, CI: 4858, 5168) mg/d, and that 92.6 % of adults' Na 
intake was greater than that of PI-NCD.12 K intake of Chi-
nese was 1700 mg/d in 1991 and 1500 mg/d in 2015, far 
below the PI-NCD. The China Health and Nutrition Survey 
has shown that only 15.4 % of the participants consumed 
Na ≤2000 mg/d in 2015, PI-NCD recommended by China, 
and about 81 % of the population had K intake <2000 
mg/d, AI of Chinese in 2015.13 The dietary Na/K ratio was 
4.1 in 1991 and 3.1 in 2015. China had the highest Na/K 
ratio among the four countries. 
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Exploring the reason for Na and K on chronic disease, 

not only the direct effect, it could also be through affecting 
body compositions. Obesity, overweight, and excessive 
amounts of visceral adipose tissue as well as ectopic adi-
pose tissue largely increase the risk of chronic disease, par-
ticularly in hypertension and obesity.14 Physical abnormal-
ities induced by unreasonable diets could result in the long-
term effects of chronic illnesses in middle and old age. We 
tried to find out the relationship between Na/K nutritional 
condition and body compositions in youth aiming to give 
young people reasonable dietary Na and K intakes recom-
mendations. 
 
METHODS 
Study design and participants 
This cross-sectional study was conducted. 512 healthy 
youth aged 18 to 31 years, including 114 men and 398 
women, were recruited from universities in Beijing's urban 
and suburban areas. The sampling of college students was 
carried out randomly according to different grades. Sub-
jects were excluded if they were diagnosed with any dis-
ease, were taking medications, or had any medical condi-
tions that could affect growth, maturation, physical activ-
ity, nutritional status, or metabolism. Written informed 
consent was obtained from participants. The study was 
conducted in accordance with the Declaration of Helsinki 
and approved by the Ethics Committee of Capital Medical 
University (Approved number: Z2022SY008 and approval 
date: 9 March 2022). 
 
Dietary intake assessment 
The Food frequency questionnaire (FFQ) of the 2002 
China National Nutrition and Health Survey (CNHS 
2002),15 was used to collect dietary energy, Na, and K in-
takes information (n = 488), which was calculated accord-
ing to the Chinese Food Compositions Table.16 All foods 
were classified into 28 groups (Supplementary Table 1) ac-
cording to their nutritional profile. We calculated the total 
Na and K intake (tertiles) and the contribution (percentage 
of total Na or K intake) of each food group, and the ratio 
of Na/K intake (D[Na+]/[K+]). 

Participants were classified into three groups according 
to the tertiles of Na intake from FFQ (≤3066, 3067-3912, 
≥3913), K intake from FFQ (≤1301, 1302-1993, ≥1994) 
and D[Na+]/[K+] (≤1.78, 1.78-2.60, ≥2.60) separately. In 
addition, PI-NCD and AI of Chinese were also used as cut-
points to classify the different Na and K conditions of sub-
jects.17 Moreover, it included questions on age, sex, smok-
ing habits, alcohol consumption, and sugar-sweetened bev-
erages in the questionnaire. Sugar-sweetened beverages 
contained soft drinks, sports drinks, industrialized juices, 
industrialized tea, concentrated syrup, industrialized fruit 
nectar, etc. 
 
Anthropometric and body compositions measures 
Trained personnel measured participants' weight, height, 
and waist circumference (WC). Body mass index (BMI) 
was classified according to the standards of slim (<18.5 
kg/m2), normal (18.5-24 kg/m2), overweight (24-28 
kg/m2), obesity (≥28 kg/m2).18 Waist-to-hip ratio (WHR) 
was calculated as WC divided by hip circumference in 

meters. Abdominal obesity was defined as WC ≥85cm for 
men and ≥80cm for women,18 or WHR >0.90 for men and 
>0.85 for women.19 

Body composition measurements were taken according 
to the manufacturer’s protocol of the bioelectrical imped-
ance analyzer (BIA, Inbody 770 Co., Seoul, Korea).20 Vis-
ceral fat area (VFA) ≥80 cm2 was defined as abdominal 
obesity. Total-body percentage fat (TBPF) ≥25 % for men 
and ≥30 % for women was defined as obesity.21 The fat 
mass index (FMI) cutoff value for overfat was 7.75 kg/m2 
for men and 8.16 kg/m2 for women.22 For men, the cutoff 
value for low body muscle was 14.15 kg/m2 for fat-free 
mass index (FFMI), 7.0 kg/m2 for appendicular skeletal 
muscle mass index (ASMI), 9.2 kg/m2 for skeletal muscle 
mass index (SMMI), 15.33 kg/m2 for lean mass index 
(LMI) and 45.58 kg for body lean mass, separately. For 
women, the corresponding cutoff value was 13.82 kg/m2 
(FFMI), 5.7 kg/m2 (ASMI), 7.4 kg/m2 (SMMI), 12.07 
kg/m2 (LMI), and 31.42 kg (body lean mass), separately.22-

25 

We defined fat-related indicators including TBPF, VFA 
and FMI, while muscle-related indicators included FFMI, 
ASMI, SMMI, LMI and body lean mass. Weight, BMI, 
WC and WHR were the physique indicators. 
 
Serum lipids measurement 
The subjects who measured (n = 61) serum lipids including 
total cholesterol, high-density lipoprotein cholesterol 
(HDL-c), low-density lipoprotein cholesterol (LDL-c), and 
triglyceride (TG) by an enzymatic method in automatic bi-
ochemistry analyzer (Olympus AU480, Japan).26 Non-
HDL-c was expressed as total cholesterol minus HDL-c. 
 
Statistical analysis 
Shapiro-Wilk or Kolmogorov-Smirnov (KS) and Levene 
tests confirmed normal distribution and homogeneity of 
variances. It compared categorical variables using the chi-
square test and continuous variables using the Mann-Whit-
ney U test. The food groups ranked according to their con-
tribution to Na and K intake by BMI groups. 

To compare differences in selected characteristics be-
tween groups, the Kruskal-Wallis test followed by Bonfer-
roni post hoc comparison was used for continuous varia-
bles and the chi-square test was used for categorical varia-
bles. Robust linear regression, instead of ordinary linear 
regression, was chosen to assess the association of 
D[Na+]/[K+], dietary Na intake and dietary K intake as the 
independent variables with TBPF, because robust linear re-
gression mitigated the potential effects of the right-skewed 
distribution of variables on the regression fit.27 Further-
more, it adjusted the factors of age, energy intake, alcohol 
intake, and sugar-sweetened beverages intake in the robust 
linear regression. 

Logistic regression analyses were used to do the associ-
ation assessment. In multivariate models, model-a was ad-
justed for sex, age, and alcohol intake; model-b was ad-
justed for sex, age, alcohol intake, and energy intake; 
model-c was adjusted for sugar-sweetened beverages in-
take instead of energy intake; model-d was more adjusted 
for both energy intake and sugar-sweetened beverages in-
take based on model-a. p of the rows and columns lower 
than 0.07 were listed. 
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It conducted all statistical analyses using the software 
package IBM SPSS Statistics version 21® (IBM Corp., Ar-
monk, NY, USA). All tests were two-sided, and a p<0.05 
indicates statistical significance.. 
 
RESULTS 
Baseline characteristics 
Data from 512 participants were analyzed, composed of 
114 men and 398 women aged 18 to 31 years, which were 
shown in Table 1. The median dietary intakes of Na and K 
and D[Na+]/[K+] were 3507 (2912, 4212) mg/d, 1595 
(1146, 2207) mg/d and 2.19 (1.63, 2.90). 

There was no difference between two genders in age, 
WHR, dietary intake of K and several serum lipids (total 
cholesterol, non-HDL-c, and LDL-c). The nutritional sta-
tus of TBPF, VFA, FMI, and blood of HDL-c in women 
was reported higher than in men. However, weight, BMI, 
height, WC, FFMI, ASMI, SMMI, LMI, body lean mass, 
intake from FFQ (energy, Na, D[Na+]/[K+], and sugar-
sweetened beverages), alcohol intake, and TG were higher 
in men than women. 

 

Food subgroups contribute to Na and K intake 
Top 10 foods and beverage categories that contributed Na 
and K to participants’ dietary intake were listed according 
to four BMI groups (Table 2). In the slim group, the top 
three foods contributing to daily Na intake were added salt 
(1879 mg/d, 68.9 %), sauce (234 mg/d, 9.16 %) and milk 
(188.9 mg/d, 7.40 %); in the normal group, added salt also 
took the lead (2113 mg/d, 69.4 %), and sauce (289 mg/d, 
9.48 %) and milk (189 mg/d, 6.21 %) were followed; in 
overweight, added salt took the highest contribution (2648 
mg/d, 71.9 %), then next was sauce (342 mg/d, 9.29 %), 
followed by milk (214 mg/d, 5.81 %); in obesity, top three 
were added salt (3518 mg/d, 72.3 %), sauce (489 mg/d, 
9.35 %) and milk (299 mg/d, 6.14 %). Besides, in the slim 
group, the top three foods contributing to daily K intake 
were milk (461 mg/d, 37.4 %), red meat (237 mg/d, 19.2 
%) and dark vegetables (86.7 mg/d, 7.02%); in the normal 
group, milk also took the lead (461 mg/d, 37.1 %), and 
dark vegetables(137 mg/d, 11.0 %) and red meat (118 
mg/d, 9.53 %) were followed; in overweight, milk took the 
highest contribution  (522 mg/d, 39.3 %), then next was 

 
Table 1. Baseline characteristics of participants 
 

 Total sample Man Woman p 
n 512 114 398  
Age, y 20.0 (19.0, 22.0) 20.0 (19.0, 21.0) 20.0 (19.0, 22.0) 0.360 

Weight, kg 58.7 (53.4, 66.1) 71.6±12.3 56.9 (52.5, 62.4) <0.001* 
BMI, kg/m2 21.7 (20.3, 23.8) 22.6 (20.9,25.2) 21.5 (20.1, 23.6) <0.001* 

Slim, n (%) 34 (6.8) 6 (5.3) ‡, §, ¶ 28 (7.3) ‡, §, ¶ <0.001* 
Normal, n (%) 352 (70.7) 66 (58.4) †, §, ¶ 286 (74.3) †, §, ¶  
Overweight, n (%) 85 (17.1) 26 (23.0) †, ‡, ¶ 59 (15.3) †, ‡, ¶  
Obesity, n (%) 27 (5.4) 15 (13.3) †, ‡, § 12 (3.1) †, ‡, §  

Height, m 164 (159, 170) 175±6.05 162±5.88 <0.001* 
Waist circumference, cm 77.7 (73.2, 82.8) 80.0 (74.3, 88.2) 77.0 (72.6, 81.9) <0.001* 
total-body percentage fat, % 30.2 (24.4, 34.3) 20.23±6.56 32.1 (27.9, 35.4) <0.001* 
Waist-hip ratio 0.84 (0.81, 0.87) 0.83 (0.80, 0.87) 0.84 (0.81, 0.87) 0.314 
VFA, cm2 73.2 (55.4, 101) 56.3 (39.6, 72.9) 81.2 (59.5, 105) <0.001* 
FMI, kg/m2 6.40 (5.00, 8.00) 4.30 (3.30, 5.85) 6.90 (5.60, 8.20) <0.001* 
FFMI, kg/m2 15.1 (14.3, 16.8) 18.4±1.76 14.7 (14.1, 15.5) <0.001* 
ASMI, kg/m2 6.15 (5.73, 6.97) 7.77±0.71 5.90 (5.63, 6.33) <0.001* 
SMMI, kg/m2 8.14 (7.60, 9.20) 10.29±1.07 7.90 (7.50, 8.36) <0.001* 
LMI, kg/m2 14.2 (13.4, 15.8) 17.3±1.64 13.8 (13.2, 14.5) <0.001* 
Body lean mass, kg 37.7 (34.5, 44.1) 53.2±6.77 32.4 (34.0, 38.9) <0.001* 
Sugar-sweetened beverages, 
mL/d 

35.0 (7.5, 105) 52.5 (7.5,250.0) 35.0 (7.5, 105) 0.007* 

Alcohol intake, n (%) 118 (24.2) 35 (32.7) 83 (21.8) 0.020* 
Total cholesterol, mmol/L 4.22±0.60 4.10±0.62 4.37±0.56 0.083 
HDL-c, mmol/L 1.21 (1.10, 1.39) 1.13±0.17 1.27 (1.20,1.63) <0.001* 
Non-HDL-c, mmol/L 2.98±0.51 2.97±0.61 2.98±0.39 0.922 
LDL-c, mmol/L 2.05 (1.83, 2.45) 2.21±0.57 2.02 (1.89,2.39) 0.569 
TG, mmol/L 0.94 (0.68, 1.33) 1.11 (0.76,1.66) 0.75 (0.65,1.01) 0.006* 
Intake from FFQ     

Energy, kcal/d 1781 (1424, 2296) 1965 (1604, 2575) 1692 (1384, 2230) <0.001* 
Sodium, mg/d 3507 (2912, 4212) 4450 (3774, 5316) 3292 (2775, 3909) <0.001* 
Potassium, mg/d 1595 (1146, 2207) 1639 (1208, 2449) 1581 (1124, 2149) 0.323 
D[Na+]/[K+] 2.19 (1.63, 2.90) 2.91±1.32 2.11 (1.57, 2.68) <0.001* 

 
BMI, body mass index; VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass 
index; SMMI, skeletal muscle mass index; LMI, lean mass index; FFQ, food frequency questionnaires; HDL-c, high-density lipoprotein 
cholesterol; non-HDL-c, total cholesterol minus HDL-c; LDL-c, low-density lipoprotein cholesterol; TG, triglyceride.  
Data are shown in the format of mean ± SD, median (P25, P75), n (%) unless otherwise specified.  
†p < 0.05, statistically different with slim 
‡p < 0.05, statistically different with normal 
§p < 0.05, statistically different with overweight 
¶p < 0.05, statistically different with obesity  
*p < 0.05  
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Table 2. Dietary top 10 food and beverage groups contributing to sodium and potassium intake in college students 
 

BMI Slim Normal 
Ranking Food groups mg/day % contribution Food groups mg/day % contribution 

Sodium  2995±581   3411 (2888, 3960)  
 1 Added salt 1879±352 68.9 Added salt 2113 (1844, 2677) 69.4 
 2 Sauce 234 (217, 256) 9.16 Sauce 289 (248, 373) 9.48 
 3 Milk 189 (63.5, 300) 7.40 Milk 189 (79.4, 316) 6.21 
 4 Bean products 78.3 (37.3, 245) 3.07 Bean products 110 (42.1, 224) 3.63 
 5 Red meat 68.6 (30.7, 68.6) 2.69 Fried food 60.8 (20.3, 122) 2.00 
 6 Processed meat 46.3 (43.0, 208) 1.81 Processed meat 46.3 (19.8, 139) 1.52 
 7 Flour 25.8 (6.5, 61.5) 1.01 Flour 38.8 (12.9, 61.5) 1.27 
 8 Eggs 25.8 (10.9, 51.7) 1.01 Dark vegetables 38.6 (12.2, 48.9) 1.27 
 9 Dark vegetables 24.4 (12.2, 48.9) 0.96 Red meat 34.3 (17.1, 68.6) 1.13 
 10 Poultry 20.6 (9.5, 41.2) 0.81 Eggs 33.3 (10.9, 51.7) 1.09 
Potassium  1423 (1093, 1807)   1605 (1093, 2195)  
 1 Milk 461 (155, 733) 37.4 Milk 461 (194, 738) 37.1 
 2 Red meat 237 (106, 237) 19.2 Dark vegetables 137 (43.3, 173) 11.0 
 3 Dark vegetables 86.7 (43.3, 173) 7.02 Red meat 118 (59.2, 237) 9.53 
 4 Poultry 72.2 (33.2, 144) 5.85 Bean products 81.4 (31.1, 165) 6.55 
 5 Bean products 57.8 (27.5, 181) 4.68 Poultry 57.0 (30.3, 114) 4.59 
 6 Fruits 50.9 (25.4, 65.6) 4.12 Fruits 50.9 (25.4, 102) 4.09 
 7 Dumpling 32.4 (10.8, 64,7) 2.62 Coarse grains 44.9 (15.0, 107) 3.61 
 8 Coarse grains 32.3 (6.4, 66.3) 2.62 Eggs 40.5 (13.2, 62.9) 3.26 
 9 Eggs 31.4 (13.2, 62.7) 2.55 Flour 38.7 (12.9, 61.4) 3.11 
 10 Light vegetables 31.0 (19.5, 92.9) 2.51 Dumpling 32.4 (16.2, 77.0) 2.60 
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Table 2. Dietary top 10 food and beverage groups contributing to sodium and potassium intake in college students 
 

BMI Slim Normal 
Ranking Food groups mg/day % contribution Food groups mg/day % contribution 

Sodium  2995±581   3411 (2888, 3960)  
 1 Added salt 1879±352 68.9 Added salt 2113 (1844, 2677) 69.4 
 2 Sauce 234 (217, 256) 9.16 Sauce 289 (248, 373) 9.48 
 3 Milk 189 (63.5, 300) 7.40 Milk 189 (79.4, 316) 6.21 
 4 Bean products 78.3 (37.3, 245) 3.07 Bean products 110 (42.1, 224) 3.63 
 5 Red meat 68.6 (30.7, 68.6) 2.69 Fried food 60.8 (20.3, 122) 2.00 
 6 Processed meat 46.3 (43.0, 208) 1.81 Processed meat 46.3 (19.8, 139) 1.52 
 7 Flour 25.8 (6.5, 61.5) 1.01 Flour 38.8 (12.9, 61.5) 1.27 
 8 Eggs 25.8 (10.9, 51.7) 1.01 Dark vegetables 38.6 (12.2, 48.9) 1.27 
 9 Dark vegetables 24.4 (12.2, 48.9) 0.96 Red meat 34.3 (17.1, 68.6) 1.13 
 10 Poultry 20.6 (9.5, 41.2) 0.81 Eggs 33.3 (10.9, 51.7) 1.09 
Potassium  1423 (1093, 1807)   1605 (1093, 2195)  
 1 Milk 461 (155, 733) 37.4 Milk 461 (194, 738) 37.1 
 2 Red meat 237 (106, 237) 19.2 Dark vegetables 137 (43.3, 173) 11.0 
 3 Dark vegetables 86.7 (43.3, 173) 7.02 Red meat 118 (59.2, 237) 9.53 
 4 Poultry 72.2 (33.2, 144) 5.85 Bean products 81.4 (31.1, 165) 6.55 
 5 Bean products 57.8 (27.5, 181) 4.68 Poultry 57.0 (30.3, 114) 4.59 
 6 Fruits 50.9 (25.4, 65.6) 4.12 Fruits 50.9 (25.4, 102) 4.09 
 7 Dumpling 32.4 (10.8, 64,7) 2.62 Coarse grains 44.9 (15.0, 107) 3.61 
 8 Coarse grains 32.3 (6.4, 66.3) 2.62 Eggs 40.5 (13.2, 62.9) 3.26 
 9 Eggs 31.4 (13.2, 62.7) 2.55 Flour 38.7 (12.9, 61.4) 3.11 
 10 Light vegetables 31.0 (19.5, 92.9) 2.51 Dumpling 32.4 (16.2, 77.0) 2.60 

 
 
 

 

 
 
 
 
 
 
Table 2. Dietary top 10 food and beverage groups contributing to sodium and potassium intake in college students (cont.) 
 

BMI Overweight Obesity 
Ranking Food groups mg/day % contribution Food groups mg/day % contribution 

Sodium  4207±998   4865 (4368, 5485)  
 1 Added salt 2648 (2258, 3296) 71.9 Added salt 3518 (2837.8, 3863.1) 72.3 
 2 Sauce 342 (298, 398) 9.29 Sauce 489±119 9.35 
 3 Milk 214 (109, 359) 5.81 Milk 299 (189, 378) 6.14 
 4 Bean products 105 (57.4, 228) 2.86 Bean products 133 (45.5, 232) 2.73 
 5 Processed meat 92.6 (24.8, 185) 2.51 Fried food 122 (40.5, 164) 2.50 
 6 Fried food 60.8 (20.3, 173) 1.65 Processed meat 92.6 (0.00, 278) 1.90 
 7 Dark vegetables 37.6 (19.3, 48.9) 1.02 Flour 61.5 (25.8, 94.8) 1.26 
 8 Red meat 34.3 (23.0, 68.6) 0.93 Dark vegetables 38.6 (15.8, 87.5) 0.79 
 9 Flour 30.8 (25.8, 61.5) 0.84 Red meat 34.3 (27.1, 68.6) 0.70 
 10 Eggs 30.1 (12.9, 51.7) 0.82 Eggs 25.8 (10.9, 51.7) 0.53 
Potassium  1611 (1324, 2464)   1783 (1256, 2644)  
 1 Milk 522 (267, 876) 39.3 Milk 729 (461, 923) 45.2 
 2 Dark vegetables 134 (68.5, 173) 10.1 Dark vegetables 137 (55.9, 310) 8.49 
 3 Red meat 118 (79.3, 237) 8.92 Red meat 118 (93.5, 237) 7.34 
 4 Bean products 77.6 (42.4, 168) 5.84 Bean products 97.9 (33.6, 171) 6.07 
 5 Fruits 76.3 (32.0, 116) 5.75 Fruits 76.3 (26.7, 152.6) 4.73 
 6 Poultry 72.2 (31.7, 114) 5.44 Poultry 72.2 (12.6, 144) 4.47 
 7 Coarse grains 44.9 (15.0, 155) 3.38 Flour 61.4 (25.8, 94.6) 3.81 
 8 Eggs 36.7 (15.7, 62.9) 2.76 Light vegetables 48.9 (13.0, 111) 3.04 
 9 Dumpling 32.4 (12.1, 122) 2.44 Fried food 35.0 (11.7, 47.0) 2.17 
 10 Light vegetables 31.0 (13.0, 62.0) 2.33 Dumpling 32.4 (21.6, 97.1) 2.01 
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dark vegetables (134 mg/d, 10.1 %), followed by red meat 
(118 mg/d, 8.92 %); in obesity, top three were milk (729 
mg/d, 45.2 %), dark vegetables (137 mg/d, 8.49 %), and 
red meat (118 mg/d, 7.34 %). In addition, we found the 
total amounts of Na in different BMI groups were signifi-
cantly different, which was verified by an additional Krus-
kal-Wallis test (p < 0.001), but the difference was not 
found in K (p = 0.098). 
 
Association between Na and K and body compositions 
As shown in Table 3, BMI exceeding 24.0 kg/m2 was iden-
tified as obesity and overweight, and non-obesity was BMI 
lower than 23.9 kg/m2. For the men of overweight and obe-
sity, the adjusted robust linear regression β value related to 
the effect of D[Na+]/[K+] on TBPF was 2.349 (p < 0.001). 
Moreover, for the women of non-obesity, the β value was 
0.979 (p < 0.001). Except for the women of obesity and 
overweight, TBPF was significantly associated with die-
tary Na (p < 0.05), but the β values were markedly attenu-
ated. No relations were found between dietary K and 
TBPF. These data surfaced that D[Na+]/[K+] had a more 
considerable effect on TBPF for the men of overweight and 
obesity.  

The results obtained from the preliminary analysis of 
body compositions based on the tertiles of dietary Na in-
take, dietary K intake and D[Na+]/[K+], were set out in 
Table 4. There was an increasing tendency in physique in-
dicators (weight, BMI, WC and WHR), fat-related indica-
tors (VFA and FMI) and muscle-related indicators (FFMI, 
ASMI, SMMI, LMI and body lean mass) of the dietary Na 
tertile group (p < 0.05). Additionally, physique indicators 
(BMI and WC) and muscle-related indicators (FFMI, 
ASMI, SMMI, LMI and body lean mass) were increased 
in the dietary K tertile group (p < 0.05). Moreover, there 
was an increasing tendency in physique indicators (weight, 
WC and WHR) and muscle-related indicators (FFMI, 
ASMI, ASMI, SMMI, LMI and body lean mass) of the 
D[Na+]/[K+] tertile group (p < 0.05). There was no differ-
ence of age among the tertiles of dietary Na intake, dietary 
K intake and D[Na+]/[K+], separately (p < 0.05). The 

deference of sex was significant in the tertiles of dietary 
Na intake and D[Na+]/[K+]. 

In Table 5, physique indicators (weight) and muscle-re-
lated indicators (FFMI, ASMI, SMMI, LMI and body lean 
mass) in ≥2000mg/d and ≥3600 mg/d K consuming groups 
were significantly higher compared with <2000 mg/d and 
<3600 mg/d (p < 0.05). Furthermore, participants with 
≥2000 mg/d K consumption had higher physique indica-
tors (BMI and WC) than those with <2000 mg/d (p < 0.05). 

Table 6 used logistic regression to analyze the relation-
ship between the tertiles of dietary Na intake and body 
compositions quantitatively. Across increasing tertiles of 
dietary Na intake in model d, the odds ratio (OR) was in-
creased significantly (p < 0.05) in TBPF (1.00, 2.77 and 
6.19, respectively), WHR (1.00, 2.59 and 6.35, respec-
tively), VFA (1.00, 2.34 and 7.17, respectively) and FMI 
(1.00, 2.67 and 9.54, respectively). On the contrary, with 
the increased dietary Na intake in model d, the OR de-
creased (p < 0.05) in ASMI (1.00, 0.39 and 0.19, respec-
tively) and body lean mass (1.00, 0.20 and 0.02, respec-
tively). Model a, b, c and d were significant in all indicators 
except FFMI.  

As tertiles of dietary K intake increased (Table 7), both 
the OR of model-a and model-c in SMMI (3.63, 2.53 and 
1.00, respectively) and LMI (18.19, 11.28 and 1.00, re-
spectively) decreased. 
 
DISCUSSION 
The nutritional levels of minerals of youth were closely re-
lated to their physical growth. Several studies have shown 
an association between Na and K and body compositions. 
It is undoubtedly that the body health of youth would affect 
the follow-up health in middle and old age. Given this, we 
investigated the association between Na and K intake con-
ditions and body compositions in youth. From the slim 
group to the obesity group, dietary Na and K intakes in-
creased progressively. High Na and low K were likely to 
contribute to low muscle mass and obesity.

 
Table 3. Association of dietary sodium to potassium intake ratio, dietary sodium intake and dietary potassium intake 
with total-body percentage fat 
 

 β p 
D[Na+]/[K+]   
 Men of obesity and overweight 2.349 <0.001* 
 Men of non-obesity 0.716 0.242 
 Women of obesity and overweight 0.217 0.740 
 Women of non-obesity  0.979 <0.001* 
Dietary sodium   
 Men of obesity and overweight 0.003 0.031* 
 Men of non-obesity 0.002 0.031* 
 Women of obesity and overweight 0.001 0.428 
 Women of non-obesity  0.002 <0.001* 
Dietary potassium   
 Men of obesity and overweight 0.002 0.565 
 Men of non-obesity 0.001 0.686 
 Women of obesity and overweight -0.000 0.097 
 Women of non-obesity  -0.001 0.069 

 
Robust linear regression analyses were conducted between D[Na+]/[K+], dietary sodium and potassium intakes and total-body percentage 
fat adjusted for age, energy intake, alcohol intake and sugar-sweetened beverages intake. 
*p < 0.05. 
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Table 4. Selected characteristics of subjects according to the tertiles (T) of dietary sodium intake, dietary potassium intake and dietary sodium to potassium intake ratio 
 

 Dietary sodium  Dietary potassium  
 T1: ≤3066 mg/d T2: 3067-3912 mg/d T3: ≥3913 mg/d p T1: ≤1301 mg/d T2:1302-1993 mg/d T3: ≥1994 mg/d p 
         
Male, n (%) 5 (3.10) †, ‡ 34 (20.90) †, § 68 (42.00) ‡, § <0.001* 33 (20.20) 37 (22.70) 37 (22.80) 0.817 
Age, y 20.0  

(19.0, 22.0) 
20.0  

(19.0, 22.0) 
20.0  

(19.0, 21.0) 
0.682 20.0  

(19.0, 22.0) 
20.0  

(19.0, 22.0) 
20.0  

(19.0, 21.0) 
0.394 

Weight, kg 53.8  
(48.2, 57.5) †, ‡ 

58.7  
(54.0, 63.7) †, § 

66.0  
(59.4, 75.9) ‡, § 

<0.001* 57.0  
(51.9, 64.1) ‡ 

58.5  
(53.2, 66.0) 

60.7  
(55.2, 68.5) ‡ 

0.002* 

BMI, kg/m2 20.7±1.99 †, ‡ 21.4  
(20.4, 23.6) †, § 

23.6  
(21.7, 25.7) ‡, § 

<0.001* 21.1  
(19.8, 23.3) †, ‡ 

22.0  
(20.6, 24.2) † 

22.1  
(20.6, 23.8) ‡ 

0.001* 

Waist circumference, cm 74.4±5.38 †, ‡ 78.00±6.16 †, § 82.0 
(77.4, 89.1) ‡, § 

<0.001* 76.4  
(71.3, 81.4) ‡ 

77.6  
(73.6, 83.5) 

78.8  
(74.3, 83.3) ‡ 

0.020* 

Total-body percentage fat, % 29.2±5.56 31.10  
(24.90, 34.50) 

30.4  
(22.3, 35.6) 

0.691 28.6±7.20 30.4  
(24.8, 34.5) 

31.1  
(24.4, 34.6) 

0.397 

Waist-hip ratio 0.82  
(0.80, 0.85) †, ‡ 

0.84  
(0.81, 0.86) †, § 

0.86  
(0.82, 0.90) ‡, § 

<0.001* 0.83  
(0.81, 0.87) 

0.84  
(0.81, 0.87) 

0.84  
(0.81, 0.88) 

0.456 

VFA, cm2 63.4  
(52.1, 85.1) †, ‡ 

75.1  
(56.7, 99.3) † 

86.2  
(61.6, 115) ‡ 

<0.001* 66.9  
(52.3, 97.3) 

76.6  
(58.2, 99.7) 

78.1  
(56.4, 108) 

0.112 

FMI, kg/m2 6.00  
(4.90, 7.20) ‡ 

6.50±2.09 7.08±2.83 ‡ 0.006* 6.29±2.21 6.69±2.02 6.76±2.55 0.093 

FFMI, kg/m2 14.6  
(13.9, 15.2) †, ‡ 

15.0  
(14.3, 16.4) †, § 

16.7  
(14.9, 18.8) ‡, § 

<0.001* 15.0  
(14.1, 16.2) ‡ 

15.1  
(14.1, 16.9) 

15.3  
(14.4, 17.5) ‡ 

0.024* 

ASMI, kg/m2 5.81±0.49 †, ‡ 6.12  
(5.77, 6.77) †, § 

6.94  
(6.14, 7.85) ‡, § 

<0.001* 5.99  
(5.67, 6.69) ‡ 

6.13  
(5.65, 6.86) 

6.23  
(5.82, 7.20) ‡ 

0.022* 

SMMI, kg/m2 7.81±0.65 †, ‡ 8.05  
(7.61, 8.90) †, § 

9.01  
(7.97, 10.5) ‡, § 

<0.001* 8.06  
(7.50, 8.85) ‡ 

8.12  
(7.57, 9.19) 

8.23  
(7.75, 9.54) ‡ 

0.027* 

LMI, kg/m2 13.7±0.99 †, ‡ 14.1  
(13.4, 15.4) †, § 

15.6  
(14.0, 17.7) ‡, § 

<0.001* 14.1  
(13.2, 15.2) ‡ 

14.2  
(13.3, 15.8) 

14.3  
(13.5, 16.5) ‡ 

0.028* 

Body lean mass, kg 35.4±3.81 †, ‡ 37.9 
(34.9, 42.7) †, § 

43.2  
(37.5, 54.8) ‡, § 

<0.001* 37.1  
(34.2, 42.6) ‡ 

37.6  
(34.1, 43.2) 

38.4  
(35.6, 46.3) ‡ 

0.020* 

 
BMI, body mass index; VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass index; SMMI, skeletal muscle mass index; LMI, lean mass index. 
†The difference between T1 and T2: p < 0.05 by post hoc comparison 
‡The difference between T1 and T3: p < 0.05 by post hoc comparison 
§The difference between T2 and T3: p < 0.05 by post hoc comparison 
*p < 0.05 
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Table 4. Selected characteristics of subjects according to the tertiles (T) of dietary sodium intake, dietary potassium intake and dietary sodium to potassium intake ratio (cont.) 
 

 D[Na+]/[K+]  
 T1: ≤1.78 T2: 1.78-2.60 T3: ≥2.60 p 
Male, n (%) 21 (13.0) ‡ 27 (16.6) § 59 (36.2) ‡, § <0.001* 
Age, y 20.0 (19.0, 21.0) 20.0 (19.0, 22.0) 20.0 (19.0, 22.0) 0.174 
Weight, kg 57.8 (53.0, 63.7) ‡ 57.7 (52.7, 66.1) § 61.4 (55.5, 72.4) ‡, § <0.001* 
BMI, kg/m2 21.6 (20.2, 23.2) 21.5 (20.0, 23.7) 22.00 (20.4, 24.2) 0.141 
Waist circumference, cm 76.7 (72.4, 80.8) ‡ 77.6 (73.1, 82.1) § 79.9 (73.5, 84.3) ‡, § 0.003* 
Total-body percentage fat, % 30.3 (25.1, 34.4) 31.3 (26.0, 34.8) 28.2±7.72 0.083 
Waist-hip ratio 0.83 (0.80, 0.86) ‡ 0.83 (0.81, 0.87) 0.85 (0.82, 0.88) ‡ 0.028* 
VFA, cm2 72.8 (54.9, 101) 74.8 (56.7, 103) 73.5 (55.7, 101) 0.838 
FMI, kg/m2 6.57±2.17 6.68±2.27 6.49±2.37 0.744 
FFMI, kg/m2 15.0 (14.3, 15.9) ‡ 14.9 (14.1, 16.3) § 15.7 (14.5, 17.5) ‡, § 0.001* 
ASMI, kg/m2 6.01 (5.72, 6.47) ‡ 6.06 (5.60, 6.73) § 6.42 (5.85, 7.52) ‡, § <0.001* 
SMMI, kg/m2 8.03 (7.60, 8.60) ‡ 7.95 (7.53, 8.80) § 8.46 (7.79, 9.78) ‡, § <0.001* 
LMI, kg/m2 14.0 (13.4, 14.9) ‡ 14.0 (13.3, 15.3) § 14.7 (13.6, 16.5) ‡, § 0.001* 
Body lean mass, kg 36.8 (34.4, 40.4) ‡ 37.2 (33.9, 42.3) § 39.8 (35.8, 49.9) ‡, § <0.001* 

 
BMI, body mass index; VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass index; SMMI, skeletal muscle mass index; LMI, lean mass index. 
†The difference between T1 and T2: p < 0.05 by post hoc comparison 
‡The difference between T1 and T3: p < 0.05 by post hoc comparison 
§The difference between T2 and T3: p < 0.05 by post hoc comparison 
*p < 0.05 
 
 

Table 5. Selected characteristics of subjects according to the PI-NCD and AI of dietary potassium intake 
 
Dietary potassium Subjects consuming 

≤2000 mg/d 
Subjects consuming 

≥2000 mg/d 
p Subjects consuming 

≤3600 mg/d 
Subjects consuming 

≥3600 mg/d 
p 

Weight, kg 57.6 (52.6, 64.5) 60.8 (55.2, 68.8) 0.001* 58.6 (53.3, 65.5) 67.3±14.4 0.023* 
BMI, kg/m2 21.5 (20.1, 23.7) 22.1 (20.6, 23.8) 0.012* 21.7 (20.2, 23.7) 23.6±3.79 0.094 
Waist circumference, cm 77.0 (72.6, 82.6) 78.9 (74.2, 83.3) 0.044* 77.7 (73.0, 82.8) 79.7 (75.7, 84.2) 0.168 
total-body percentage fat, % 29.7 (24.5, 34.3) 31.1 (24.4, 34.7) 0.575 30.3 (24.5, 34.3) 27.3±8.82 0.308 
Waist-hip ratio 0.84 (0.81, 0.87) 0.84 (0.81, 0.88) 0.555 0.84 (0.81 ,0.87) 0.84 (0.81, 0.87) 0.703 
VFA, cm2 72.8 (55.1, 99.8) 78.5 (56.1, 108) 0.194 73.5 (55.3, 102) 68.3 (56.1, 113) 0.968 
FMI, kg/m2 6.30 (5.10, 7.98) 6.76±2.57 0.354 6.40 (5.00, 8.00) 6.61±2.91 0.777 
FFMI, kg/m2 15.0 (14.1, 16.4) 15.3 (14.4, 17.6) 0.009* 15.1 (14.3, 16.6) 17.0±2.18 0.003* 
ASMI, kg/m2 6.06 (5.65, 6.83) 6.23 (5.83, 7.22) 0.006* 6.10 (5.72, 6.87) 6.89 (5.92, 7.84) 0.013* 
SMMI, kg/m2 8.08 (7.54, 8.93) 8.23 (7.76, 9.60) 0.011* 8.11 (7.59, 9.02) 9.32±1.39 0.004* 
LMI, kg/m2 14.1 (13.3, 15.4) 14.3 (13.5, 16.5) 0.011* 14.2 (13.4, 15.6) 15.9±2.07 0.004* 
Body lean mass, kg 37.5 (34.1, 43.0) 38.4 (35.6, 46.5) 0.004* 37.6 (34.4, 43.1) 45.1 (36.2, 56.0) 0.014* 

 

BMI, body mass index; VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass index; SMMI, skeletal muscle mass index; LMI, lean mass index. 
*p < 0.05 
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 There was significant difference in dietary Na intake be-
tween men and women. Men’s median dietary Na intake 
of men was 4450 mg/d, while that of women was 3292 
mg/d. The difference of dietary K intake between men and 
women was not statistically significant. D[Na+]/[K+] in 
men was also higher than in women. Moreover, this study 
has shown that all participants consumed excessive 
amounts of Na according to the PI-NCD and AI (2000 and 
1500 mg/d).17 On the contrary, only 4.7% and 32.6% of 
participants consumed sufficient amounts of K according 
to the PI-NCD and AI (3600 and 2000 mg/d) for dietary K. 
It illustrated that our subjects had typical problems of 

excessive Na intake and insufficient K intake of most peo-
ple. The China Health and Nutrition Survey has shown that 
only 15.4% of the participants consumed Na ≤2000 mg/d 
in 2015, PI-NCD recommended by China, and about 81% 
of the population had K intake <2000 mg/d, AI of Chinese 
in 2015. It also  has been reported that D[Na+]/[K+] de-
creased from 4.1 in 1991 to 3.1 in 2015.13 

Moreover, we explored the sources of Na and K in dif-
ferent BMI groups. Results showed that the main food 
sources of dietary Na were added salt, sauce as well as 
milk, and the main food sources of dietary K were milk, 
dark vegetables and red meat. First, the data of the  Mex-

Table 6. Relationship between the tertiles (T) of dietary sodium intake and body compositions 
 

 T1 T2 T3 
 OR (95% CI) p OR (95% CI) p OR (95% CI) p 
Dietary sodium intake       
Total-body percentage fat       
 Obesity† 1  2.80 (1.72, 4.55) <0.001* 6.28 (3.49, 11.32) <0.001* 
 Obesity‡ 1  2.79 (1.70, 4.57) <0.001* 6.19 (3.17, 12.09) <0.001* 
 Obesity§ 1  2.72 (1.67, 4.43) <0.001* 5.83 (3.23, 10.53) <0.001* 
 Obesity¶ 1  2.77 (1.69, 4.56) <0.001* 6.19 (3.16, 12.10) <0.001* 
Waist-hip ratio       
 Abdominal obesity† 1  2.52 (1.46, 4.32) 0.001* 5.97 (3.37, 10.57) <0.001* 
 Abdominal obesity‡ 1  2.57 (1.48, 4.46) 0.001* 6.34 (3.30, 12.15) <0.001* 
 Abdominal obesity§ 1  2.50 (1.45, 4.31) 0.001* 5.93 (3.34, 10.52) <0.001* 
 Abdominal obesity¶ 1  2.59 (1.47, 4.45) 0.001* 6.35 (3.31, 12.19) <0.001* 
VFA       
 Abdominal obesity† 1  2.31 (1.29, 4.15) 0.005* 6.52 (3.59, 11.86) <0.001* 
 Abdominal obesity‡ 1  2.37 (1.31, 4.30) 0.004* 7.06 (3.59, 13.89) <0.001* 
 Abdominal obesity§ 1  2.25 (1.25, 4.04) 0.007* 6.32 (3.47, 11.52) <0.001* 
 Abdominal obesity¶ 1  2.34 (1.29, 4.25) 0.005* 7.17 (3.64, 14.14) <0.001* 
FMI       
 Overfat† 1  2.60 (1.38, 4.91) 0.003* 8.14 (4.30, 15.42) <0.001* 
 Overfat‡ 1  2.72 (1.43, 5.19) 0.002* 9.26 (4.51, 19.01) <0.001* 
 Overfat§ 1  2.50 (1.32, 4.73) 0.005* 7.80 (4.11, 14.81) <0.001* 
 Overfat¶ 1  2.67 (1.39, 5.11) 0.003* 9.54 (4.62, 19.71) <0.001* 
FFMI       
 Low muscle mass† 1  0.76 (0.41, 1.38) 0.360 0.28 (0.12, 0.67) 0.004* 
 Low muscle mass§ 1  0.80 (0.44, 1.47) 0.477 0.30 (0.13, 0.71) 0.006* 
ASMI       
 Low muscle mass† 1  0.37 (0.23, 0.62) <0.001* 0.17 (0.09, 0.31) <0.001* 
 Low muscle mass‡ 1  0.39 (0.23, 0.65) <0.001* 0.19 (0.09, 0.39) <0.001* 
 Low muscle mass§ 1  0.38 (0.23, 0.63) <0.001* 0.17 (0.09, 0.33) <0.001* 
 Low muscle mass¶ 1  0.39 (0.23, 0.66) <0.001* 0.19 (0.09, 0.39) <0.001* 
SMMI       
 Low muscle mass† 1  0.62 (0.36, 1.06) 0.080 0.13 (0.06, 0.30) <0.001* 
 Low muscle mass‡ 1  0.76 (0.43, 1.34) 0.340 0.24 (0.09, 0.59) 0.002* 
 Low muscle mass§ 1  0.63 (0.37, 1.08) 0.090 0.14 (0.06, 0.31) <0.001* 
 Low muscle mass¶ 1  0.76 (0.43, 1.34) 0.337 0.24 (0.09, 0.59) 0.002* 
LMI       
 Low muscle mass† 1  0.24 (0.06, 0.96) 0.044* 0.02 (0.00, 0.15) <0.001* 
 Low muscle mass‡ 1  0.29 (0.07, 1.21) 0.089 0.05 (0.01, 0.36) 0.003* 
 Low muscle mass§ 1  0.23 (0.06, 0.93) 0.039* 0.02 (0.00, 0.13) <0.001* 
 Low muscle mass¶ 1  0.30 (0.07, 1.24) 0.096 0.04 (0.01, 0.32) 0.002* 
Body lean mass       
 Low muscle mass† 1  0.18 (0.07, 0.51) 0.001* 0.02 (0.00, 0.09) <0.001* 
 Low muscle mass‡ 1  0.20 (0.07, 0.56) 0.002* 0.02 (0.00, 0.13) <0.001* 
 Low muscle mass§ 1  0.18 (0.07, 0.50) 0.001* 0.02 (0.00, 0.08) <0.001* 
 Low muscle mass¶ 1  0.20 (0.07, 0.59) 0.002* 0.02 (0.00, 0.13) <0.001* 

 
VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass index; SMMI, skeletal 
muscle mass index; LMI, lean mass index; CI, confidence interval; OR, odds ratio. 
† model-a adjusted for sex, age and alcohol intake.  
‡ model-b adjusted for sex, age, alcohol intake and energy intake. 
§ model-c adjusted for sex, age, alcohol intake and sugar-sweetened beverages intake. 
¶ model-d adjusted for sex, age, alcohol intake, energy intake and sugar-sweetened beverages intake. 
*p < 0.05.  
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 Table 7. Relationship between the tertiles (T) of dietary potassium intake and insufficient K (according to the PI-NCD), and body compositions 
 

 T1 T2 T3 Insufficient K ≤2000 mg/d 
 OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 
Dietary Potassium Intake         
Body mass index (kg/m2)         
 Slim† 3.30 (1.05,10.35) 0.041* 4.20 (1.35,13.09) 0.013* 1  3.62 (1.24,10.55) 0.019* 
 Slim§ 3.36 (1.06,10.61) 0.039* 4.26 (1.36,13.34) 0.013* 1  3.68 (1.25,10.81) 0.018* 
 Overweight‡ 0.95 (0.40,2.26) 0.900 2.02 (1.01,4.07) 0.048* 1  1.64 (0.81,3.31) 0.171 
  Overweight¶ 0.93 (0.39,2.22) 0.867 2.01 (1.00,4.04) 0.051 1  1.62 (0.80,3.27) 0.181 
Waist circumference         
 Abdominal obesity† 0.51 (0.27,0.95) 0.035* 0.66 (0.37,1.19) 0.167 1  0.57 (0.34,0.96) 0.032* 
 Abdominal obesity§ 0.54 (0.29,1.02) 0.058 0.70 (0.38,1.26) 0.231 1  0.61 (0.36,1.02) 0.059 
total-body percentage fat         
 Obesity† 0.60 (0.37,0.97) 0.035* 0.99 (0.61,1.59) 0.953 1  0.76 (0.50,1.15) 0.188 
Waist-hip ratio         
 Abdominal obesity† 0.62 (0.38,1.01) 0.057 0.70 (0.43,1.14) 0.149 1  0.67 (0.44,1.02) 0.060 
 Abdominal obesity§ 0.63 (0.39,1.04) 0.069 0.71 (0.44,1.16) 0.169 1  0.68 (0.45,1.04) 0.073 
 VFA         
 Abdominal obesity† 0.62 (0.37,1.03) 0.064 0.68 (0.41,1.11) 0.123 1  0.63 (0.41,0.96) 0.034* 
FMI         
 Overfat† 0.56 (0.33,0.95) 0.031* 0.76 (0.46,1.27) 0.298 1  0.64 (0.41,0.99) 0.046* 
 Overfat§ 0.59 (0.35,1.02) 0.058 0.81 (0.48,1.35) 0.416 1  0.68 (0.43,1.06) 0.090 
FFMI         
 Low muscle mass† 2.29 (1.09,4.81) 0.029* 2.30 (1.09,4.80) 0.028* 1  2.23 (1.14,4.37) 0.020* 
 Low muscle mass§ 2.20 (1.04,4.63) 0.038* 2.24 (1.07,4.72) 0.033* 1  2.15 (1.10,4.24) 0.026* 
ASMI         
 Low muscle mass† 2.81 (1.59,4.95) <0.001* 2.82 (1.60,4.98) <0.001* 1  2.94 (1.74,4.94) <0.001* 
 Low muscle mass‡ 1.89 (0.80,4.44) 0.145 2.19 (1.09,4.39) 0.027* 1  2.31 (1.15,4.67) 0.019* 
 Low muscle mass§ 2.72 (1.54,4.80) 0.001* 2.76 (1.56,4.88) <0.001* 1  2.86 (1.69,4.82) <0.001* 
 Low muscle mass¶ 2.01 (0.86,4.72) 0.108 2.28 (1.14,4.57) 0.020* 1  2.41 (1.20,4.86) 0.014* 
SMMI         
 Low muscle mass† 3.72 (1.93,7.17) <0.001* 2.58 (1.32,5.06) 0.006* 1  3.04 (1.65,5.60) <0.001* 
 Low muscle mass§ 3.63 (1.88,7.00) <0.001* 2.53 (1.29,4.97) 0.007* 1  2.97 (1.61,5.48) <0.001* 
LMI         
 Low muscle mass† 16.79 (2.10,134.16) 0.008* 10.50 (1.29,85.59) 0.028* 1  13.26 (1.74,101.11) 0.013* 
 Low muscle mass§ 18.19 (2.15,153.60) 0.008* 11.28 (1.32,96.56) 0.027* 1  14.23 (1.77,114.18) 0.012* 
Body lean mass         
 Low muscle mass† 6.10 (1.73,21.49) 0.005* 7.10 (2.04,24.71) 0.002* 1  6.50 (1.95,21.60) 0.002* 
 Low muscle mass§ 5.94 (1.68,21.01) 0.006* 6.95 (1.99,24.23) 0.002* 1  6.35 (1.91,21.15) 0.003* 

VFA, visceral fat area; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle mass index; SMMI, skeletal muscle mass index; LMI, lean mass index; CI, confidence interval; OR, odds 
ratio.  
†model-a adjusted for sex, age and alcohol intake.  
‡model-b adjusted for sex, age, alcohol intake and energy intake. 
§model-c adjusted for sex, age, alcohol intake and sugar-sweetened beverages intake. 
¶model-d adjusted for sex, age, alcohol intake, energy intake and sugar-sweetened beverages intake. 
*p < 0.05 
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ican National Health and Nutrition Survey 2016 has shown 
that the primary food groups contributing to a high Na in-
take in adults were added salt, cereals and red meat.28 Re-
garding K intake, this population has shown that vegeta-
bles, fruits and corn tortillas contributed most of the intake 
of this nutrient. A cross-sectional analysis based on data 
from the China National Nutrition and Health Surveillance 
(CNNHS) reported that subjects from the north (7.1%) 
consumed a greater proportion of Na from flour products 
compared with subjects in the south (1.4%).12 It also 
showed that urban adults aged 18 to 49 obtained a higher 
proportion of Na from processed food (8.1%) compared 
with rural adults aged 18 to 49 (4.4%). Hence, the sources 
of Na and K were mainly related to dietary habits and nu-
tritional conditions. Second, in our study, the total amounts 
of Na in different BMI groups were significantly different, 
which was verified by an additional Kruskal-Wallis test (p 
<0.001), but the difference was not found in K (p = 0.098). 
And from the slim to obesity group, dietary Na intakes in-
creased gradually. In addition, we found that muscle-re-
lated indexes were higher in the group exceeding PI-NCD 
and AI than in the group without. A study in China pointed 
out that a high-Na diet was one of the top four risk factors 
for both number of deaths and percentage of disability-ad-
justed life-years in 2017.29 A research has noted that K de-
ficiency was related to a decreased muscle mass.30 There-
fore, a diet low in Na and high in K was beneficial to 
weight control and muscle increase for people with over-
weight and obesity. We also found that weight, BMI and 
WC in ≥2000 mg/d K consumption were significantly 
higher than <2000 mg/d. People should also pay attention 
to controlling total dietary energy intake when increasing 
dietary K intake. And low Na diet because of its light taste 
might help this population control total food intake. 

In this study, BMI of around 70% of participants was 
normal. Compared to men, the slim proportion of women 
was much higher, while more men tended to be obese than 
women because of higher weight, BMI and WC. Another 
research has also confirmed this result that men (BMI = 
24.5 kg/m2 and 25.1 kg/m2) had higher BMI than women 
(BMI = 24.3 kg/m2 and 23.9 kg/m2) both in rural and urban 
areas.31 However, BMI had certain limitations when used 
to evaluate obesity. For example, men with developed 
muscles were more likely to be wrongly considered obese 
because of their high weight. As discussed by others, BMI 
was not an optimal measure of obesity, in particular not in 
groups of patients with extraordinarily low or high lean 
body mass.32 Therefore, it was more accurate to evaluate 
overweight and obesity objectively by measuring the body 
compositions of youth. In our research, FFMI, ASMI, 
SMMI, LMI and body lean mass were higher in men than 
women. However, women had higher TBPF, VFA and 
FMI than men. It could be explained that men had higher 
muscle mass than women. 

More importantly, we further studied the influence of di-
etary Na and K intake on body compositions. In over-
weight/obesity men, D[Na+]/[K+] and dietary Na were 
positively correlated with TBPF. According to the compar-
ison of tertiles, every index of body compositions except 
TBPF increased with dietary Na intake. As dietary K in-
take increased, FFMI, ASMI, SMMI, LMI and body lean 
mass in body compositions also increased. Logistic 

regression analyzed correlation furthermore. There were 
dose-response relationships between dietary Na intake and 
TBPF, WHR, VFA, FMI, ASMI and body lean mass, 
pointing out that increased dietary Na intake would in-
crease the risk of obesity and overweight, while lower die-
tary Na intake was associated with the risk of low muscle 
mass. The above evidence could explain the importance of 
appropriate dietary Na intake. Too low and high sodium 
intake were both not recommended among youth. Moreo-
ver, low dietary K intake did not doubt to be a critical fac-
tor in the risk of low muscle mass, which might be affected 
by energy intake. After adjusting sex, age, alcohol intake, 
energy intake and sugar-sweetened beverages intake, dif-
ferent results showed that the influence of Na on body 
compositions was more significant than that of K. These 
results were also supported by the research that higher di-
etary K intake tended to be associated with decreased odds 
for low muscle mass.33 The above result indicated that di-
etary Na intake was related to fat accumulation, and K in-
take was associated with muscle increase. 

In a multiethnic, population-based cohort study, Jain et 
al. has reported that the dietary ratio of Na/K intake may 
be independently associated with TBPF.34 Among our 
teenage subjects, the median D[Na+]/[K+] was 2.2, lower 
than the previous report. On the one hand, it implied that 
the youth's current dietary Na and K intakes were better 
than before. On the other hand, the national salt reduction 
initiative has been proven partially effective. There were a 
lot of evidence showing that high sodium intake increases 
hypertension and mortality from CVD.35-37 A growing lit-
erature has shown that increased K intake has the potential 
to reduce cardiovascular risk factors and blood pressure.38, 

39 Hence, youth still needed to control dietary Na intake 
and increase dietary K intake, especially for men. 

Compared with other research, the strengths of our study 
include its stringent quality control procedures; use of dif-
ferent indices of obesity and sarcopenia; 4 models to adjust 
for confounders; exploration of the association between di-
etary Na and K intake and body composition; and offer fea-
sible suggestions to prevent obesity from a dietary point of 
view. 

Our study had several limitations. First of all, in con-
junction with other evidence from experimental, cross-sec-
tional as well as prospective cohort studies, our study indi-
cated that high Na and low K were likely to be a contrib-
uting factor for low muscle mass and obesity, but we could 
not exclude the possibility that adiposity might predispose 
people to a higher Na and lower K consumption independ-
ent of other confounders. Secondly, FFQ might be subject 
to recall bias, despite being previously validated. Thirdly, 
our research objects were only college students and the 
sample size was relatively small. If we want to extend the 
results to the whole people, we should expand the target 
population to carry out large-scale surveys. 

 
Conclusion 
College students are a vital group with high dietary Na and 
abnormal body compositions. High dietary Na is a risk fac-
tor for abnormal lipid distribution in college students. High 
dietary K can maintain skeletal muscle mass and reduce 
the risk of obesity. Na in the diet has a greater impact on 
the body composition of young people than K. Low dietary 
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Na and high dietary K still need to be strengthened in sci-
ence popularization and practice among more college stu-
dents. 
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