Atherosclerosis 230 (2013) 80—85

Contents lists available at SciVerse ScienceDirect

atherosclerosis

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Benefits of potassium intake on metabolic syndrome: The fourth Korean
National Health and Nutrition Examination Survey (KNHANES IV)

@ CrossMark

d,e,*

Doosup Shin?, Hee-Kyung Joh ™€, Kyae Hyung Kim ¢, Sang Min Park
2 Jangseong Public Health Center, Jangseong-gun, South Korea

b Department of Medicine, Seoul National University College of Medicine, Seoul, South Korea

¢ Department of Family Medicine, Seoul National University Health Service Center, Seoul, South Korea

d Department of Family Medicine, Seoul National University Hospital, Seoul National University College of Medicine, 28 Yunkeon-dong, Jongro-gu,

Seoul 110-744, South Korea
€ Department of Biomedical Sciences, Seoul National University College of Medicine, 28 Yunkeon-dong, Jongro-gu, Seoul 110-744, South Korea

ARTICLE INFO ABSTRACT

Article history:

Received 16 January 2013
Received in revised form

8 June 2013

Accepted 30 June 2013
Available online 12 July 2013

Objective: Potassium intake may be associated with metabolic syndrome and its components, but there
has been little evidence so far. We evaluated the association between the metabolic syndrome and
potassium intake in the general population.

Methods: Participants were 7542 adults (>20 years of age) from the fourth Korean National Health and
Nutrition Examination Survey (2007—2009), which is a cross-sectional survey of a nationally repre-
sentative sample of the Korean population. Data were obtained from standardized questionnaires as well
as physical and laboratory examination reports. The 24-h recall method was used for dietary assessment.

Ke ds: . K . .
Pz{zzirufn Metabolic syndrome was defined based on the modified National Cholesterol Education Program-Adult
Nutrition Treatment Panel III criteria. Multivariable logistic regression was performed to estimate the odds of

metabolic syndrome and its components across potassium intake quartiles.
Results: After adjusting for various lifestyle and dietary confounders, subjects in the highest quartile of
potassium intake had 39% lower odds for metabolic syndrome compared to those in the lowest quartile
(adjusted odds ratio [aOR] = 0.61; 95% confidence interval [CI]: 0.42—0.89; p for trend: 0.013). This
association was consistent for both sexes. Among the components of metabolic syndrome, potassium
intake was inversely related to abdominal obesity and fasting hyperglycemia in multivariate analysis (p
for trend = 0.049 and 0.010, respectively).
Conclusion: Our results reveal a significant inverse association between potassium intake and metabolic
syndrome in adults. Further studies are required to confirm this association.

© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The metabolic syndrome is a combination of several metabolic
risk factors such as insulin resistance, central obesity, dyslipidemia,
and hypertension [1]. The metabolic syndrome has received
increasing attention over the past few years, as its prevalence and
socioeconomic burden has increased worldwide, including in South
Korea [2]. Therefore, many studies have attempted to identify the
causes of metabolic syndrome. Diet constitutes one of the major
environmental etiologic factors, and the effects of specific foods,
nutrients, or electrolytes on metabolic syndrome have been studied.
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Potassium is the most abundant intracellular cationic electro-
lyte, and is necessary for normal cellular function. It also partici-
pates in protein synthesis and carbohydrate metabolism [3,4]. Since
potassium is readily excreted in the urine rather than stored in the
body, the human body needs a constant intake of potassium in the
correct amounts. Nevertheless, average potassium consumption in
the US and Korean population in 2009—2010 was approximately
only 54% and 58% of the recommended amount, respectively [5—7].
According to some studies, low potassium intake has been associ-
ated with high blood pressure [8—11] and the risk of developing
diabetes [12,13], although these observations have been considered
controversial. Moreover, people who consume more vegetables and
fruits, typical examples of potassium-rich food, appear to have a
lower risk of metabolic syndrome [14]. Hence, potassium intake
may be associated with metabolic syndrome. Nevertheless, there
has been little evidence so far that supports this association in the
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general population. Therefore, in the present cross-sectional study,
we used data from the fourth Korean National Health and Nutrition
Examination Survey 2007—2009 (KNHANES IV) to examine the
relationship between potassium intake and metabolic syndrome.

2. Methods
2.1. Subjects

The KNHANES IV (2007—2009) is a nationwide survey repre-
senting the non-institutionalized civilian Korean population. It
consists of the Health Interview Survey, Health Examination Study,
and Nutrition Survey. A stratified, multistage probability sampling
design was used, and sampling units were based on geographical
area, age, and sex. The details of the KNHANES have been previ-
ously described [2]. All subjects provided informed consent prior to
inclusion in the study.

Initial candidates for the present study included 14,210 adults
(>20years old) who had completed: 1) the Nutrition Survey; and 2)
physical and laboratory examinations with reports on waist
circumference, blood pressure, triglyceride levels, fasting glucose
levels, and high-density lipoprotein (HDL) cholesterol levels. Sub-
jects who had fasted for less than 12 h before examination were
firstly excluded, since this might have affected accurate evaluation
of blood profiles (n = 3496). We also excluded participants who
answered to the questionnaire that they already had been diag-
nosed with hypertension, dyslipidemia, diabetes, stroke, congestive
heart failure, myocardial infarction, renal failure, liver cirrhosis, or
any type of cancer by physicians, because individuals’ dietary
behavior and health status might have been changed after being
diagnosed with such diseases (n = 2860). We further excluded
subjects who reported implausible total energy intake (n = 249;
<800 or >4200 kcal/day for men; <600 or >3500 kcal/day for
women) and who were taking medications that could affect blood
pressure, carbohydrate metabolism, and lipoprotein profiles
(n = 8). Pregnant women were also excluded because of the
physiological changes that occur during pregnancy (n = 55).
Following these exclusions, we included 7542 subjects (2684 men
and 4858 women) in the present analysis.

2.2. Demographic and socioeconomic factors

Trained interviewers collected data on the demographic factors
and health behaviors of participants via personal interviews. The
demographic variables were age (20—29, 30—39, 40—49, 5059,
60—69, and >70 years), sex, highest educational level achieved
(elementary school education or less, middle or high school edu-
cation, and college education or more), and monthly household
income (quartiles of equivalized household income). The equiv-
alized household income was calculated as the total monthly
household income divided by the square root of the total number of
household members. The health behavioral variables included
smoking (never smoker, past smoker, or current smoker), alcohol
consumption (gram alcohol/day), and physical activity (low, mod-
erate, or high). Participants were to choose whether they were
never, past, or current smoker at that time. The average amount and
number of consumed alcoholic beverages was assessed by self-
reported questionnaire, and then converted into the amount of
pure alcohol (in gram) consumed per day [15]. Physical activity was
quantified as metabolic equivalent of task minutes per week (MET-
minutes per week), which was calculated using the scoring proto-
col of the Korean version of the International Physical Activity
Questionnaire (IPAQ) short form [16]. Accordingly, physical activity
levels were then classified as low (<600 MET-min per week),

moderate (>600 to <3000 MET-min per week), or high (>3000
MET-minutes per week).

2.3. Assessment of dietary intake

Dietary intakes were assessed by a single 24-h recall based on a
weekday’s food consumption, in which all food content and
consumed amounts during the last 24 h were obtained from the
participants. Based on these data, consumed nutrients and elec-
trolytes were calculated using the food composition table which
was made and validated by Rural Development Administration.
Dietary variables used in this study included total energy (kcal/
day), carbohydrate (%energy), total fat (%energy), protein (%en-
ergy), fiber (g/1000 kcal), vitamin C (mg/1000 kcal), sodium (mg/
1000 kcal), and potassium (mg/1000 kcal) intakes. Daily potassium
intake was divided into quartiles for data analysis. Additionally, we
calculated the ratio of dietary sodium to potassium (Na:K ratio) and
divided the ratio values into quartiles to assess its effect on meta-
bolic syndrome and its components.

A 24-h recall is one of the few practically available methods to
assess dietary intakes in a large population study due to its meth-
odological convenience and feasibility, which has been used in
previous population-based studies [17,18]. The validity of 24-
h recall method was reported to be satisfactory on the group
level [19]. Estimated potassium intake from a single 24-h recall was
known to be highly correlated with pooled long term intake
(r = 0.70) [20], and significantly correlated with 24-h urinary
collection [21,22], including in Korean population [23]. Therefore,
although it may not be accurate to characterize individual intake, a
single 24-h recall can provide a good estimates of group intakes for
potassium [21].

2.4. Anthropometric measures

Body weight and height were obtained using standard protocols
to the nearest 0.1 kg and 0.1 cm, respectively. Waist circumference
was measured at the narrowest point between the lower borders of
the rib cage and the uppermost borders of the iliac crest at the end
of normal expiration. Well-trained observers manually measured
blood pressure with a mercury sphygmomanometer (Bauman-
ometer; Baum, Copiague, NY).

2.5. Laboratory evaluation

Antecubital vein blood samples were drawn and immediately
centrifuged. These blood samples were used to evaluate total
cholesterol, HDL cholesterol, triglyceride, and glucose levels. Fast-
ing (fasting time > 12 h) plasma lipids and glucose concentrations
were measured enzymatically using ADVIA 1650 (Siemens, USA;
February 2007—2008) and Hitachi Automatic Analyzer 7600
(Hitachi, Japan; February 2008—2009) systems.

2.6. Definition of metabolic syndrome

We used the modified National Cholesterol Education Program-
Adult Treatment Panel III (NCEP-ATP III) criteria to define metabolic
syndrome [1] as the presence of 3 or more of the following com-
ponents: 1) waist circumference >90 cm in men and >85 cm in
women, adopted from the Korean Society for the Study of Obesity
criteria [24]; 2) triglyceride level >150 mg/dL; 3) HDL cholesterol
level <40 mg/dL in men and <50 mg/dL in women; 4) blood
pressure >130/85 mmHg; and 5) fasting glucose level >100 mg/dL.
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2.7. Statistical analysis

The participants’ characteristics were compared according to
the potassium intake (mg/1000 kcal) quartiles. Data were pre-
sented as mean =+ SE or as proportion (% and SE), and were age-
adjusted using the direct method with the total population
selected as the standard population. Age-adjusted means were
compared using multivariable linear regression analysis.

Multivariable logistic regression analysis was performed to es-
timate the odds ratio and 95% confidence interval (CI) of metabolic
syndrome and its individual components according to the potas-
sium intake quartiles, using the lowest quartile as reference. We
used the multivariate nutrient density model [25] to account for the
effects of total energy intake on metabolic syndrome. Odds ratios
were initially calculated following adjustment for age (categorical),
sex, and BMI (continuous) in model 1. In model 2, categorical var-
iables that were further adjusted for included education, monthly
household income, physical activity, as well as smoking status, and
alcohol consumption was also adjusted as a continuous variable.
Dietary factors such as total energy, carbohydrate, total fat, fiber,
vitamin C, and sodium intakes were additionally adjusted for as
continuous variables in model 3. To assess the possible effect of the
Na:K ratio, we also calculated the odds ratios of metabolic syn-
drome and its components across the potassium intake quartiles
after additionally adjusting for the Na:K ratio in model 3.

Reported probability values were 2-sided and a p < 0.05 was
considered statistically significant. All statistical analyses were
performed using STATA 12.1 (Stata Corp., College Station, TX, USA)
with “svy” commands to account for complex sampling design, and

Table 1
Characterization of participants according to potassium intake quartiles.

included sampling weights, which enabled the results to represent
the entire national adult population.

3. Results
3.1. Characteristics of the study population

The age-adjusted prevalence rate of metabolic syndrome was
18.1 £ 0.6% of the weighted total population, where 20.6 & 1.0% of
men and 16.3 + 1.0% of women had metabolic syndrome. Partici-
pants with metabolic syndrome had significantly lower potassium
intake than those without metabolic syndrome (age-adjusted
means, 1616.2 & 11.1 vs. 1586.2 + 28.4 mg/1000 kcal, respectively).
Demographic and socioeconomic characteristics of participants and
their dietary intakes based on their potassium intake quartiles are
presented in Table 1.

3.2. 0dds ratios of metabolic syndrome and its components

Potassium intake was inversely associated with metabolic
syndrome, as demonstrated by the results presented in Table 2.
Prevalence of metabolic syndrome decreased with higher quartiles
of potassium intake, and subjects in the highest potassium intake
quartile had 39% lower odds of having metabolic syndrome
compared to those in the lowest quartile after adjusting for
various potential confounders in model 3 (adjusted odds ratio
[aOR] = 0.61; 95% CI: 0.42—0.89; p = 0.010; p for trend = 0.013).
Furthermore, potassium intake was inversely related to individual
components of the metabolic syndrome, especially abdominal

Potassium intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Median potassium intake? (range, mg/1000 kcal) 1055.1 (<1237.6) 1387.7 (1237.6—1533.9) 1693.6 (1534.0—1904.8) 2229.2 (>1904.9)
Age? (years) 475 + 0.4 446+ 03 458 + 0.3 47.0+03
BMI (kg/m?) 232 4 0.1 232 +0.1 232 +0.1 23.5+0.1
Education (%)
<Elementary 275+ 1.1 224+ 1.0 219+ 1.1 206 + 1.0
Middle/High 493 + 1.5 489 + 1.6 485 + 1.4 49.1 + 1.5
>College 232+13 288+ 1.4 297 £ 13 304+ 14
Household income® (%)
Quartile 1 (low) 219+ 1.2 176 £ 1.2 147 £ 09 165 £ 1.2
Quartile 2 286+ 14 239+ 15 255+ 15 230+ 14
Quartile 3 268 +14 280+13 291+ 15 299 + 1.6
Quartile 4 (high) 227 +14 305+ 1.8 308 +1.8 30.6 + 1.6
Physical activity©
Low 278 +13 279+ 1.2 265+ 14 25.0+0.8
Moderate 403 + 1.5 380+14 418+ 1.5 40.6 + 0.8
High 319+ 14 341+ 15 316+ 1.5 344 + 0.8
Smoker (%)
Never 542 + 1.5 553+ 1.5 592 +15 674+ 14
Past 183+ 1.3 208 + 1.2 219+ 13 169 £ 1.2
Current 275+ 14 240+ 14 189+ 1.2 15.7 £ 1.1
Alcohol consumption (g/day) 9.8 +£05 74 +04 6.0 +£ 0.4 53+03
Daily dietary intakes
Total energy (kcal/day) 1879.6 + 21.8 1846.0 + 18.1 1779.9 + 18,5 1667.4 + 20.5
Carbohydrate (%energy) 65.0 + 0.4 66.7 + 0.4 68.4 + 0.3 713+ 04
Total fat (%energy) 7.3 +0.1 7.6 £ 0.1 74 +0.1 6.9 + 0.1
Protein (%energy) 123 £ 0.1 13.9 £ 0.1 15.0 £ 0.1 159 £ 0.1
Fiber (g/1000 kcal) 2.7+ 00 34400 41400 6.1+0.1
Vitamin C (mg/1000 kcal) 27.7 £ 0.6 45.5 + 0.8 61.1 £1.2 98.0 + 2.6
Sodium (mg/1000 kcal) 2047.3 +29.8 2511.0 + 33,5 27774 + 34.1 32054 + 47.1
Na:K ratio? 20+0.0 1.8 £ 0.0 1.6 £ 0.0 14 £ 0.0

Data represent age-adjusted mean or prevalence (%) + SE, except for age and potassium intake.

¢ Non-adjusted values.
> Monthly equivalized household income.

Ratio of dietary sodium to potassium.

Defined as low (<600 MET-minutes per week), moderate (>600 to <3000 MET-minutes per week), and high (>3000 MET-minutes per week) levels of physical activity.
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Table 2
Multivariate odds ratio for metabolic syndrome and its components according to potassium intake quartiles.
Potassium intake
Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend

Metabolic syndrome*®

No. of events (%) 369 (16.0) 310 (16.5) 297 (15.8) 293 (15.5) -

Model 1P 1.00 0.82 (0.64—1.06) 0.81 (0.62—1.04) 0.70 (0.54—0.90) 0.009

Model 2¢ 1.00 0.79 (0.61—1.04) 0.77 (0.59—1.00) 0.68 (0.53—0.86) 0.002

Model 3¢ 1.00 0.78 (0.58—1.04) 0.73 (0.53—1.00) 0.61 (0.42—0.89) 0.013
Abdominal obesity?

No. of events (%) 400 (21.2) 386 (20.5) 381 (20.2) 401 (21.3) -

Model 1° 1.00 1.04 (0.79—1.38) 0.89 (0.64—1.23) 0.90 (0.66—1.22) 0.337

Model 2¢ 1.00 1.09 (0.79—-1.48) 0.88 (0.64—1.22) 0.70 (0.51—0.96) 0.011

Model 3¢ 1.00 1.19 (0.85—1.68) 0.91 (0.62—1.34) 0.67 (0.43—1.07) 0.049
High blood pressure®

No. of events (%) 455 (24.1) 381 (20.2) 382 (20.3) 349 (18.5) -

Model 1° 1.00 0.89 (0.71-1.11) 0.90 (0.72—-1.13) 0.79 (0.63—0.98) 0.048

Model 2¢ 1.00 0.92 (0.71-1.18) 0.91 (0.71-1.18) 0.84 (0.60—1.17) 0.325

Model 3¢ 1.00 0.92 (0.71-1.18) 0.92 (0.70—1.20) 0.85 (0.59—1.22) 0.396
Fasting hyperglycemia?®

No. of events (%) 374 (19.8) 334 (17.7) 315 (16.7) 359 (19.1) -

Model 1° 1.00 0.89 (0.72—1.09) 0.81 (0.65—1.00) 0.91 (0.74—1.11) 0.238

Model 2¢ 1.00 0.85 (0.67—1.08) 0.76 (0.60—0.96) 0.86 (0.68—1.08) 0.131

Model 3¢ 1.00 0.82 (0.64—1.06) 0.68 (0.52—0.89) 0.68 (0.50—0.94) 0.010
Hypertriglyceridemia?®

No. of events (%) 490 (26.0) 411 (21.8) 397 (21.1) 413 (21.9) -

Model 1° 1.00 0.76 (0.63—0.92) 0.79 (0.65—0.95) 0.83 (0.68—1.01) 0.098

Model 2¢ 1.00 0.78 (0.63—0.97) 0.84 (0.67—1.04) 0.96 (0.78—1.17) 0.861

Model 3¢ 1.00 0.75 (0.59—0.94) 0.79 (0.61-1.01) 0.88 (0.66—1.18) 0.403
Low HDL?

No. of events (%) 812 (43.1) 834 (44.2) 876 (46.5) 890 (47.2) -

Model 1° 1.00 1.14 (0.95-1.36) 1.21 (1.02—1.45) 1.09 (0.92—1.30) 0218

Model 2¢ 1.00 1.03 (0.85—1.24) 1.08 (0.89—1.30) 1.04 (0.89—1.25) 0.579

Model 3¢ 1.00 1.03 (0.84—1.26) 1.05 (0.85—1.30) 0.96 (0.75—1.24) 0.886

HDL: high-density lipoprotein.

2 Metabolic syndrome was defined as >3 components of the following: 1) abdominal obesity (waist >90 cm in men, >85 cm in women); 2) hypertriglyceridemia (>150 mg/
dL); 3) low HDL (<40 mg/dL in men, <50 mg/dL in women); 4) high blood pressure (>130/85 mmHg); and 5) fasting hyperglycemia (>100 mg/dL).

> Model 1: Adjusted for age (20—29, 30—39, 40—49, 50—59, 60—69, >70 years), sex, BMI (continuous).

€ Model 2: Adjusted for education (elementary school or less, middle or high school, college or more), income (quartiles of equivalized household income), physical activity
(low, moderate, high), smoking status (never smoker, past smoker, current smoker), and alcohol consumption (g/day) in addition to model 1.

4 Model 3: Adjusted for total energy (kcal/day), carbohydrate (%energy), total fat (%energy), fiber (g/1000 kcal), vitamin C (mg/1000 kcal), and sodium (mg/1000 kcal) intakes

as continuous variables in addition to model 2.

obesity, high blood pressure, and fasting hyperglycemia. Subjects
who ingested more potassium had a lower odds ratio for
abdominal obesity after adjusting for various factors. This trend
was less prominent, though still significant, in model 3. The in-
verse association between high blood pressure and potassium
intake was attenuated after adjusting for various lifestyle and di-
etary factors. Among those factors, dietary fiber affected the as-
sociation the most. The inverse relationship between fasting
hyperglycemia and potassium intake was significant after adjust-
ing for all lifestyle and dietary factors.

The inverse trends in the odds ratios of metabolic syndrome re-
mained significant (p for trend = 0.006) after additionally adjusting
for the dietary Na:K ratio. The Na:K ratio did not significantly affect
the odds ratios of metabolic syndrome (p = 0.647) and its compo-
nents (p > 0.1) (data not shown).

Sex-specific analysis revealed that the inverse relationship be-
tween potassium intake and metabolic syndrome was consistent
for both sexes (p for trend = 0.043 for men, and 0.008 for women,
according to model 3). Moreover, the effect of the interaction of
potassium intake with sex on the association with metabolic syn-
drome was not statistically significant (p for interaction > 0.1).

Finally, because of concerns about the validity of a single 24-
h recall for assessment of individuals’ habitual diets, we repeated
above analyses after excluding participants who responded that
they had meals more (or less) than usual during the last 24 h. All
findings were maintained in the remaining participants (n = 5765)
with small changes in detailed values (Supplementary Table 1).

4. Discussion

Our study suggests an inverse relationship between potassium
intake and metabolic syndrome and its components in adults. This
association was independent of other possible confounding factors
and was consistent for both sexes.

Several studies have showed that blood pressure is inversely
correlated with dietary potassium intake, as assessed using dietary
surveys or 24-h urinary potassium excretion [9—11], although this
observation has been considered controversial and remains open to
dispute [26,27]. Our study demonstrated that higher levels of po-
tassium intake were associated with lower blood pressure levels,
but the inverse association was attenuated after adjusting for major
lifestyle and dietary factors. Therefore, high potassium intake levels
by themselves were insufficient to explain the lower blood pressure
levels. Although the exact mechanism is unclear, it has been sug-
gested that higher potassium intake levels attenuate salt sensitivity
and the pressor effects of salt [28]. Thus, some studies have
investigated the biological interaction of sodium and potassium in
particular, and have reported that the Na:K ratio is more closely
related to blood pressure than potassium itself [9,10]. In contrast,
we found no significant association between the Na:K ratio and
high blood pressure or metabolic syndrome.

Potassium also plays a critical role in insulin secretion from
pancreatic beta cells [29] and in carbohydrate metabolism, partic-
ularly in the conversion of glucose to glycogen [3,30]. Therefore,
hypokalemia may lead to impaired insulin secretion as well as
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impaired glucose tolerance. Two recent studies have reported that a
low level of serum potassium is an independent predictor of inci-
dent diabetes [31,32]. In contrast to the serum potassium level,
however, the association between dietary potassium intake level
and the risk of diabetes has been controversial [12,31]. According to
our results after multivariable adjustment, individuals with higher
dietary potassium intake levels were less likely to have fasting
hyperglycemia. Since diabetic patients were excluded from our
study, we could not directly evaluate the association between po-
tassium intake and diabetes. Nevertheless, our results suggested
possible beneficial contribution of dietary potassium intake on
fasting hyperglycemia (or impaired fasting glucose), a pre-diabetic
status which is closely related to the future development of dia-
betes [33]. Interestingly, this inverse relationship was not signifi-
cant before adjusting for dietary factors (model 1 and model 2).
Once we further adjusted for dietary factors in model 3, however,
the inverse association became statistically significant. This can be
explained by possible contribution of diets on fasting glucose level
[34]. Among several dietary factors, total energy intake was the
most significant negative confounding factor for the association
between potassium intake and fasting hyperglycemia (data not
shown). More studies are needed to confirm this result and to
examine the underlying mechanism.

Until recently, no studies had described the association be-
tween potassium intake and abdominal obesity. Our results sug-
gest that potassium intake is inversely related to abdominal
obesity. Given the well-documented beneficial association be-
tween obesity and the intake of fruits and vegetables [35], which
are the major food sources of potassium, future studies could
consider potassium one of the possible dietary components
affecting abdominal obesity.

The main sources of dietary potassium intake are fruits and
vegetables which were shown to be beneficial to metabolic syn-
drome [14]. However, we could not consider total intakes of fruits/
vegetables in the present study, since publicly available KNHANES
IV does not provide such data. Future studies can focus on the as-
sociation between metabolic syndrome and dietary fruits/vegeta-
bles as well as other elements abundant in fruits/vegetables.

4.1. Limitations and strengths

This study has several limitations. First, as with other nutritional
epidemiology studies, a single 24-h dietary recall is not optimal for
assessing individual’ long-term, habitual diet, and may not be ac-
curate in assessment of exact dietary intake due to fault of memory
and errors in estimating portion size. However, adults are likely to
have a stable nutrient intake over time [36,37], and potassium
intake assessed by a single 24-h recall was significantly correlated
with pooled long term intake [20] as well as 24-h urinary potas-
sium excretion [21—23]. In addition, all findings were maintained
even if we restricted the analyses to the participants who answered
that they had meals as usual during the last 24 h, in which the
results of 24-h recall could better represent the participants’ usual
diets (see Supplementary material). Further studies with multiple
24-h dietary recalls or 24-h urinary excretion are needed to confirm
this association. Second, the cross-sectional nature of this study
prevented us from determining an exact cause-and-effect rela-
tionship. Nevertheless, to overcome the issue of reverse causality in
such a cross-sectional study design, we excluded subjects with
chronic diseases who might have altered their eating behaviors
after diagnosis. In spite of these limitations, this study is important
since it is the first to examine the relationship between potassium
intake and metabolic syndrome and its components in adults
representative of the whole nation after adjusting for several
confounders.

5. Conclusion

In conclusion, our study found a significant inverse association be-
tween potassium intake and metabolic syndrome in the general adult
population. Further studies are required to confirm this association.
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