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Abstract

We examined major trends and patterns regarding sodium and potassium intake and the ratio of
sodium and potassium in the diets of South Koreans. We analyzed detailed 24-hour dietary recall
data collected from 10,267; 8,819; and 9,264 subjects ages two years and older in the 1998, 2005,
and 2009 Korean National Health and Nutrition Examination Surveys, respectively. Mean sodium
intake did not change significantly between 1998 and 2009 (4.6 g/d vs 4.7 g/d), while potassium
intake increased significantly [2.6 g/d vs. 2.9 g/d (p < 0.001)]. The major dietary sodium sources
were kimchi, salt, soy sauce, and soybean paste, and most potassium came from unprocessed
foods (white rice, vegetables, kimchi, and fruits). About 50 percent of the participants consumed 4
or more grams of sodium per capita per day. The proportion of respondents consuming 4 to 6
grams of potassium per capita per day increased from 10.3 percent in 1998 to 14.3 percent in 2009
(p < 0.001), and the sodium-potassium ratio decreased from 1.88 to 1.71 (p < 0.001). One major
implication is that efforts to reduce sodium in processed foods will be ineffective and future
efforts must focus on both education to reduce use of sodium in food preparation and sodium
replacement in salt, possibly with potassium.
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INTRODUCTION

Hypertension is a major risk factor for morbidity and mortality, particularly in East Asia (1).
Globally, cardiovascular disease (CVD) is the number one cause of mortality, and in 2008 a
major component was stroke and other forms of cerebrovascular disease (2), with some
estimates of roughly 25 percent of all CVD deaths linked to hypertension. Gastric cancer is
the most common cancer worldwide, with age-standardized 2007 incidence rates of 40.4
and15.9 cases per 100,000 person-years for men and women, respectively (3).
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South Korea is known to have a very high incidence of both hypertensive disease and
stomach cancer, with the former responsible for 9.6 percent of total mortality in 2010 (4, 5).
Stomach cancer is equally significant, and the South Korean diet is implicated in this
problem (6, 7). High sodium intake is seen as a major cause of both stomach cancer and
hypertension. Potassium has been found to be protective in both epidemiological and clinical
studies, showing that a high-potassium diet lowers blood pressure in individuals with raised
average blood pressure (8).

The traditional South Korean diet is generally high in sodium. According to a 2009
government report on the country’s nutritional status, South Koreans consumed 4.6 grams of
sodium per capita per day and 2.5 grams of potassium per capita per day (9). This is far
greater than the World Health Organization (WHO) recommendation of 2 grams of sodium
per capita per day, though potassium intake is within the limits established by the WHO of
70-80 mmol (2.7-3.1 g) per capita per day (10). No previous studies have examined sodium
and potassium intake patterns and sodium-potassium ratio in South Korea. Using nationally
representative data from the Korean National Health and Nutrition Examination Survey
(KNHANES), this study examines sodium and potassium intake from individual dietary
surveys for the period 1998- 2009.

Study Population

Dietary Data

KNHANES is a cross-sectional health and nutrition study of nationally representative
samples of noninstitutionalized South Korean civilians ages 1 year and older. KNHANES is
based on a multistage, stratified area probability sample of noninstitutionalized South
Korean households in different geographic areas and in different age and sex groups.
Baseline data were collected in 1998 with follow-up exams in 2001, 2005, and 2007-9.
Weights indicating the probability of being sampled were assigned to each respondent,
enabling the results to represent the entire South Korean population. The 1998 and 2001
KNHANES were conducted by the Korea Institute for Health and Social Affairs (KIHASA)
and the Korea Health Industry Development Institute (KHIDI); the 2005 KNHANES was
conducted by the KIHASA, the KHIDI, and the Korea Centers for Disease Control and
Prevention (KCDC). The 2007-9 KNHANES was conducted solely by the KCDC (11).

For the purposes of this study, we used data from individuals ages 2 years and older from
KNHANES 1998, 2005, and 2009. Final sample sizes were n=10,267, n=8,819, and
n=9,264; respectively.

A single twenty-four-hour dietary recall was collected from each respondent through in-
person interviews. Recipes for all food items consumed were also collected. To enhance
recall, particularly for away-from-home food consumption, actual food shapes and two-
dimensional models of plates and bowls were used to assist the respondent’s report of the
volumes of the food items consumed (12) . Based on the recipes collected from each
household during the interview, the weight of each ingredient was estimated from the
volume of food ingested. Sodium and potassium intake was then calculated using
information from the Korean Food Composition Tables (13) and the recipe database for the
KNHANES (14). We present measures of grams per capita per day (g/capita/d) that take into
account nonconsumers and the percent consuming each of the food groups examined.
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Selected Food ltems

Food groups for this study were created using the system developed at the University of
North Carolina at Chapel Hill (UNC). The UNC food-grouping system categorizes and
groups individual US Department of Agriculture (USDA) food items from multiple studies
over time to ensure comparable food and nutrient compositions. It is important to note that
USDA food groups were broken into more detailed, nutrient-based food categories using a
systematic method described in detail elsewhere (15). Additional food groups were added to
represent unique Korean foods.

From the UNC food groups, sodium-rich seasonings and specific food items were separated
based on their proportionate contribution to total daily sodium and potassium levels.
Specifically, foods were listed in descending order of proportionate contribution to sodium
(or potassium) intake. Foods representing 0.2 percent or more of total daily intake of sodium
(or potassium) were selected for inclusion.

The final food groups for sodium included seasonings (salt, seasoning powder [MSG], soy
sauce, soybean paste, fermented red pepper paste, and other seasonings), kimchi (traditional
fermented cabbage), ramen (Korean noodles), processed meat (ham, sausage, bacon, and
others), other noodles and pasta, other sauces, and milk and milk/soy drinks. For potassium
the final good groups included vegetables, kimchi, fruits, white rice, starches, seaweeds,
milk and milk/soy drinks, plain fish, coffee and tea, pork, soybean paste, plain poultry and
poultry dishes, beef, ramen, and other foods.

Statistical Analysis

All statistical analyses were conducted using SAS (release 9.2; Cary, NC, USA). The Xz—test
was used to compare the percentage of demographically variable groups by year. The
student #test was also used to assess differences in consumption (per capita and per
consumer) across mean intakes of sodium and potassium. All statistical tests compare 1998
and 2009 only with p < 0.05 set for statistical significance.

RESULTS

The distributions of respondents’ demographic factors are presented in table 1. Mean age of
the sample increased slightly between 1998 and 2009. Levels of education and income
changed significantly between 1998 and 2009. Specifically, there were increases in those
with more than a high school education and at the highest level of income. Residence in
rural areas decreased.

Sodium: Trends and Sources

Mean sodium intake was 4.6 g/capita/d, 4.5 g/capita/d, and 4.7 g/capita/d in 1998, 2005, and
20009, respectively (table 2) and did not change significantly during this time period. But the
mean sodium intake of females decreased from 4.1 g/capita/d in 1998 to 3.9 g/capita/d in
2009 (p < 0.01), whereas male intake significantly increased from 5.1 g/capita/d in 1998 to
5.5 g/capita/d in 2009 (p< 0.001). Mean sodium intake for most age groups decreased except
in the middle-aged group (ages 40-59 years), whose consumption increased from 5.1 g/
capita/d in 1998 to 5.3 g/capita/d in 2009 (p < 0.05). We also measured total salt intake
(table 2). The results show that in 2009 for rural, small city and large cities the intake was
11.8 g/capita/d, 11.5 g/capita/d and 12 g/capita/d, respectively. Average national salt intake
levels in 2009 was 11.8 g/capita/d.

Most individuals consumed more daily sodium than is recommended. Over 50 percent of
participants consumed 4 g/capita/d or more of sodium at all three time points examined, with
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only 11.0 percent, 11.7 percent, and 15.9 percent consuming less than 2 g/capita/d in 1998,
2005, and 2009, respectively (table 3).

The major sources of dietary sodium were kimchi and salt, followed by soy sauce, soybean
paste, and ramen. This order did not change between 1998 and 2009. Sodium intake from
kimchi increased from 1.19 g/capita/d in 1998 to 1.31 g/capita/d in 2009 (p < 0.05). The
absolute intake (p < 0.05) and percentage (p < 0.001) of sodium from salt decreased
significantly between 1998 (0.87 g/capita/d; 17.8 percent) and 2009 (0.80 g/capita/d; 16.1
percent). MSG consumption also decreased during this time period (p < 0.001), while
fermented red pepper paste and other seasonings (including such as fermented soybean paste
and curry powder) increased (figure 1). Shifts in sodium intake per capita (grams), per
consumer (grams), and in percentages consuming are found in Supplementary Table 1 and 2
are available at the JHH website. Per capita and per consumer changes in consumption of
sodium from added condiments and some packaged, processed foods. Consumers obtained
large amounts of sodium from ramen (1.46 g/consumer/d in 2009) and noodles/pasta 1.09 g/
consumer/d in 2009 (see Supplementary Table 1) despite the relatively small proportions of
consumers (0.14 % and 0.17% in 2009, respectively, Supplementary Table 2).

Potassium: Trends and Sources

Mean potassium intake significantly increased between 1998 and 2009, 2.6 g/capita/d versus
2.9 g/capita/d (p < 0.001). Specifically, potassium consumption among adults ages 19-39,
40-59, and 60 and older increased during this time period: 2.9 g/capita/d versus 3.1 g/capita/
d (p <0.01); 2.8 g/capita/d versus 3.2 g/capita/d (p < 0.001); and 2.3 g/capita/d versus 2.6 g/
capita/d (p < 0.01), respectively. Potassium intake also increased across all levels of income
and education and all regions (table 2).

The proportion of individuals consuming 2 g/capita/d or more of potassium in 1998, 2005,
and 2009 was 39.0%, 34.7%, and 31.2% respectively. At the same time persons consuming
4 to 6 g/capita/d of potassium increased significantly (p < 0.001) (table 3). Most of the
potassium consumed came from unprocessed foods. In 1998 white rice was the major source
of potassium, followed by vegetables, kimchi, and fruits. The major sources of potassium
were not changed in 2009. There were, however, small but significant increases in
potassium intake from fruits, 0.21 g/capita/d in 1998 compared to 0.31 g/capita/d in 2009 (p
< 0.001), and decreases in potassium from white rice, 0.35 g/capita/d in 1998 compared to
0.29 g/capita/d in 2009 (p < 0.001) (figure 2). Shifts in potassium intake per capita (grams),
per consumer (grams), and in percentage consuming are in Supplemental Tables 3 and 4.
The major sources of potassium intake per consumer were fruit, followed by starch,
vegetables and milk & milk/soy drinks (0.61, 0.49, 0.43 and 0.41 g/consumer/d,
respectively, Supplemental Table 3). Differences between per capita and per consumer
estimates were largely based on differences in the percent consuming each of these food
groups (Supplemental Table 4) On the other hand, per capita and consumer mean potassium
intake levels were similar for white rice and vegetables (Supplemental Table 3), for
example, because large proportions of the population reported consuming each (97.0% and
97.3% in 20009, respectively, Supplemental Table 4).

Sodium-Potassium Ratio

Table 4 shows the mean per capita sodium-potassium ratio. Between 1998 and 2009 the
mean sodium-potassium ratio decreased from 1:88 to 1:71 (p < 0.001). The sodium-
potassium ratio decreased in all population subgroups. And the population percentage of
sodium-potassium ratio greater than 2 significantly decreased over time from 35.1% to 27%,
whereas the percentage of persons with a sodium-potassium ratio 0.5, 0.5 to < 1.0, and 1.0 to
< 2.0 increased significantly (p < 0.001) (table 5).
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DISCUSSION

Sodium intake in South Korea is a major health risk. Most individuals consume more daily
sodium than is recommended. Over 50 percent of our participants consumed 4 g/capita/d or
more of sodium at all three time points examined, with fewer than 16 percent of the sample
consuming the recommended < 2 g/capita/d in 2009. Per capita total salt intake was 11.8 g/
capita/d in 2009. While potassium intake increased slightly, linked with a decrease in
sodium-potassium ratios in all population subgroups, over 80 percent of South Koreans
consumed a sodium-potassium ratio above 1.0, the highest ratio suggested in the literature.

Overall, sodium intake in South Korea is considerably higher, and potassium intake
considerably lower than recommended levels (10). These trends represent an important risk
factor for the health of South Korean adults, as high sodium intake has been associated with
increased risk of many chronic diseases (16) and higher sodium-potassium ratios are
associated with significantly increased risk of several chronic diseases (17), including
cardiovascular diseases (18) and all-cause mortality (16).

We estimated the mean sodium intake was 4.5 to 4.7 g/capita/d between 1998 and 2009 in
Korea. In South Korea more than half of our participants consumed twice the reference
intake of 2 grams per day (g/d) between 1998 and 2009. Similar results have been found in
many other countries, particularly in East Asia, with mean sodium intake exceeding
recommended levels. In 1997-98 adults ages 40-59 in China consumed between 3.0 and 6.7
g/d, and those in Japan consumed between 4.3 and 4.8 g/d (19). Although sodium intake in
Western countries is slightly lower than that observed in Asian countries, it is still higher
than the WHO recommended levels. In 2007-2008, the average sodium intake of the U.S.
population aged two years and older was 3.3 g/d (20), while that in the United Kingdom’s
was 8.1 g salt (sodium 3.2 g) for adult in 2011 (21).

Although potassium intake in South Korea was lower than recommended levels, it was
similar to select other research in the US, China, and other countries. For instance, usual
potassium intake among American men and women, 3.3 g/capita/d and 2.4 g/capita/d,
respectively in NHANES 111 (16), and elderly hospital patients among men and women, 3.1
g/capita/d and 2.9 g/capita/d, respectively, in Guangdong Province, China in 2007-2008
(22). Potassium intake (range; 3.2g/capita/d-4.8 g/capita/d) in the European countries
participating in the European Food Consumption Validation Project (EFCOVAL) is slightly
higher than that observed in South Korea, Japan, and the United States (23), but almost all
countries fall short of meeting the recommended potassium intake. A more recent summary
of work has shown that the average potassium intake was from 1.7 g/d in China to 3.7 g/d in
Finland, the Netherlands, and Poland (24). Potassium intake in the USA was 2.8-3.3 g/d for
men and 2.2-2.4 g/d for women (25).

The 2002 joint WHO-Food and Agriculture Organization of the United Nations (FAQ)
Expert Consultation recommended that the general population consume a sufficient amount
of potassium to maintain the molar ratio of sodium to potassium of 1:1 or approximately 70—
80 millimoles (mmol) of potassium per day (10). But this is controversial and some scholars
recommended around 0.5 (26, 27). In the present study, the mean sodium-potassium ratio
was very high, 1.71 in 2009, especially among males and those 19-39 years old (1.80 and
1.81 respectively). This level is higher than the sodium-potassium ratio observed among
American men and women (1.31 and 1.23, respectively) in NHANES I11 (16). Although
many studies reported that high sodium or low potassium intake are associated with
increased risk for CVD, it is difficult to find the dietary sodium-potassium ratio linked with
these same health outcomes.

J Hum Hypertens. Author manuscript; available in PMC 2013 August 10.
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Individuals did not meet the recommended intake for sodium or potassium in 1998 or 2009,
and there were only minor shifts in the levels and major dietary sources of these nutrients
over time. In most developed countries about 77 percent of total sodium intake comes from
processed foods and only 12 percent from sodium naturally occurring in foods (28). Our
study shows a very different situation in South Korea, with kimchi processed either at home
(the main source) or in commercial settings contributing 26 to 27 percent of total sodium
intake between 1998 and 2009. Salt and soy sauce were also significant sources of sodium
intake, 16.1 percent and 8.7 percent, respectively, in 2009. What is most important to note is
that these foods are processed mainly at home or are condiments added during food
preparation, not packaged processed foods, as is observed regarding sodium consumption in
most developed countries. Major contributors to potassium consumption have also changed
very little over time and are not packaged processed foods.

The WHO’s global goal is to reduce salt intake to less than 5 grams (2,000 milligrams of
sodium) per person per day by 2025 (29), and some countries are aiming for even lower
levels in the longer term (30). Many countries have introduced salt reduction initiatives,
often led by governments and sometimes by nongovernmental organizations but rarely by
industries (31). The salt reduction strategy of the UK consisted of two principal areas of
work: a consumer awareness campaign and the creation of an enabling environment by
working closely with the food industry to provide clear nutrition labeling and to reformulate
processed foods. China also has health promotion and educational approaches to encourage
people to use less salt while cooking and they have introduced the use of a calibrated salt
spoon to aid in this. In America, the National Salt Reduction is to address industry comment
that sodium reduction targets should be uniform and not vary by state or local regions (32).
The South Korean government has also pledged to develop national salt reduction strategies
by establishing networks among government, industries and academies, and the Korea Food
and Drug Administration (KFDA). The 10 action plans for improving the health of children
include lowering the amount of sugars, sodium, and trans-fatty acids in children’s favorite
foods (33). Our results indicate that sodium substitutes in salt, soy sauce, and soybean paste
represent a critical component of any such effort.

Clearly there are important limitations in utilizing 24-hour recall data to measure sodium
and potassium intake. Twenty-four hour urine collection is the gold standard; however this
is impractical to use it in field surveys or clinical settings. Previous studies indicate a
correlation between sodium excretion measured by 24-hour urine and sodium intake. Kim et
al. (34) reported that urinary sodium excretion was 180 £73.9 mmol/day (4.1 g/day), which
was about 90.5% for Korean adults. In other studies, Park et al. (35) reported that 24-h
sodium and potassium excretion values for Korean hypertensive adults were 150+40 mEq/
day (3.5 g/day) and 49+10 mEq (1.9 g/day), respectively. These results were similar to the
result of this study which reported 4.6-4.7 g/day of sodium intake and 2.6-2.8 g/day of
potassium intake considering a urinary excretion rate between 1998 and 2009 in Korea. No
South Korean studies have measured potassium intake with twenty-four hour urinary
excretion methods. However studies to estimate the relationship between sodium and
potassium intake and urinary excretion in this population are necessary.

The South Korean food supply is changing rapidly, and hypertension and CVDs are still
major health burdens among adults. This study points out that individual use of sodium at
the home preparation level is the critical issue. Nevertheless, it is unlikely that such high
levels of sodium can be removed from the South Korean diet. In addition, education to
encourage reduced use of sodium in preparation of kimchi, reduced added salt during other
food preparation, and reduced consumption of soy sauce and soybean paste is necessary.
Finally, a focus on sodium reduction in processed foods, possibly through potassium as a
sodium replacement, should be considered.
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Ramen (4%)

Other (15%)

\
Other (5%)?

Prepared at
home/restaurant

Top 5 sources of dietary sodium in South Korea, 1998 and 2009

a0ther added condiments
bOther unprocessed foods
®Noodles and pasta
dOther processed foods

***Percentage contribution to sodium or potassium intake between 1998 and 2009 is

statistically significant, students t-test p < 0.001.
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Prepared at

Prepared at
home/restaurant

home/restaurant

Figure 2.

Top 5 sources of dietary potassium in South Korea, 1998 and 2009

*Percentage contribution to sodium or potassium intake between 1998 and 2009 is
statistically significant, students t-test p < 0.05.

**Percentage contribution to sodium or potassium intake between 1998 and 2009 is
statistically significant, students t-test p < 0.01.

***Percentage contribution to sodium or potassium intake between 1998 and 2009 is
statistically significant, students t-test p < 0.001.
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Table 1

Distribution of demographic factors in KNHANESZ, 1998, 2005 and 2009

1998 2005 2009 Pvalue
Demogr aphic grou for
e w'l;lj%c?; Per cent wlt;ljc;c(t); Per cent su’k\Jlj%c(t); Percent  percent?
Sample size (n)
Number of Individuals 10,400 100 8,930 100 9,391 100
Mean of Age2 33.1+0.4 35.3+0.3 37.3x0.4 <0.001
Age groups (%)
2-6y 875 7.9 631 5.8 663 4.9
7-12y 911 9.1 915 9.1 889 7.2
13-18y 980 10 747 8.1 738 8.9
0.0723
19-39y 3,416 354 2,511 34.8 2,248 325
40-59y 2,565 245 2,574 28 2,517 30.5
60 y+ 1,520 11.6 1,441 13.2 2,209 15.1
Gender (%)
Male 4,984 48.7 4167 50.2 4,182 50.2 <0.01
Adults (=19 y) education
(%)
<High school diploma 3,236 36.7 2,338 30.7 3,091 35.3
=>High school diploma 4,276 63.3 4,201 69.3 3,909 64.7 <o.001
Income as percentage of poverty (%)3
Low (<120%) 3,671 32.7 1,878 19.9 2,526 235
Middle (120-250%) 4,340 459 3,495 40.1 3,292 37 01884
High (=250%) 1,961 215 3,403 39.9 3,443 395
Region (%)
Large City 4,130 479 4,102 47.1 4,069 46.4
Small City 2,658 32 3,089 35.2 3,320 37.2 <0.05
Rural 3,612 20.1 1,739 17.7 2,002 16.4

1. . . .
Weighted to be nationally representative.

2MeaniStandard Error.

3Ca|culated values based on poverty threshold of each year.

4X2' test comparing the percent of each demographic group between 1998 and 2009.
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Table 2
Sodium (Salt) and Potassium Intake (grams/day) in South Korea, 1998, 2005 and 2009

Sodium (Salt) intake, g/d/capita  Potassium intake, g/d/capita

Demogr aphic
group 1998 2005 2009 P 1998 2005 2009 P
valuel value?
Age groups

26y 23(58) 23(58) 20(0) <001 16 17 17 0.2769
7-12y  36(9.0) 36(9.0) 33(83) 01323 23 23 23 04215
13-18y 4.2(105) 4.2(105) 4.1(103) 03492 24 24 25 0184
19-39y 5.2(13.0) 4.8(12.0) 52(130) 06875 29 26 31 <001
40-59y 5.1(12.8) 5.0(125) 53(13.3) <005 28 28 32 <0.001
60y+ 4.2(105) 45(11.3) 4.1(103) 03132 23 25 26 <001
Gender

Male 5.1(12.8) 4.9(12.3) 55(13.8) <0001 28 27 32 <0.001
Female 4.1(10.3) 4.1(10.3) 39(9.8) <001 24 24 25 <001

Adults (=19 y) education

<High school
diploma 46(115) 4.6(115) 46(115) 05776 24 25 27 <0.001
=High school
diploma 51(12.8) 49(12.3) 53(13.3) 0.135% 2.9 2.7 3.2  <0.001
Income as percentage of
poverty(%)3
Low (<120%) 4.4 (11.0) 4.4(11.0) 4.2(105) <005 24 25 25 <005
Middle (120-
250%() 45(11.3) 45(113) 4.8(120) <0.05 26 2.6 29 <0.001

High (2250%) 4.7 (11.8) 4.8(12.0) 4.9(123) 00878 29 29 31 <001

Region
Large City 4.5 (11.3) 45(11.3) 4.7(11.8) <005 26 26 31 <0.001
Small City 4.6 (11.5) 4.7(11.8) 46(115) 06698 26 25 3 <0.001
Rural 45(11.3) 45(11.3) 4.8(120) 0062 25 26 28 <0.001

Total 46(11.5 45(11.3) 4.7(11.8) 00887 26 2.6 29 <0.001

JStudent t-test comparing mean per capita sodium intake between 1998 and 2009.
2 . . -
Student t-test comparing mean per capita potassium intake between 1998 and 2009.

3Ca|culated values based on poverty threshold of each year.
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Distribution of Dietary Sodium and Potassium Intake (%) in South Korea, 1998, 2005 and 2009

Table 3

Sodium Potassium
Group
1998 2005 2009 PpPvyaluel 1998 2005 2009 pyaluel
<2g9/d 110 117 159 390 347 312
2-4g/d 350 378 340 481 549 50.6
0.2404 <0.001

4-69/d 256 285 250 103 9.2 143
26g/d 235 220 252 2.6 1.2 3.9

'ZXZ— test comparing the percent of each group between 1998 and 2009.
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Table 4
Sodium-Potassium Ratio in South Korea, 1998, 2005 and 2009

Demographicgroup 1998 2005 2009 pvaluel

Age groups
2-6y 150 146 127 <0.001
7-12y 165 165 1.49 <0.05
13-18y 188 188 1.73 <0.05
19-39y 194 190 181 <0.001
40-59y 196 186 174 <0.001
60y+ 2.00 193 1.68 <0.001
Gender
Male 191 187 1.80 <0.001
Female 186 181 1.62 <0.001
Adults (=19 y)
education

<High school diploma 2.04 192 1.78 <0.001
>High school diploma 194 188 1.74 <0.001

Income as percentage of poverty (%)2
Low (<120%) 1.96 184 1.75 <0.001
Middle (120-250%) 1.85 1.78 1.73 <0.01
High (2250%) 178 176 167  <0.05

Region

Large City 1.87 174 1.63 <0.001
Small City 185 187 1.63 <0.001
Rural 196 184 172 <0.001

Total 18 184 171  <0.001

1 . . . . .
Student t-test comparing mean per capita sodium-potassium ratio between 1998 and 2009

ZCaIcuIated values based on poverty threshold of each year.
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Table 5

Distribution of Sodium-Potassium Ratio in South Korea, 1998, 2005 and 2009

Group 1998 2005 2009 Ppvaluel
Ratio <0.5 1.7 1.1 2.2
05<Ratio<1.0 118 9.0 14.2
<0.001
10<Ratio<2.0 514 566 557
20<Ratio 351 333 279

lxz-test comparing the percent of each group between 1998 and 2009.
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