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Abstract
OBJECTIVES
The low-sodium diet is a known preventive factor for hypertension and cardiovascular disease. Factors associated with low-sodium diets should be identified to reduce sodium intake effectively. This study was conducted to identify factors correlated with a low-sodium diet.

METHODS
This cross-sectional study analyzed data from a total of 14,539 Koreans aged 20 years or older, who participated in the Fourth (2007-2009) Korean National Health and Nutrition Examination Survey. A low-sodium diet was defined as having ≤2,000 mg/day based on 24-hour recalls. Multiple logistic regression models were used to assess sex, age, education, number of family members, household income, occupation, alcohol drinking, total energy intake, frequency of eating out, and hypertension management status for their associations with low-sodium diets.

RESULTS
Among all participants, only 13.9% (n=2,016) had low-sodium diets. In the multivariate analysis, 40-49 years of age, clerical work jobs, higher total energy intake, and frequent eating out were inversely associated with low-sodium diets. And female sex and living-alone were associated with low-sodium diets. Lower frequency of eating out was significantly associated with low-sodium diets, even after adjusting for total energy intake and other potential confounders. Adjusted odds ratios (95% confidence interval) for a low-sodium diet were 1.97 (1.49-2.61), 1.47 (1.13-1.91), 1.24 (0.96-1.61), and 1.00 (reference) in people who eat out <1 time/month, 1-3 times/month, 1-6 times/week, and ≥1 time/day, respectively.

CONCLUSIONS
Our study suggests that sex, age, number of family members, occupation, total energy intake, and lower frequency of eating out were associated with a low-sodium diet in Korean adults.
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INTRODUCTION
Societies with a low-sodium diet have been observed to have a relatively low prevalence of hypertension [1], and dietary sodium reduction could reduce blood pressure in not only hypertensive but also normotensive and prehypertensive individuals [2]. Prospective studies investigating the effects of sodium intake on cardiovascular mortality have shown positive associations between dietary sodium intake and the risk of stroke [3,4] and coronary heart disease [5,6]. Also, a modest reduction in dietary salt could substantially reduce cardiovascular events and medical costs [7]. The Lancet Non-Communicable Disease (NCD) Action Group and the NCD Alliance have proposed five priority interventions, each chosen for their health effects, cost-effectiveness, low cost of implementation, and political and financial feasibility. One of these interventions is a reduced salt intake [8].
In Korea, the average sodium intake has been estimated at 4,878 mg/day [9], more than 2.4 times the recommended amount [10]. Previous studies regarding sodium intake in Korea have addressed the sources of sodium intake by looking at sodium levels in prepared dishes [11-14]. However, few studies have evaluated individual factors related to a low-sodium diet. In order to effectively reduce sodium intake in the Korean population, we need to identify factors associated with a low-sodium diet. Accordingly, this study was conducted to identify factors correlated with a low-sodium diet in Korean adults.

MATERIALS AND METHODS
The Fourth Korean National Health and Nutrition Examination Survey, conducted by the Korea Centers for Disease Control and Prevention over a three-year period (2007-2009), used a complex multistage sampling design to obtain a representative sample of the civilian, non-institutionalized Korean population. A total of 17,240 Koreans aged 20 years or older were enrolled during the 2007-2009 period. Of these, 2,701 participants were excluded from the present study due to absence of variables, and implausible dietary consumption, i.e., <800 kcal/day or >4,000 kcal/day in males, and <500 kcal/day or >3,500 kcal/day in females [15]. In total, 14,539 participants were eligible for this study. All participants provided written informed consent and this study was approved by an institutional review board.
The survey consisted of three components: the Health Interview Survey, the Health Examination Survey and the Nutrition Survey. Data from the Health Interview Survey were used to obtain information on age, education, marital status, number of family members, household income quartiles, occupation, alcohol drinking, hypertension diagnosis, hypertension treatment, and comorbidities, such as stroke, myocardial infarction, ischemic heart disease, and chronic renal failure. Data on blood pressure were obtained from the Health Examination Survey. The frequency of eating out, total energy intake, and dietary sodium intake were obtained from the Nutrition Survey.
Hypertension management status was categorized into five groups: normotension (diastolic blood pressure<80 mmHg and systolic blood pressure<120 mmHg), prehypertension (not included in the normal or hypertensive criteria), hypertension without treatment, hypertension with treatment, and hypertension with comorbidities as listed above. Dietary sodium intake (mg/day) was estimated based on a 24-hour dietary recall, and we defined a low-sodium diet as less than 2,000 mg/day [16].
Thus, age, education, marital status, number of family members, household income, occupation, total energy intake, alcohol drinking, frequency of eating out, and hypertension management status were considered the potential factors associated with a low-sodium intake. Selection of covariates was based on the published literature review and univariate logistic regression analyses. Marital status was excluded because of its lack of statistical significance (p=0.45).
Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA), accounting for the multistage, stratified survey design, and survey weightings to obtain all estimated coefficients. For the descriptive analyses, gender-specific histograms of sodium intake distributions were created. Categorical variables were described by the number of participants, percentage of participants, estimated population size, and estimated percentage with survey analysis (PROC SURVEYFREQ, and PROC SURVEYMEANS). The mean sodium intake according to the variables was likewise estimated. Univariate logistic regression analysis was used to obtain odds ratios (ORs) and 95% confidence intervals (CIs) for the association between a low-sodium diet and the independent variables. Those factors identified as statistically significant by univariate analysis (p<0.05) were included as independent variables in the multivariate logistic regression model. In order to evaluate the residual confounding effect of total energy intake, the association between the frequency of eating out and a low-sodium diet was further analyzed separately according to the tertiles of total energy intake.

RESULTS
The characteristics of the study population are shown in Table 1. The mean age of the study population was 45.7 years. Those who were unemployed represented the highest frequency in the occupation variable, explained by the fact that the unemployed group included students and housewives. In total, 13.9% of the study participants consumed less than 2,000 mg/day sodium. This value compares with 11.9% (estimated number of people=3,559,822) in the Korean population.
Table 1 Characteristics of study population (n=14,539)
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Values are presented as number (%).*Comorbidity includes stroke, myocardial infarction, ischemic heart disease, and chronic renal failure.

[See Full Table]


Figure 1 gives the distribution of sodium intake in Korean women and men. The median (25th-75th percentile) values of sodium intake were 4,208 (2,812-6,159) mg/day in women and 5,205 (3,632-7,247) mg/day in men. The distribution of sodium intake was much higher in men than in women (p<0.05). Accordingly, only 5.2% of male adults (estimated number=706,909) consumed less than 2,000 mg/day sodium, while the corresponding percentage in female adults was 17.5% (estimated number=2,852,912).
[image: Figure 1]
Figure 1 Estimated distribution of sodium intake in Korean women and men.

Table 2 shows the mean sodium intake and its 95% CI according to the variables examined. In each category, there were significant differences in mean sodium intake according to the statistical test used, such as a t-test or analysis of variance (ANOVA). Mean sodium intake was highest in people aged 40-49 years. Higher levels of education, household income, total energy intake, higher number of family members, alcohol drinking, and more frequent eating out were associated with higher mean sodium intake. According to hypertension management status, those with prehypertension had the highest sodium intake, while those with hypertension with comorbidity consumed the least sodium.
Table 2 Mean sodium intake according to factors studied
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*Comorbidity includes stroke, myocardial infarction, ischemic heart disease, and chronic renal failure.
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The factors associated with a low-sodium diet are shown in Table 3. All covariates were significantly associated with a low-sodium diet in the univariate logistic regression. However, the associations found with education, household income, alcohol drinking, and hypertension management status disappeared in the multivariate analysis. The following factors were associated with a reduced OR for a low-sodium diet: aged 40-49 years (OR=0.63 compared to 20-39 years), and employed in clerical work (OR=0.56 compared to unemployment). A low-sodium intake was associated with female sex (OR=1.55) and living alone (OR=1.31 compared to living in a large family, i.e., ≥4 people). Total energy intake was the strongest determinant of a low-sodium diet. Therefore, the ORs for a low-sodium diet increased with decreasing total energy intake: >75% (reference), 50-74% (OR=2.58), 25-49% (OR=7.19), and <25% (OR=25.82). People who ate out less than once per month (OR=2.01) and one to three times per month (OR=1.51) had significantly higher odds of having a low-sodium diet when compared with those who ate out more than once per day.
Table 3 Factors associated with a low-sodium diet (≤ 2,000 mg/day)
[image: ]
OR, odds ratio; CI, confidence intervalStatistically significant estimates (p<0.05) appear in bold.*Adjusted for sex, age, education, number of family members, household income, occupation, total energy intake, alcohol drinking, frequency of eating out, and hypertension management status; †Comorbidity includes stroke, myocardial infarction, ischemic heart disease and chronic renal failure.
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Figure 2 illustrates the association between the frequency of eating out and a low-sodium diet separately in the tertiles of total energy intake. Each model was adjusted for sex, age, education, number of family members, household income, occupation, total energy intake (as a continuous measure), alcohol drinking, and hypertension management status. The OR for a low-sodium diet tended to decrease with increased frequency of eating out, divided by tertile of total energy intake in all three groups, although the statistical significance varied between groups.
[image: Figure 2]
Figure 2 The association between frequency of eating out and low-sodium intake by total energy intake*.*Adjusted for sex, age, education, number of family members, household income, occupation, total energy intake (as a continuous variable), alcohol drinking, frequency of eating out, and hypertension management status.


DISCUSSION
Our results indicate that next to total energy intake, frequency of eating out was one of the most important determinants of a low-sodium diet, followed by sex, age, number of family members, and occupation. On the other hand, factors such as education, household income, alcohol drinking, and hypertension management status were not significantly associated with the consumption of a low-sodium diet.
This association between the frequency of eating out and a low-sodium diet was found in Korean adults. This observation is in agreement with a previous study of occupational settings [17]. It implies that interventions aimed at reducing the frequency of eating out may be effective in reducing sodium intake. Individual efforts to reduce the frequency of eating out may help to reduce sodium intake. In the meantime, policies concerning the food service industry could effectively reduce sodium intake at the population level.
Individuals in a higher income bracket have been shown to have a significantly higher mean intake for most of the nutrients examined, including total energy and sodium [18]. The current study similarly showed that having a higher household income was associated with a lower probability for a low-sodium diet. However, after adjusting for total energy intake, the relationship between income and a low-sodium diet disappeared.
A low-sodium diet was more frequent in those who lived alone compared with those who lived in a large family (≥4 people). A larger family is more likely to include a senior (elderly) family member. It is known that the elderly prefer a salty taste because the senses of taste decrease with normal aging and disease [19]. Consequently, people living in a large family might tend to consume more sodium.
We expected that people who were under treatment for hypertension and those who had hypertension-related cormobidities would consume less sodium than those who were normotensive. However, unexpectedly, there was no association between hypertension management status and a low-sodium diet in the multivariate analysis. The majority of people consumed more than the recommended amount of sodium, regardless of their blood pressure levels and hypertension-related health problems. One of the possible reasons for this negative result could be that individual efforts to reduce sodium intake has little effect on sodium intake, because almost all Korean food is high in sodium content. Another reason could be that hypertensive patients, with or without comorbidity, are mainly controlled by the use of hypertensive medication, and both patients and physicians make little effort to change their eating habits [20].
The present study also has several limitations. Firstly, because of its cross-sectional design, this study could not establish a temporal relationship between the factors studied and a low-sodium diet. Secondly, there might be measurement error in the sodium intake which was based on a 24-hour dietary recall. A previous study showed that 24-hour dietary recalls yielded estimates of sodium intake that were about 22% less than those obtained from 24-hour urine collection [21]. Therefore, the mean sodium intake would be underestimated using a 24-hour recall estimate, and the number of people with a low-sodium diet would be overestimated when compared to actual sodium intake. If the measurement error was non-differential, the observed associations between the factors analyzed and a low-sodium diet would likely be weaker than the real associations. It is known that a single 24-hour recall does not represent usual intake because of large day-to-day variations [15]. However, this method has been most widely used in national nutritional surveys such as the National Health and Nutrition Examination Survey, United Sates Department of Agriculture Nationwide Food Consumption Surveys, and the Continuing Surveys of Food Intakes by Individuals.
In conclusion, sex, age, number of family members, occupation, total energy intake, and frequency of eating out were shown to be correlated with a low-sodium diet in Korean adults. Strategies concerning the frequency of eating out or policies regulating the food service industry would be effective in reducing overall sodium intake in Koreans.

Footnotes
The authors have no conflicts of interest to declare for this study.
This article is available from: http://e-epih.org/.
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Table 1
Characteristics of study population (n=14,539)

	Variable		Participants	Estimated in population
	Sex	Women	8,855 (60.9)	16,310,414 (54.6)
		Men	5,684 (39.1)	13,545,469 (45.4)
	Age (yr)	≥70	2,252 (15.5)	2,855,980 (9.6)
		60-69	2,492 (17.1)	3,371,828 (11.3)
		50-59	2,484 (17.1)	5,034,910 (16.9)
		40-49	2,842 (19.5)	6,744,018 (22.6)
		20-39	4,469 (30.7)	11,849,146 (39.7)
	Education (yr)	≤6	4,451 (30.9)	6,491,595 (21.9)
		7-9	1,689 (11.7)	3,239,359 (10.9)
		10-12	4,759 (33.0)	11,418,848 (38.6)
		≥13	3,525 (24.4)	8,451,486 (28.6)
	Family member (n)	1	1,124 (7.3)	1,748,552 (5.9)
		2	3,874 (25.1)	5,970,198 (20.1)
		3	3,499 (22.7)	7,282,805 (24.4)
		≥4	6,923 (44.9)	14,774,456 (49.6)
	Household income	≤ 24th percentile	3,120 (22.0)	4,821,325 (16.6)
		25-49th percentile	3,535 (24.9)	7,297,549 (25.1)
		50-74th percentile	3,728 (26.3)	8,278,073 (28.5)
		≥ 75th percentile	3,786 (26.7)	8,636,279 (29.7)
	Occupation	Managers and professionals	1,458 (11.1)	3,636,872 (13.6)
		Clerical support workers	923 (7.0)	2,313,864 (8.6)
		Service and sales workers	1,704 (13.0)	3,933,077 (14.7)
		Skilled agricultural, forestry and fishery workers	1,506 (11.5)	1,714,886 (6.4)
		Craft, plant or machine operators and assemblers	1,225 (9.3)	3,186,674 (11.9)
		Elementary occupations	1,261 (9.6)	2,499,584 (9.3)
		Unemployed (including students and housewives)	5,041 (38.4)	9,500,600 (35.5)
	Total energy intake	≤ 24th percentile	3,663 (25.2)	6,767,043 (22.7)
		25-49th percentile	3,664 (25.2)	7,151,055 (24.0)
		50-74th percentile	3,643 (25.1)	7,554,263 (25.3)
		≥ 75th percentile	3,569 (24.5)	8,383,522 (28.1)
	Alcohol drinking	Nondrinker	2,295 (15.9)	3,688,639 (12.5)
		Drinker	12,139 (84.1)	25,921,613 (87.5)
	Frequency of eating out	<1 / mo	2,423 (16.7)	6,735,104 (22.6)
		1-3 / mo	5,327 (36.7)	11,538,217 (38.7)
		1-6 / wk	3,937 (27.1)	7,182,845 (24.1)
		≥1 / d	2,840 (19.5)	4,382,887 (14.7)
	Hypertension manage-	Hypertension with comorbidity*	458 (3.2)	664,198 (2.3)
	 ment status	Hypertension with treatment	2,259 (15.7)	3,569,276 (12.1)
		Hypertension without treatment	1,638 (11.4)	3,327,677 (11.3)
		Prehypertension	3,451 (24.0)	7,321,253 (24.8)
		Normotension	6,582 (45.7)	14,619,850 (49.6)
	Sodium intake (mg/d)	≤ 2,000	2,016 (13.9)	3,559,822 (11.9)
		>2,000	12,523 (86.1)	26,296,061 (88.1)


Values are presented as number (%).*Comorbidity includes stroke, myocardial infarction, ischemic heart disease, and chronic renal failure.
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Table 2
Mean sodium intake according to factors studied

	Variable	Sodium intake (mg/d)
	Mean (95% confidence interval)
	Sex	
	 Women	4,044 (3,976-4,113)
	 Men	5,718 (5,621-5,815)
	Age (yr)	
	 ≥70	3,587 (3,452-3,722)
	 60-69	4,407 (4,264-4,550)
	 50-59	4,959 (4,807-5,111)
	 40-49	5,266 (5,147-5,385)
	 20-39	4,880 (4,781-4,978)
	Education (yr)	
	 ≤6	4,087 (3,980-4,193)
	 7-9	4,861 (4,693-5,028)
	 10-12	5,014 (4,911-5,117)
	 ≥13	5,060 (4,958-5,162)
	Family member (n)	
	 1	4,306 (4,080-4,533)
	 2	4,652 (4,518-4,787)
	 3	4,805 (4,684-4,927)
	 ≥4	4,920 (4,834-5,007)
	Household income	
	 ≤ 24th percentile	4,153 (4,031-4,275)
	 25-49th percentile	4,736 (4,619-4,854)
	 50-74th percentile	5,055 (4,930-5,179)
	 ≥ 75th percentile	5,022 (4,913-5,132)
	Occupation	
	 Managers and professionals	5,296 (5,124-5,467)
	 Clerical support workers	5,400 (5,204-5,595)
	 Service and sales workers	4,872 (4,707-5,037)
	 Skilled agricultural, forestry and fishery workers	5,010 (4,778-5,241)
	 Craft, plant or machine operators and assemblers	5,821 (5,643-5,998)
	 Elementary occupations	4,801 (4,610-4,993)
	 Unemployed (including students and housewives)	4,213 (4,116-4,310)
	Total energy intake	
	 ≤ 24th percentile	2,814 (2,746-2,882)
	 25-49th percentile	4,006 (3,920-4,092)
	 50-74th percentile	5,114 (5,014-5,214)
	 ≥ 75th percentile	6,810 (6,678-6,941)
	Alcohol drinking	
	 Nondrinker	4,075 (3,925-4,224)
	 Drinker	4,911 (4,843-4,979)
	Frequency of eating out	
	 <1 / mo	3,929 (3,791-4,067)
	 1-3 / mo	4,373 (4,264-4,483)
	 1-6 / wk	4,992 (4,891-5,092)
	 ≥1 / d	5,510 (5,388-5,632)
	Hypertension management status	
	 Hypertension with comorbidity*	3,898 (3,646-4,150)
	 Hypertension with treatment	4,431 (4,272-4,590)
	 Hypertension without treatment	5,042 (4,864-5,219)
	 Prehypertension	5,114 (4,997-5,232)
	 Normotension	4,734 (4,648-4,819)


*Comorbidity includes stroke, myocardial infarction, ischemic heart disease, and chronic renal failure.
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Table 3
Factors associated with a low-sodium diet (≤ 2,000 mg/day)

	Variable		Low-sodium diet n (%)	Unadjusted OR (95% CI)	Adjusted* OR (95% CI)
	Sex	Women	1,647 (18.6)	3.85 (3.34-4.43)	1.55 (1.28-1.89)
		Men	369 (6.5)	1.00	1.00
	Age (yr)	≥70	616 (27.4)	3.39 (2.90-3.97)	1.13 (0.83-1.53)
		60-69	392 (15.7)	1.56 (1.31-1.86)	0.78 (0.59-1.04)
		50-59	314 (12.6)	1.17 (0.98-1.40)	0.88 (0.68-1.15)
		40-49	236 (8.3)	0.75 (0.63-0.90)	0.63 (0.50-0.79)
		20-39	458 (10.2)	1.00	1.00
	Education (yr)	≤6	1,005 (22.6)	2.97 (2.51-3.51)	0.98 (0.71-1.34)
		7-9	220 (13.0)	1.48 (1.19-1.84)	0.96 (0.69-1.32)
		10-12	469 (9.9)	1.16 (0.97-1.38)	0.83 (0.66-1.04)
		≥13	293 (8.3)	1.00	1.00
	Family member (n)	1	307 (27.3)	2.37 (1.94-2.89)	1.31 (1.04-1.66)
		2	610 (15.8)	1.45 (1.26-1.68)	1.14 (0.95-1.38)
		3	450 (12.9)	1.15 (0.98-1.34)	1.19 (0.98-1.44)
		≥4	745 (10.8)	1.00	1.00
	Household income	≤ 24th percentile	689 (22.1)	2.42 (2.03-2.88)	1.13 (0.88-1.45)
		25-49th percentile	481 (13.6)	1.42 (1.20-1.68)	1.07 (0.87-1.32)
		50-74th percentile	408 (10.9)	1.10 (0.93-1.30)	1.04 (0.85-1.28)
		≥ 75th percentile	369 (9.7)	1.00	1.00
	Occupation	Managers and professionals	112 (7.7)	0.35 (0.28-0.45)	0.84 (0.62-1.13)
		Clerical support workers	50 (5.4)	0.26 (0.18-0.3б)	0.57 (0.39-0.83)
		Service and sales workers	189 (11.1)	0.54 (0.44-0.66)	0.92 (0.73-1.17)
		Skilled agricultural, forestry and fishery workers	221 (14.7)	0.70 (0.57-0.86)	0.94 (0.74-1.21)
		Craft, plant or machine operators and assemblers	65 (5.3)	0.21 (0.16-0.28)	0.77 (0.54-1.00)
		Elementary occupations	163 (12.9)	0.61 (0.49-0.77)	0.85 (0.66-1.12)
		Unemployed (including students and housewives)	943 (18.7)	1.00	1.00
	Total energy intake	≤ 24th percentile	1,334 (36.4)	44.53 (31.93-62.09)	25.82 (18.08-36.89)
		25-49th percentile	461 (12.6)	10.75 (7.65-15.10)	719 (5.01-10.31)
		50-74th percentile	165 (4.5)	3.43 (2.39-4.91)	2.58 (1.75-3.80)
		≥ 75th percentile	56 (1.6)	1.00	1.00
	Alcohol drinking	Nondrinker	522 (22.8)	2.16 (1.89-2.47)	1.09 (0.92-1.28)
		Drinker	1,464 (12.1)	1.00	1.00
	Frequency of eating	< 1 / mo	723 (29.8)	5.15 (4.14-6.42)	2.01 (1.51-2.67)
	 out	1-3 / mo	606 (11.4)	2.96 (2.39-3.67)	1.51 (1.16-1.97)
		1-6 / wk	540 (13.7)	1.70 (1.36-2.13)	1.27 (0.98-1.64)
		≥1 / d	145 (5.1)	1.00	1.00
	Hypertension	Hypertension with comorbidity†
	102 (22.3)	2.32 (1.77-3.04)	1.17 (0.78-1.75)
	 management status	Hypertension with treatment	432 (19.1)	1.67 (1.44-1.94)	1.05 (0.85-1.29)
		Hypertension without treatment	246 (15.0)	1.09 (0.91-1.30)	1.18 (0.95-1.48)
		Prehypertension	435 (12.6)	0.96 (0.83-1.10)	1.13 (0.94-1.35)
		Normotension	769 (11.7)	1.00	1.00


OR, odds ratio; CI, confidence intervalStatistically significant estimates (p<0.05) appear in bold.*Adjusted for sex, age, education, number of family members, household income, occupation, total energy intake, alcohol drinking, frequency of eating out, and hypertension management status; †Comorbidity includes stroke, myocardial infarction, ischemic heart disease and chronic renal failure.
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