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The Relationship between Dietary Sodium-to-Potassium Ratio
and Metabolic Syndrome in Korean Adults: Using Data from
the Korean National Health and Nutrition Examination Survey

2013-2015

You-Sin Lee, Sim-Yeol Lee

Department of Home Economics Education, Dongguk University-Seoul, Seoul, Korea

Background: The dietary sodium-to-potassium ratio (Na:K) is known to have a stronger association with car-
diovascular disease compared with a single intake of sodium or potassium. Accordingly, this study sought to ex-
amine the relationship between sodium-potassium intake balance and metabolic syndrome, which increases

the occurrence of cardiovascular disease.

Methods: Data from the Korea National Health and Nutrition Examination Survey 2013-2015 were used, and
the subjects were 13,164 adults aged 19 years and over. This study examined sodium and potassium intake
and Na:K based on Korean adults' age and sex, and analyzed food groups that contribute to adequate sodium
and potassium intake based on an Na:K of 1. Correlations between Na:K, metabolic syndrome, and risk factors
were examined through a multiple logistic regression analysis.

Results: Korean adults' average daily intake of sodium was 3,976 mg, while that of potassium was 3,076 mg.
Meanwhile, the Na:K was identified to be 2.33. The food group that contributed the most to potassium intake
was fruits in subjects whose Na:K was below 1, and vegetables in those whose Na:K was over 1. Compared
with the lowest quartile, the highest quartile in Na:K was up 19% in the probability that one would suffer from
metabolic syndrome (P for trend=0.001). Also, more Na:K led to a significant increase in the risk of elevated
blood pressure and elevated blood sugar (P for trend=0.015 and 0.012).

Conclusions: Arise in Na:Kiis related to a risk of hypertension and high blood sugar, and such arise raises the

prevalence rate of metabolic syndrome.
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Table 1. Comparison of sodium, potassium intakes, and Na:K by sex and age

N Sodium, mg  Na <2,000 mg/day, %  Potassium,mg K >3,500 mg/day, % Na:K Na:K <1.0, %
All adults 13,164 3,976.5+30.9 19.5 3,076.5£19.7 31.2 2.33+0.01 8.8
20-39 3,640 4,199.4+£51.6 16.4 2,967.9+28.3 29.0 2.52+0.02 5.7
40-59 5,104 4,199.7+49.6 17.0 3,263.8+30.4 35.7 2.27+0.02 9.6
>60 4,420 3,324.1+41.2 29.7 2,905.0+32.4 26.6 2.12+0.03 12.6
P-value <0.0017 0.047° <0.001 <0.001 <0.001 <0.001
Male 5,410 4,695.9+48.4 10.5 3,352.2+28.9 39.0 2.51+0.02 5.0
20-39 1,471 4,941.3+83.7 8.8 3,281.3+46.4 38.3 2.68+0.04 2.9
40-59 1,987 4,876.6+79.7 7.8 3,519.1+44.2 429 2.48+0.03 5.0
>60 1,952 3,877.0+61.0 18.9 3,155.6+43.8 32,5 2.26+0.04 9.0
P-value <0.001 0.222 <0.001 <0.001 <0.001 0.003
Female 7,754 3,330.2+30.4 27.7 2,829.0+21.4 24.3 2.17+0.02 12.1
20-39 2,169 3,469.4+£50.8 24.0 2,659.5+297 19.8 2.36+0.03 8.3
40-59 3,117 3,459.9+46.4 25.0 3,041.2+34.4 29.4 2.09+0.02 13.4
>60 2,468 2,874.2+50.1 38.5 2,701.0+38.0 21.7 2.01+0.03 15.8
P-value <0.001 0.001 <0.001 <0.001 <0.001 <0.001

Values are presented as meanzstandard deviation or number (%).
Abbreviation: Na:K, dietary sodium-to-potassium ratio.
*P-values are from ANOVA test.
"P-values are from chi-square test.



You-Sin Lee, et al. TheRelationship between Dietary Sodium-to-Potassium Ratio and Metabolic Syndrome in Korean Adults: Using Data from the Korean National Health and Nutrition Examination Survey 2013-2015 119

SRS =Rl Qs AT dlell 2P,
Ay, 7heAE testo] B adA Wi wet &
HEhT), B Aol o $E A 2013-20154 2H2te]
AHlEE Agoto] 5 7RIS ALt W A=
£ ARHS o) n (%) FASUTL, A4 ARE 2
AR S B3l B R eAR AXskltE UEELE
Wb AERTI T FHRLE gk BARS A,
BMI, &9, o5 AAIZE AA o, ofvA] 43 5= E
A8t & proc surveylogisticS ©]-8-3}0] 1WA}H](odds ratio,

OR)2} 95% A& 7-7H95% confidence interval, 95% CI)<
2 Yot 3t WEFZEH Y] ARl w2 Ak
St T e aE0 YEE ARl tigt fo8de P
for rend2 AABIATE BE TAIZ 5942 P<0.059
X BZssck

1. LIEST} 20| 452 U LIESZE|
o)

JES, 289 HHY Aol UERLENS
! % 13} 2} WA 24} o
= HA= 5,4109(41.1%), o

4, AL A
A= 13,1647 01312,

ar

A= 7,75478(58.9%) ] Lt A i 2= 40-50t)] 5,104
(38.8%), 60TH ©|AF 4,420'H(33.6%), 20-30TH 3,64078(27.6%)
o] o8 skl QlSirh

UEEQ] A3 20-30t)2} 40-50tf+= H|<=5E S2A]0]
L 60t} o] o= HY EF F-olskA| st P<0.001).
UEES] 49 1Y H3xHFF3] 2,000 mg v]vke HHs}
= &S A4 A2 5 195% %=l A= 10.5%, oA l+=
27.7%= o|Ake] vlgo] otk AFHt S UE
S SRAFT vvteg AFste HlEol wobseTl
(P<0.05), oJ=}2] ASmw 1 7gFo] SARSIITHP<0.001).

250 =S 40-50th 4JQ19) AF|ro] 3,263 mg o2
717 3231, 20-30tH, 60Tl o] %9 A F|FFo] H|S=3E <=0] %)
o, Jy BF FARE Rz UEPHTHP<0.001). 22
AR 3,500 mge 23 Aok HlE2 HA Al
Z 31.2%, G2} 39.0%, oA} 24.3%$.0H, Hd R 20-30t]
of| 4] 40-50th7}A] ZL Hl&-0] oAtk 60ty o] % ThA] 7
23H= Ao UERFTHP<0.001).

Alo] UEEZHEH= S A1 7§ 233, EAF 251,
o2} 2172 eyt on, Aol whet g 5 sk
Ao g UePgti(P<0.001). YEFEZEH7F 1 nukel vl-&
& A 8.8%, A 5.0%, o1&} 12.1%%ch AgjEz=
20-30t} 5.7%, 40-50T] 9.6%, 60t ©]& 12.6% = A th7t

fu

Table 2. Contribution of sodium and potassium from food groups according to Na:K

Contribution to sodium intake, %

Contribution to potassium intake, %

Rank NaK <1.0 (n=1,315) Na:K >1.0 (n=11,849) NaK <1.0 (n=1,315) Na:K >1.0 (n=11,849)

1 Seasonings 41.71 Seasonings 48.47  Fruits 27.41 Vegetables 27.12
2 Vegetables 25.98 Vegetables 2141  Vegetables 18.68 Cereals 16.83
3 Cereals 8.42 Cereals 14.48  Potatoes and starches ~ 17.64 Fruits 11.61
4 Fish and shellfishes 6.50 Fish and shellfishes 6.17  Cereals 10.31 Meats 7.68
5 Milks 4.14 Meats 290  Beverages 5.46 Seasonings 6.37
6 Seaweeds 3.79 Seaweeds 249  Milks 4.17 Beverages 5.19
7 Meats 2.90 Milks 1.20  Pulses 4.16 Potatoes and starches ~ 4.91
8 Fruits 2.12 Eggs 0.88  Meats 2.60 Fish and shellfishes 4.47
9 Eggs 1.49 Beverages 0.76  Seaweeds 2.20 Secaweeds 4.18
10 Beverages 1.37 Fruits 0.61  Seasonings 2.18 Milks 3.78
11 Potatoes and starches ~ 0.59 Pulses 0.25  Fish and shellfishes 1.91 Pulses 3.69
12 Pulses 0.48 Potatoes and starches  0.11  Nuts and seeds 1.30 Eggs 1.27
13 Nuts and seeds 0.29 Nuts and sceds 0.09 Eggs 0.61 Nuts and seeds 1.05
14 Sugars and sweeteners  0.10 Oils and fat 0.07  Oils and fat 0.48 Oils and fat 0.81
15 Oils and fat 0.10 Sugars and sweeteners ~ 0.05  Sugars and sweeteners ~ 0.44 Mushrooms 0.62
16 Mushrooms 0.02 Processed foods 0.02  Mushrooms 0.36 Sugars and sweeteners ~ 0.37
17 Processed foods 0.01 Other 0.02  Other 0.08 Other 0.06
18 Other 0.01 Mushrooms 0.01  Processed foods 0.00 Processed foods 0.01

Abbreviation: Na:K, dietary sodium-to-potassium ratio.
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Table 3. General characteristics and nutrient intake according to Na:K quartile

Eolli= 7o)}

T

AZ0) M2 st ST} FHAA

AR 4202 B

|etithTable 3). UEEZE
o] v &3} BMI= Z7}5}

ZHBH S THP<0.001).

gick. ThgAre] g

Na:K quartile
Q1 Q2 Q3 Q4 .
<1.47 >1.47 t0 <2.08 >2.08 to <2.80 >2.80

Sex

Male 967 (33.0) 1,319 (45.5) 1,505 (52.3) 1,619 (56.2) <0.001°

Female 2,325 (67.0) 1,971 (54.5) 1,786 (47.7) 1,672 (43.8)
Age,y 50.3+0.4 47.2+0.4 44.5+0.4 43.8+0.4 <0.001°
BMI, kg/m2 23.6+0.1 23.7+0.1 23.8+0.1 24.0+0.1 0.002
Smoking status

Current smoker 336 (12.9) 536 (19.4) 671 (24.1) 758 (26.8) <0.001

Ex-smoker 561 (17.0) 638 (18.8) 660 (20.3) 698 (21.1)

Non-smoker 2,395 (70.1) 2,116 (61.8) 1,960 (55.6) 1,835 (52.1)
Alcohol intake

>2-3/week 445 (14.1) 627 (20.6) 719 (23.5) 822 (26.7) <0.001

<2-4/month 1,569 (51.5) 1,671 (53.0) 1,716 (54.8) 1,618 (51.6)

Non-drinker 1,278 (34.4) 992 (26.4) 856 (21.7) 851 (21.7)
Regular exercise

<2 day/week 701 (20.5) 768 (22.2) 745 (21.8) 795 (22.3) 0.781

2-4 days/week 969 (29.2) 971 (29.1) 976 (29.0) 951 (28.3)

>4 days/week 1,622 (50.3) 1,551 (48.7) 1,570 (49.2) 1,545 (49.4)
Energy, kcal/day 1,881.7+17.3 2,031.3+18.1 2,119.7+19.0 2,173.1+19.3 <0.001
Carbohydrate, g 316.4+2.9 311.3+2.7 315.8+2.6 311.1%2.5 0.273
Fat, g 35.7+0.6 44.8+0.7 48.5+0.8 51.2+0.8 <0.001
Protein, g 61.4+0.7 70.6+0.8 74.6+0.9 77.6x1.0 <0.001

Values are presented as meanzstandard deviation or number (%).
Abbreviations: BMI, body mass index; Na:K, dietary sodium-to-potassium ratio.
P values were derived from a chi-square test.
®P-values were derived from an ANOVA test.
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Table 4. Crude and multivariable adjusted odd ratios for metabolic syndrome and its components according to Na:K quartile

Na:K Quartile
Q1 Q2 Q3 Q4 P for trend’

Metabolic syndrome

No. of events 943 (28.7) 829 (25.2) 898 (27.3) 894 (27.2) -

Model 1 1.00 0.89 (0.79-1.00) 1.01 (0.89-1.14) 1.04 (0.92-1.17) 0.210

Model 2 1.00 0.96 (0.83-1.10) 1.25 (1.08-1.45) 1.25 (1.08-1.44) <0.001

Model 3 1.00 0.94 (0.81-1.08) 1.21 (1.05-1.41) 1.19(1.03-1.37) 0.001
Increased waist circumference

No. of events 1,316 (40.0) 1,165 (35.4) 1,157 (35.2) 1,208 (36.7) -

Model 1 1.00 0.85 (0.76-0.96) 0.88 (0.78-0.99) 0.91 (0.81-1.02) 0.224

Model 2 1.00 0.95 (0.79-1.15) 1.10(0.92-1.31) 1.16 (0.97-1.39) 0.035

Model 3 1.00 0.94 (0.78-1.13) 1.12 (0.94-1.33) 1.12 (0.94-1.33) 0.107
Elevated blood pressure

No. of events 962 (29.2) 950 (28.9) 954 (29.0) 937 (28.5) -

Model 1 1.00 1.06 (0.94-1.19) 1.06 (0.94-1.19) 1.08 (0.96-1.21) 0.264

Model 2 1.00 1.13 (0.99-1.28) 1.22 (1.07-1.38) 1.21 (1.06-1.37) 0.002

Model 3 1.00 1.11 (0.97-1.26) 1.19 (1.05-1.35) 1.16 (1.02-1.32) 0.015
Elevated fasting glucose

No. of events 1,115 (33.9) 1,099 (33.4) 1,110 (33.7) 1,122 (34.1) -

Model 1 1.00 1.01 (0.89-1.14) 1.04 (0.92-1.18) 1.04 (0.93-1.18) 0.419

Model 2 1.00 1.09 (0.94-1.25) 1.23 (1.07-1.41) 1.20 (1.05-1.37) 0.002

Model 3 1.00 1.07 (0.93-1.23) 1.19 (1.04-1.37) 1.15 (1.01-1.32) 0.012
Elevated triglyceride

No. of events 898 (27.3) 891 (27.1) 981 (29.8) 1020 (31.0) -

Model 1 1.00 1.03 (0.91-1.17) 1.21 (1.08-1.36) 1.30(1.14-1.47) <0.001

Model 2 1.00 0.95 (0.83-1.09) 1.12 (0.97-1.27) 1.13 (0.98-1.31) 0.020

Model 3 1.00 0.92 (0.80-1.06) 1.06 (0.93-1.21) 1.05 (0.91-1.22) 0.209
Reduced HDL cholesterol

No. of events 1,291 (39.2) 1,159 (35.2) 1,114 (33.8) 1,079 (32.8) -

Model 1 1.00 0.86 (0.77-0.95) 0.79 (0.71-0.89) 0.76 (0.68-0.85) <0.001

Model 2 1.00 0.99 (0.88-1.00) 1.00 (0.88-1.14) 0.97 (0.86-1.10) 0.743

Model 3 1.00 1.01 (0.90-1.13) 1.03 (0.91-1.17) 1.00 (0.88-1.14) 0.839

Values are presented as odds ratios and 95% confidence intervals, calculated by multivariate logistic regression analysis.

Model 1: unadjusted; model 2: adjusted for sex, age, and BMI; model 3: adjusted for sex, age, BMI, smoking, alcohol drinking, regular exercise,

and energy intake.

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; Na:K, dietary sodium-to-potassium ratio.

*P for trend values were calculated using a general linear regression.
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