Nutr Res Pract. 2023 Jun;17(3):516-528
https://doi.org/10.4162/nrp.2023.17.3.516
pISSN 1976-1457-eISSN 2005-6168

Nutrition
[ ] Research and
Practice

Original Research

’ '.) Check for updates ‘

G OPEN ACCESS

Sodium intake trend and current
intake level by meal provision place
among the citizens of Seoul

Ye-Ji Han (», Eun-Hee Jang (», and Seungmin Lee © §

Department of Food and Nutrition, Sungshin Women’s University, Seoul 01133, Korea

Received: Oct 20, 2022
Revised: Dec 6, 2022
Accepted: Dec 30, 2022
Published online: Jan 5, 2023

SCorresponding Author:

Seungmin Lee

Department of Food and Nutrition, Sungshin
Women'’s University, 55 Dobong-ro 76ga-gil,
Gangbuk-gu, Seoul 01133, Korea.

Tel. +82-2-920-7671

Fax. +82-2-920-2076

Email. smlee@sungshin.ac.kr

©2023 The Korean Nutrition Society and the
Korean Society of Community Nutrition

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Ye-JiHan
https://orcid.org/0000-0002-0377-3266
Eun-Hee Jang
https://orcid.org/0000-0002-3310-3036
Seungmin Lee
https://orcid.org/0000-0003-3046-8010

Funding
This work was supported by Seoul
Metropolitan Government.

Conflict of Interest
The authors declare no potential conflicts of
interests.

https://e-nrp.org

ABSTRACT

BACKGROUND/OBJECTIVES: The diversity of meal provision places has increased in recent
years and sodium intake can vary depending on where meals are eaten, particularly in large
cities. In this study, an analysis of the recent trends in sodium intake was performed and a
comparison of sodium intake level according to meal provision place among citizens of Seoul
was performed.

SUBJECTS/METHODS: Data from a 24-h recall dietary intake survey from the 2010-2019
Korea National Health and Nutrition Examination Survey (KNHANES) were used in

order to determine the trends in sodium intake among citizens of Seoul, aged 3-74 years

old. (n =11,811). The trend of daily sodium intake was presented in absolute amount and
proportion compared to the chronic disease risk reduction intake (CDRR) for each selected
characteristic. A comparison of sodium intake level according to meal provision place by

sex and age groups as a total amount per meal (mg), density per meal (mg/1,000 kcal), and
proportion of the daily sodium intake was performed using the 20162019 KNHANES.
RESULTS: Sodium intake levels showed a downward trend from 2010-2019. The highest level
of sodium intake was observed for subjects aged 3049, and the level for males aged 3049 was
202.8% higher than the CDRR. Results of the analysis of sodium intake per meal according to
meal provision place showed that the highest sodium intake was in the order of restaurant meal
(RM) > institutional foodservice (IF) > home meal (HM) > convenience food (CF). A higher
sodium density (mg/1,000 kcal) was observed for IF compared with RM in most adults. Adults
aged over 50 years old consumed more than half of the daily sodium in HM.

CONCLUSION: Significant variation in the level of sodium intake was observed according

to sex and age groups, therefore, different approaches and nutrition policies based on meal
provision place are needed.

Keywords: Sodium; meal; Korea; Seoul

INTRODUCTION

Excessive sodium intake is associated with an increase of negative effects on health
outcomes. Findings from a number of observational and intervention studies have
confirmed the relationship between sodium intake and the risk of high blood pressure and
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cardiovascular disease [1-4]. A study using data from the Korea National Health and Nutrition
Examination Survey (KNHANES) reported that a decrease of average sodium intake over time
led to a decrease in the population of patients with stroke and ischemic heart disease (IHD)
[5]. A strong association of sodium intake with mortality [4,5]. A study conducted over 20
years reported a direct linear association between high sodium intake and total mortality [4].
Daily consumption of an additional 1,000 mg of sodium resulted in a significant increase of
mortality by 12% (95% confidence interval [CI], 1.00-1.26; P < 0.05).

Compared with the “Goal intake” of 2,000 mg/day established by the World Health
Organization (WHO) guidelines, sodium intake in South Korea has been steadily higher [6].
In response, a policy for reduction of sodium intake was proposed in the 3rd Comprehensive
National Health Promotion Plan (Health Plan 2020, HP2020) in Korea [7]. Several policies
were established at the local and national levels in an effort to increase the proportion of the
population who consume less than 2,000 mg of sodium per day to 15%. Seoul, the capital
of Korea, which has the highest population density [8], established the ‘Seoul City Sodium
Intake Reduction Comprehensive Measures 2020’ [9]. A study evaluating the reduction of
sodium intake in Korea concluded that because the declines occurred with the introduction
of the policies, multi-component interventions had an effect in reducing sodium intake,
although it was not possible to determine causal associations between the sodium reduction
program and reduced sodium intake [10]. However, sodium consumption by most Koreans,
with the exception of those aged 1-5 years old, was still higher than the goal of 2,000 mg [11].

Several studies have reported variation in the nutritional content of meals depending on the
place where the meal is provided [12-17]. Korean workers consume meals with lower quality
when eating out than when consuming institutional meals [14,18]. According to the findings
of a study analyzing eating out behavior in Korean adults, the ratio of eating out to total food
expenditures showed a significant increase from 1990-2016 [16]. Meal delivery and take-out
services are used by approximately 74.1% of households and spending was higher in large
cities compared to rural areas [19]. Use of ready-to-cook foods and meal-Kkits is greater in
large cities than in other regions. However, few studies comparing sodium intake according
to meal provision place have been reported.

Therefore, the effort to promote the reduction of sodium intake level requires detailed
consideration that includes not only sex and age but also meal provision place. The purposes
of this study were as follows: 1) to analyze the trend of sodium intake among citizens of Seoul
from 2010-2019; and 2) to compare the sodium intake level by sex and age groups according
to meal provision place.

SUBJECTS AND METHODS

Subjects

Data from the KNHANES between 2010 and 2019 were analyzed. KNHANES, a large-scale,
nationwide, representative cross-sectional survey, has provided information regarding
the health and nutrition status of Koreans by the Korea Centers for Disease Control and
Prevention since 1998.

An analysis of 24-h dietary recall data from citizens of Seoul aged 3-74 years old in 2010-2019
KNHANES was conducted in this study, which included 11,969 subjects. Of these, 158
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individuals were excluded from the analysis who have extreme daily calorie intakes (below
500 keal and over 5,000 keal). This study included two categories for analysis of sodium
intake: trends and sodium intake levels according to meal provision place. Therefore, a
total 0f 11,811 subjects (5,000 males and 6,811 females) were included in the analysis of
the trend in sodium intake using data from years 2010-2019. Data from years 20162019,
which includes 4,889 subjects was used in the analysis of sodium intake levels according to
meal provision place (Fig. 1). This study was approved by the Institutional Review Board of
Sungshin Women’s University (SSWUIRB-2020-027).

Sodium intake trend and current intake by meal provision place

Trend in sodium intake

The time period was categorized according to 4 periods (4th [2010-2012], 5th [2013-2015],
6th [2016-2018], and 2019 KNHANES). Evaluation of amount of sodium intake was based
on 2 units, the absolute amount of daily sodium intake and the proportion compared to the
chronic disease risk reduction intake (CDRR). The CDRR was established for the first time
in the 2020 Korean Dietary Reference Intakes (KDRIs) [20], in an effort to reduce the risk of
chronic diseases in a healthy population. The sodium on CDRR by age group (3-5, 6-8, 9-11,
12-14, 1518, 19-29, 30-49, 50-64, 65-74 years old) is as follows: 1,600, 1,900, 2,300, 2,300,
2,300, 2,300, 2,300, 2,300, and 2,100 mg [21]. Calculation of the proportion of sodium
intake to the CDRR was performed by dividing daily sodium intake by the CDRR of each sex
and age group and multiplying by 100.

Sodium intake according to meal provision place

An analysis of sodium intake per meal and the proportion of daily sodium intake according to
meal provision place was performed for comparison of the sodium intake level according to
meal provision place. Evaluation of sodium intake level per meal according to meal provision
place was based on 2 units, sodium intake level in the absolute amount and the sodium intake
density (mg/1,000 kcal). Calculation of the density was performed by dividing sodium intake
by total energy intake and multiplying by 1,000.

In this study, meal provision place is defined as a place where food is served, not a place where
food is consumed [22]. Meal provision place was classified according to 4 categories: home
meal (HM), restaurant meal (RM), institutional foodservice (IF), and convenience food (CF).
Food prepared at home, packed lunches prepared at home, and food made at a neighbor’s or

2010-2019 KNHANES
Among citizens of Seoul, aged 3-74 years old
(n =11,969)

Excluding those with energy intake
below 500 kcal or over 5,000 kcal
(n=158)

n = 11,811 (male 5,000, female 6,811)

!

Sodium intake trend Sodium intake
by meal provision place
Using 2010-2019 KNHANES (n = 11,811) Using 2016-2019 KNHANES (n = 4,889)

Fig. 1. Selection of subjects.
KNHANES, Korea National Health and Nutrition Examination Survey.
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relative’s house are classified as HM. Restaurant meal includes Korean, Western, Japanese,
Chinese, and fast food that has been bought in commercial food service. Institutional meal
includes categories of industry, school, senior-citizen center, free, religious community,
and others. CF includes all foods that can be consumed with minimal cooking or close to
individual products, such as instant noodles, snack bars, oranges, and others.

Data analysis

A statistical analysis was performed considering the complex sampling method of the
KNHANES. All variables are presented as a mean * SE. An analysis of trends of sodium intake
level was performed by dividing the subjects according to selected characteristics in the sex,
household income level, and family type, age group, and sex-age group. A comparison of
sodium intake according to characteristics was performed using the SURVEYREG procedure
and a post hoc test was performed using a Scheffé test. Evaluation of the P for trend in the
four periods (4th [2010-2012], 5th [2013-2015], 6th [2016-2018], and 2019 KNHANES)
according to the SURVEYLOGISTIC procedure was performed using the median value of

the category as a continuous variable. The level of sodium intake according to the meal
provision place was determined for each sex and age group, and a comparison according

to meal provision place was performed using the SURVEYREG procedure. A comparison of
the proportion of daily sodium intake in each meal provision place according to sex and age
group was performed using the SURVEYREG procedure. A post hoc test was then performed
using a Scheffé test. All hypotheses were tested at a significance level of 0.05. Statistical
Analysis System version 9.4 software (SAS Institute, Cary, NC, USA) was used in performance
of all statistical analyses.

RESULTS

Trends in sodium intake

Trends in sodium intake according to sex, household income, family type, age group, and
sex-age group are shown in Tables 1and 2. Although sodium intake showed downward trends
across the four periods (years 2010-2012, 2013-2015, 2016-2018, and 2019) in every category
of subjects’ characteristics (P for trend < 0.001), it was still higher than the CDRR in 2019.
The overall proportion of sodium intake to CDRR was 212.7% between 2010-2012 and it
showed a constant decrease to 153.2% in 2019 (P for trend < 0.001). Sodium consumption
was 65.4% higher for males than females in 20102012, still showing higher sodium intake
levels than females, although the gap between sexes showed a recent decrease. In an analysis
according to level of household income, sodium consumption was greater in groups with
medium-high or higher income compared with lower income groups. No difference of
sodium intake level was observed according to family type.

Compared with the CDRR, a higher level of sodium intake was observed for most age groups,
except for subjects aged 3-5 and girls aged 3-5 in 2019. The highest level of sodium intake was
observed for males aged 30-49 compared to other sex and age groups in 2019, which is 202.8%
higher than the CDRR. The highest level of sodium intake was consistently observed in the
30-49 years age group in every period compared to other age groups, although no statistical
difference was observed among subjects aged 19-29, 30-49, and 50-64 in 2010-2012. An
analysis of sodium intake levels compared to CDRR showed no difference between the age
groups of 30—49 and 50-64 years. Female adults showed no statistical difference in sodium
intake according to age group, showing daily sodium intake of 3,103.0 mg or lower in 2019.

https://doi.org/10.4162/nrp.2023.17.3.516 519



r ‘ r p Nutrition
[ ] Research and
. . . .. Practice
Sodium intake trend and current intake by meal provision place
Table 1. Trends in sodium intake level according to selected characteristics among subjects
Variable 4th (2010-2012) 5th (2013-2015) 6th (2016-2018) 7th (2019) P for trend®
(n=2,683) (n = 4,550) (n = 3,448) (n=1,130)
Overall (n=11,811) 4,896.0 = 76.9 4,077.2 £ 55.1 3,302.3 + 46.1 3,469.5 + 70.6 <0.001™"
Sex (n =11,811)
Male (n = 5,000) 5,535.3 + 109.3 4,676.6 + 80.8 3,803.8 + 62.1 4,115.1+121.2 <0.001""
Female (n=6,811) 4,035.1+ 78.5 3,515.4+ 59.3 2,832.3 + 44.4 2,864.9 + 74.0 <0.001""
P-value? <0.001™" <0.001™" <0.001"" <0.001""
Household income (n = 11,707)
Low (n=1,250) 4,574.7 = 166.5 3,670.2+138.8° 3,045.4+1192.4° 3,483.9 % 237.7 <0.001™"
Medium-low (n=2,772) 4,656.2 +141.3 3,779.1+ 88.8° 3,092.0 + 83.9° 3,448.6 + 118.6 <0.001""
Medium-high (n=3,329) 5,072.1+ 146.3 4,335.1+111.0° 3,457.2 + 89.6° 3,436.4 + 160.5 <0.001™"
High (n = 4,356) 4,835.4+135.3 4,163.5 + 96.9° 3,377.6 + 74.4° 3,502.4 + 98.8 <0.001™"
P-value 0.083 <0.001™" 0.005™ 0.980
Family type (n = 11,806)
Single (n=791) 5,698.4 + 608.0 4,110.2 + 152.0 3,302.8+ 131.6 3,576.9 + 176.6 <0.001""
Multi-person households (n=11,015) 4,790.1 + 75.5 4,074.7 + 58.4 3,302.3+ 49.9 3,461.3 + 75.2 <0.001"""
P-value 0.141 0.829 0.997 0.551
Age group (yrs)
Total (n=11,811)
3-5 (n = 488) 2,062.7 + 95.2 1,960.2 + 85.12 1,680.9 + 82.1% 1,509.1 % 833.0° <0.001™"
6-11 (n =989) 3,282.6 + 111.0 2,876.5 + 92.6° 9,532.5 + 104.6" 9,572.1+117.1° <0.001™"
12-18 (n=921) 4,168.6 + 157.5¢ 3,851.3+ 151.3% 3,169.3 = 104.1% 3,303.6 + 218.1° <0.001™""
19-29 (n=1,333) 4,730.0 = 194.9° 4,106.8 + 134.5¢ 3,314.4+111.8° 3,321.8 + 162.3° <0.001™"
30-49 (n =3,760) 5,450.9 + 126.3% 4,598.9 + 92.8° 3,712.3+ 75.7¢ 3,877.8+138.3¢ <0.001™"
50-64 (n=2,761) 5,139.8 + 151.9¢ 3,986.3 + 107.9% 3,225.4 + 72.3¢ 3,380.1+145.3¢ <0.001"""
65-74 (n=1,559) 4,021.2 £ 193.1° 3,645.4 + 138.9° 2,904.9 + 89.1° 3,378.1+172.7° <0.001™"
P-value <0.001™" <0.001™" <0.001™" <0.001""
Male (n = 5,000)
3-5 (n = 260) 2,100.5 + 116.2° 1,860.4 + 114.4° 1,661.0 + 95.92 1,664.2+ 159.7% <0.001™"
6-11 (n =504) 3,388.5+ 167.2° 3,107.2+ 125.1° 2,569.0+ 119.3° 2,751.3+ 179.7° <0.001™""
12-18 (n=470) 4,389.6 + 188.8 4,346.6 + 995.3° 3,635.6 + 170.2° 3,946.5 + 344.3%%  <0.001™"
19-29 (n =541) 5,424.1 + 301.5% 4,968.2 + 245.1% 3,679.4 + 150.3° 3,854.1 + 301.3% <0.001™"
30-49 (n=1,506) 6,309.3 + 187.4 5,212.3+ 129.6° 4,324.2 + 106.0¢ 4,663.6 + 232.8% <0.001™"
50-64 (n=1,035) 6,135.7 + 260.6* 4,570.2 + 147.9° 3,759.8 + 112.8° 3,980.5 + 193.4 <0.001™"
65-74 (n = 684) 4,847.2 £ 2924.3¢ 4,157.0 + 917.7° 3,4492.5 + 144.4° 4,179.5 + 218.3% <0.001™"
P-value <0.001"" <0.001™" <0.001™" <0.001™"
Female (n = 6,811)
3-5 (n=228) 2,016.0 + 168.3° 9,069.6 + 126.9° 1,700.9 + 106.9° 1,312.4 + 143.0° <0.001™
6-11 (n = 485) 3,172.1+143.1° 2,640.3 + 123.5° 2,500.7 + 135.4° 2,413.9 = 145.0° <0.001™"
12-18 (n=451) 3,822.7 + 196.9 3,344.0+ 161.1° 9,747.1+ 131.1% 2,687.6 % 179.3° <0.001™"
19-29 (n=792) 3,915.1+ 168.9 3,352.4 + 109.9° 2,994.4 + 199.3% 92,823.3 + 138.0« <0.001™"
30-49 (n=2,254) 4,448.4 + 135.6° 3,936.7 + 102.3¢ 3,070.7 + 77.5° 3,103.0+ 126.8¢ <0.001"""
50-64 (n=1,726) 4,995.2 +173.4° 3,556.4 + 152.9° 2,807.5+ 71.7¢ 2,837.7 + 180.1% < 0.001""
65-74 (n=875) 3,336.5 + 228.9° 3,206.6 + 138.2° 9,492.8 + 107.92° 2,747.9+ 219.2°¢ < 0.001""
P-value <0.001""" <0.001""" <0.001™" <0.001"""

wrk
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Sodium intake per meal according to meal provision place
Results of the analysis of sodium intake per meal according to meal provision place showed
sodium intake level in the order of RM > IF > HM > CF (P < 0.001; Table 3). However, the
results of a post hoc test showed no statistical difference between RM and IF in most sex

Data are presented as mean = SE (mg). All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using
the SURVEY procedures in the SAS software.
KNHANES, Korea National Health and Nutrition Examination Survey.
“pifferent superscripts indicate significant difference across the selected characteristics in each period (years 2010-2012, 2013-2015, 2016-2018, and 2019)
means by Scheffé test (P < 0.05).

p for trends of sodium intake (mg) across years 2010-2019 were calculated using the SURVEYREG procedure.
2p-values of differences in sodium intake (mg) according to the selected characteristics were calculated using the SURVEYREG procedure.
*P<0.05, P <0.01,

and age groups. Difference between RM and IF was observed only in females 6-11 years old,
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Table 2. Trends in proportion of sodium intake to CDRR" according to selected characteristics among subjects

Variable 4th (2010-2012) 5th (2013-2015) 6th (2016-2018) 7th (2019) P for trend?
(n=2,683) (n = 4,550) (n =3,448) (n=1,130)
Overall (n=11,811) 2192.7+ 3.3 180.2+ 2.4 146.1+ 2.0 153.2+ 3.2 <0.001™"
Sex (n =11,811)
Male (n = 5,000) 243.6 + 4.7 206.5 = 3.5 168.1+ 2.7 181.6+ 5.4 <0.001"""
Female (n=6,811) 178.2+ 3.4 155.5+ 2.6 1925.6+ 2.0 126.6+ 3.3 <0.001™"
P-value? <0.001™" <0.001™" <0.001™" <0.001™"
Household income (n = 11,707)
Low (n=1,250) 204.0+ 7.4 164.3 + 6.1° 136.0+ 4.9 156.3 + 10.5 <0.001™"
Medium-low (n=2,772) 205.2 £ 6.1 167.8 = 3.9° 137.4+3.6° 152.8+5.3 <0.001""
Medium-high (n = 3,329) 223.2+6.3 191.2 + 4.8° 153.0 + 4.0° 152.4+ 7.1 <0.001™"
High (n = 4,356) 212.5+5.8 183.2+ 4.2° 148.8 + 3.2° 153.6 + 4.3 <0.001™"
P-value 0.110 <0.001"" 0.008" 0.990
Family type (n = 11,806)
Single (n=791) 249.5 + 26.3 180.5+ 6.5 144.9+ 5.7 157.6+ 7.5 <0.001""
Multi-person households (n=11,015) 211.2+3.3 180.1+ 2.5 146.3+ 2.2 152.9+ 3.4 <0.001"""
P-value 0.151 0.952 0.826 0.576
Age group (yrs)
Total (n=11,811)
3-5 (n = 488) 128.9+ 5.9 1292.5+5.3? 105.1+ 5.1° 94.3 + 5.9 <0.001™"
6-11 (n=989) 155.0+5.1° 136.2  4.3° 119.5+ 4.9° 120.2 + 5.7° <0.001""
12-18 (n=921) 181.2 £ 6.8° 167.4 £ 6.6° 137.8 £ 4.5¢ 143.6 £ 9.5¢ <0.001""
19-29 (n=1,333) 205.7 + 8.5¢ 178.6+ 5.8° 144.1+ 4.9° 144.4+7.1° <0.001™"
30-49 (n=3,760) 237.0 £ 5.5° 200.0 = 4.0¢ 161.4 = 3.3¢ 168.6 = 6.0¢ <0.001""
50-64 (n=2,761) 293.5 + 6.6% 173.3+4.7° 140.2 £ 3.1° 147.0+ 6.3¢ <0.001""
65-74 (n=1,559) 191.5 + 9.9« 173.6+ 6.6° 138.3+4.92° 160.9 + 8.2 <0.001™"
P-value <0.001™" <0.001™" <0.001™" <0.001™"
Male (n = 5,000)
3-5 (n = 260) 131.3+7.32 116.3+7.9? 103.8 + 6.0° 104.0+ 10.0* <0.001™"
6-11 (n = 504) 160.1 = 8.0° 148.1+6.1° 122.2 + 5.5° 127.8+7.7° <0.001""
12-18 (n=470) 190.9 + 8.2° 189.0 + 9.8° 158.1 + 7.4° 171.6  15.0%% <0.001™"
19-29 (n=541) 235.8+13.1¢ 216.0+ 10.7% 160.0 = 6.5° 167.6+ 13.1 <0.001™"
30-49 (n=1,506) 274.3 £8.1° 296.6 + 5.6¢ 188.0 = 4.6¢ 202.8 + 10.1% <0.001""
50-64 (n=1,035) 266.8 + 11.3% 198.7 + 6.4° 163.5 + 4.9° 173.1+ 8.4° <0.001™"
65-74 (n =684) 230.8 + 10.7¢ 198.0 = 10.4° 163.9+6.9° 199.0 + 10.4¢ <0.001™"
P-value <0.001™" <0.001"" <0.001"" <0.001"™"
Female (n = 6,811)
3-5 (n=228) 126.0+ 10.5% 129.4+ 7.9% 106.3 + 6.6° 82.0+ 8.9 <0.001™"
6-11 (n =485) 149.6 + 6.4° 124.1+5.4° 117.1+6.2% 113.4+7.7° <0.001™"
12-18 (n=451) 166.2 + 8.6 145.4 7.0 119.4+ 5.7% 116.9+ 7.8° <0.001™"
19-29 (n=792) 170.2 + 7.3 145.8 + 4.8 127.1+5.3% 122.8 = 6.0 <0.001""
30-49 (n=2,254) 193.4+5.9° 171.2  4.4¢ 133.5+3.4° 134.9+5.5¢ <0.001""
50-64 (n=1,726) 183.7 + 7.5 154.6  6.6° 122.1+3.1° 193.4+7.8° <0.001™"
65-74 (n=875) 158.9 + 10.9% 152.7 + 6.6° 118.7 £ 5.1% 130.9+ 10.4° <0.001""
P-value <0.001™" <0.001™" <0.001""" 0.001™"

Data are presented as mean = SE (%). All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using
the SURVEY procedures in the SAS software.

KNHANES, Korea National Health and Nutrition Examination Survey; CDRR, chronic disease risk reduction intake.

=pifferent superscripts indicate significant difference across selected characteristics in each period (years 2010-2012, 2013-2015, 2016-2018, and 2019) means

by Scheffé test (P < 0.05).

The proportion of sodium intake to the CDRR was calculated by dividing daily sodium intake by the CDRR of each sex and age group and multiplying by 100.
CDRR refers to 2020 Dietary Reference Intakes for Koreans.

2p for trends of the proportion of sodium intake to the CDRR (%) across years 2010-2019 were calculated using the SURVEYREG procedure.

Ip-values of differences in the proportion of sodium intake to the CDRR (%) according to the selected characteristics were calculated using the SURVEYREG procedure.

wrk

“P<0.05, ""P<0.01, ""P<0.001.

https://e-nrp.org

with the highest intake of sodium in RM (P < 0.001). No statistical difference in the level of
sodium intake was observed among RM, IF, and HM in females aged 19-29. The lowest level
of sodium intake was observed for CF in every sex and age group.
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Table 3. Sodium intake per meal according to meal provision place” among subjects

Variable HM RM IF CF P-value?
Overall 1,020.6 + 19.1° 1,610.6 = 26.2¢ 1,312.6 + 32.9¢ 431.9+192.5° <0.001""
Age group (yrs)
Total
3-5 388.6+ 18.4° 649.7 = 61.6° 584.3 + 24.4° 973.3 £ 25.9* <0.001"""
6-11 661.5 + 31.2° 1,075.3 + 121.4° 898.0 + 37.4° 459.4 + 96.6° <0.001™"
12-18 878.5+ 39.1° 1,452.9 + 83.9° 1,3292.0 + 53.5¢ 607.0 + 40.9° <0.001"""
19-29 1,110.3 + 55.6° 1,487.6 = 45.4° 1,455.6 + 108.9° 593.4 + 40.1° <0.001"""
30-49 1,173.7 + 41.3° 1,787.8 = 47.0° 1,762.6 + 80.9° 446.2 + 18.7% <0.001™"
50-64 1,023.8 + 26.5° 1,593.2 + 44.3° 1,415.0 + 88.7¢ 320.2 +18.7° <0.001"""
65-74 956.1 + 30.8° 1,486.4 = 70.7° 1,581.4+175.3° 961.7 + 19.92 <0.001"""
Male
3-5 383.3+95.7° 666.7 = 77.4° 574.9 + 36.9" 298.7 + 39.1% <0.001""
6-11 682.2 + 41.5° 980.6 + 123.3¢ 859.5 + 56.8° 488.4 + 33.4° <0.001"""
12-18 1,039.6 + 63.9° 1,517.2 + 107.1° 1,408.3 + 77.3¢ 661.0 + 64.6° <0.001™"
19-29 1,215.3 + 83.5° 1,661.2 = 70.5° 1,619.4 = 145.3¢ 728.0 = 73.4° <0.001"""
30-49 1,404.8 + 68.0° 1,989.3 + 65.4° 1,953.8 + 106.8° 536.8 + 99.6° <0.001™"
50-64 1,185.9 + 49.9° 1,713.0 + 59.8° 1,507.0 + 104.0° 375.3 + 33.8° <0.001"
65-74 1,124.4 + 47.92b 1,623.6 = 96.2° 1,803.8 = 256.3° 313.8 = 34.0° <0.001""
Female
3-5 394.3 + 30.3" 633.6 = 89.2° 595.7 + 39.6° 950.1 + 35.92 <0.001""
6-11 638.4 + 40.1° 1,170.4 + 165.2¢ 799.4 + 44.8° 490.7 + 36.9° <0.001"""
12-18 715.6 + 49.5° 1,375.8 + 114.1° 1,210.2 + 102.0° 558.4+ 57.9° <0.001™"
19-29 994.6 + 61.0° 1,320.0 + 64.7° 1,206.4 + 143.1° 478.4 + 37.9° <0.001""
30-49 1,008.4 + 33.1° 1,501.9 = 54.4° 1,454.3 + 88.5¢ 362.3 + 18.5° <0.001"""
50-64 898.3 + 96.4° 1,411.2 = 60.4° 1,280.8 + 126.9° 271.9+15.32 <0.001™"
65-74 818.9 + 38.0° 1,989.7 + 84.6° 1,276.0 = 149.5¢ 216.1+17.2% <0.001"""

Data are presented as mean = SE (mg). All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using
the SURVEY procedures in the SAS software.

KNHANES, Korea National Health and Nutrition Examination Survey; HM, home meal; RM, restaurant meal; IF, institutional foodservice; CF, convenience food.
*dpifferent superscripts indicate significant difference across meal provision place in sex and age group (aged 3-5, 6-11, 12-18, 30-49, 50-64, 65-74) means by
Scheffé test (P < 0.05).

YMeal provision place is divided into 4 categories; HM, RM, IF, and CF.

2p-values of differences in sodium intake (mg) according to the meal provision place in sex and age group were calculated using the SURVEYREG procedure.

e

*P<0.05, P <0.01, ""P < 0.001.

An analysis of sodium density (mg/1,000 kcal) per meal according to meal provision place among
subjects was also performed (Table 4). In contrast to the previous results shown in Table 3, the
highest sodium density was observed in IF showing 2,169.5 mg/1,000 kcal (P < 0.001) in most
categories. However, the results of a post hoc test showed no statistical difference between IF
and RM in age groups of 18 or younger. As shown in Table 4, the most notable point was the
sodium intake in HM. Following the highest sodium intake of IF, the results of a post hoc test
showed that sodium intake in HM did not differ significantly from that of RM among adults aged
19-29 and 65-74, and males aged 19 or older. In addition, no significant difference in sodium
intake density was observed among HM, RM, and IF in females aged 19-29.

Proportion of daily sodium intake according to meal provision place

Table 5 shows the contribution of sodium intake at each meal provision place to the total
daily sodium intake level. In this study, 41.6% of daily sodium was consumed in HM, 35.5%
in RM, 15.4% in CF, and 7.5% in IF. More than half of the daily sodium in HM was consumed
by adults aged over 50. The contribution of HM to sodium intake was 64.1% in males aged
65-74 and 71.4% in females aged 65-74 (P < 0.001). By contrast, the least amount of sodium
from HM was consumed by adults aged 19-29 compared to other age groups, with daily
sodium consumption of 28.1% in HM. The contribution of HM to daily sodium intake
showed no statistical difference among males aged 12-18, 1929, and 30-49. No statistical
difference in HM was observed among females aged 12-18 and 19-29.
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Table 4. Sodium density (mg/1,000 kcal) per meal according to meal provision place” among subjects
Variable HM RM IF CF P-value?
Overall 1,911.6 + 23.0° 2,046.3 = 31.5° 2,169.5 + 44.6° 862.7 = 16.6° <0.001""
Age group (yrs)
Total
3-5 1,260.7 = 71.4° 1,822.1 + 139.1°¢ 1,629.9 + 58.7¢ 755.6 = 73.7° <0.001""
6-11 1,494.9+ 57.7° 1,750.3 = 97.0° 1,703.9 + 64.4° 968.4 = 52.4° <0.001™"
12-18 1,523.6 + 49.4° 1,739.0 + 70.3¢ 1,835.9+ 57.3¢ 1,137.9 + 68.9° <0.001™"
19-29 1,785.7 + 72.5° 1,759.7 + 45.6° 9,984.6 + 129.9° 1,066.4 = 42.7° <0.001""
30-49 2,006.1 + 40.4° 2,195.4 + 61.3° 9,539.3 + 95.6¢ 886.6 + 26.5° <0.001™"
50-64 2,002.4 + 38.5° 9,169.4 + 48.4° 9,576.3 = 136.0¢ 693.7 + 28.9° <0.001™"
65-74 9,067.6 + 55.6° 9,135.8 + 87.9" 9,7892.8 + 196.1° 595.7 + 40.1° <0.001""
Male
3-5 1,185.4+ 73.1° 1,677.4 = 144.9° 1,570.9 + 70.9° 705.2 + 61.4° <0.001™"
6-11 1,449.5+72.8° 1,566.8 = 101.1* 1,695.6 + 88.5° 1,067.0 = 86.97 <0.001™"
12-18 1,517.6 + 76.3" 1,738.8 + 98.5 1,832.9 + 94.3¢ 1,180.2 + 109.7% <0.001""
19-29 1,716.1 + 88.6" 1,786.4 = 70.2° 2,323.0+ 130.9° 1,132.1+ 67.5° <0.001"""
30-49 1,996.4 + 61.3° 9,153.5 + 75.7° 9,490.3 + 128.8° 945.8 + 39.6° <0.001™"
50-64 2,009.3 + 59.1° 2,091.3 + 151.4° 9,463.9 + 151.4° 718.5 + 52.0° <0.001""
65-74 2,150.2 + 91.1° 9,1292.6 + 118.4° 9,845.7 + 946.8° 616.5 + 59.8° <0.001"""
Female
3-5 1,343.2+120.3" 1,959.3 + 298.8° 1,700.3 + 86.8° 801.6 + 122.1% <0.001™"
6-11 1,553.4+ 90.2" 1,934.5 = 190.8° 1,711.5+ 70.3° 881.5 + 50.6° <0.001"""
12-18 1,529.7 + 87.0° 1,739.3 + 111.5 1,839.7 + 101.5° 1,099.5 + 74.3% <0.001™"
19-29 1,862.4 + 99.6" 1,734.0 = 58.5° 2,9926.3 + 967.3° 1,010.3 + 56.7° <0.001™"
30-49 2,013.0 = 44.3" 9,954.8 = 80.0° 9,618.2 + 119.5¢ 831.7 + 33.3? <0.001""
50-64 1,997.1 + 46.5° 2,988.2 + 94.6° 92,740.3 = 230.4° 671.9 = 33.0° <0.001™"
65-74 2,000.3 + 66.5" 9,154.8 + 104.1° 2,696.3 + 280.4° 577.5+ 492.1° <0.001™"

Data are presented as mean = SE (mg/1,000 kcal). All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling

weights using the SURVEY procedures in the SAS software.

KNHANES, Korea National Health and Nutrition Examination Survey; HM, home meal; RM, restaurant meal; IF, institutional foodservice; CF, convenience food.
*dpifferent superscripts indicate significant difference across meal provision place in sex and age group (aged 3-5, 6-11, 12-18, 30-49, 50-64, 65-74) means by

Scheffé test (P < 0.05).

"The density was calculated by dividing sodium intake by total energy intake and multiplying by 1,000. Meal provision place is divided into 4 categories; HM, RM,

IF, and CF.

2p-values of differences in the sodium density (mg/1,000 kcal) according to the meal provision place in sex and age group were calculated using the SURVEYREG

procedure.

*P<0.05, ""P<0.01, ""P < 0.001.

https://e-nrp.org

The highest daily sodium consumption in RM was observed in adults aged 19-29, while
adults aged 65-74 showed the lowest sodium intake. The contribution of RM to daily
sodium intake was more than 40% in males aged 19-29 and 30-49 and females aged 19-29
(P<0.001). A decrease in the proportion of daily sodium intake in CF was observed with

increasing age in adults (P < 0.001). Only 9.6% of daily sodium in CF was consumed by adults
aged 6574, which was the lowest proportion compared to other age groups. The highest
proportion of daily sodium intake in IF was observed in the youngest age group, 3-5 years

old, compared to other age groups, however, the highest proportion of sodium was attributed
to HM. A high proportion of daily sodium intake was observed in IF in subjects aged 6-11 and
12-18 who regularly eat lunch at the institution, following subjects aged 3-5 years old. The
highest contribution of IF to daily sodium intake was observed in subjects aged 30-49 among
adults, however, it was 1/3 times lower than that of subjects aged 3-5 years old.

DISCUSSION

The results of examination of the trends in sodium intake in citizens of Seoul between 2010
and 2019 showed that, although a downward trend was observed, the sodium consumption
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Table 5. Proportion of daily sodium intake according to meal provision place” among subjects

Variable HM RM IF CF
Overall (n=4,889) 41.6+0.8 35.5+0.8 7.5+ 0.4 15.4+ 0.4
Age group (yrs)
Total
3-5 (n=197) 36.8 + 2.9 16.6 + 2.4° 97.1+2.7¢ 19.5+1.5¢
6-11 (n = 415) 39.2+1.8° 19.6 + 1.7% 91.5 + 1.6° 19.8+1.1¢
12-18 (n=354) 33.5+1.9 97.5+92.1° 19.0 + 2.1° 20.0 + 1.4¢
19-29 (n=577) 28.1+ 1.6° 47.6 + 1.6 4.1+0.7 20.2 £ 1.92¢
30-49 (n=1,597) 36.3+ 1.0 492.1+1.9° 6.7 + 0.6° 14.9+0.6°
50-64 (n=1,109) 59.3 +1.9¢ 30.8+1.4° 4.6+ 0.6 12.3+0.7°
65-74 (n = 640) 68.0+ 1.5° 18.9+1.9* 3.4+0.7° 9.6+0.8°
P-value? <0.001"" <0.001™" <0.001™" <0.001™"
Male (n = 2,094)
3-5 (n=103) 37.6+ 3.2° 15.5 + 4.0 27.1+ 3.6¢ 19.8+1.9°
6-11 (n = 200) 40.8 + 2.6° 18.1 + 2,92 20.6 + 1.9° 20.5 + 1.6°
12-18 (n=178) 34.5+ 9.4 97.4 + 3.4° 20.2 + 3.1 17.9 + 2.0b°
19-29 (n=253) 28.7 + 2.0% 46.1+ 2.4 5.1+0.8 20.1+1.6°
30-49 (n = 660) 99.4+ 1.5 48.3 +1.4¢ 8.1+ 0.6° 14.9 +0.8°
50-64 (n=433) 46.7 + 1.59 36.5+1.6° 5.5+ 0.5% 11.3+0.9°
65-74 (n=267) 64.1+1.7° 99.0+ 1.5° 4.4+0.6° 9.4+0.9°
P-value <0.001"" <0.001™" <0.001™" <0.001""
Female (n = 2,795)
3-5 (n=94) 36.0+3.2° 17.7 + 4.0 27.2 + 3.6¢ 19.1+ 9.3
6-11 (n=215) 37.6+ 2.6 91.1+ 92.9% 99.3 + 1.9% 19.0 + 1.6¢
12-18 (n=176) 32.4+9.4%® 27.7 + 3.4° 17.8 +3.1° 292.1+2.0¢
19-29 (n=324) 27.5+ 2.0° 49.1+ 9.4 3.1+0.8 20.3 = 1.6¢
30-49 (n=937) 43.1+1.5° 36.0+ 1.4° 5.3 +0.6° 15.5+0.8°
50-64 (n=676) S7a5kE N5 95.5+ 1.6% 3.7+£0.52 13.2+0.9°
65-74 (n=373) 71.4+1.7° 16.2 +1.5% 2.6+ 0.6° 9.8+0.9°
P-value <0.001"" <0.001™" <0.001™" <0.001"""

Data are presented as mean = SE (%). All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using
the SURVEY procedures in the SAS software.
KNHANES, Korea National Health and Nutrition Examination Survey; HM, home meal; RM, restaurant meal; IF, institutional foodservice; CF, convenience food.
*dpifferent superscripts indicate significant difference across meal provision place in sex and age group (aged 3-5, 6-11, 12-18, 30-49, 50-64, 65-74) means by
Scheffé test (P < 0.05).
YMeal provision place is divided into 4 categories; HM, RM, IF, and CF.
2p-values of differences in the proportion of daily sodium intake (%) according to the meal provision place in sex and age group were calculated using the
SURVEYREG procedure.

"P<0.05, P <0.01,

https://e-nrp.org

Hrk

P <0.001.

of most of the subjects was greater than the CDRR. Variation in the level of sodium intake per
meal according to meal provision place was observed among sex and age groups, however, a

consistently high contribution of RM and IF to daily intake of sodium was observed in every

category. No significant difference in sodium density (mg/1,000 kcal) per meal was observed
between HM and RM in the 19-29 and 65-74 age groups. HM contributed to half of daily
sodium intake in subjects aged 50 years or older.

The average sodium intake by citizens of Seoul showed a decline from 2010 to 2019, consistent
with previous studies reported in Korea [10,23,24]. This is related to the policies and programs

for reduction of sodium intake that have long been promoted by the central government and
Seoul Metropolitan Government [9,10]. However, the level of daily sodium intake remains
higher than the recommended level. In 2019 the sodium intake level was 1.5 times higher than
the CDRR. Similar results were also reported in Japan, where the average intake of salt showed
a gradual decrease from 2003 to 2014 [25]. In particular, the recent trend of increasing sodium
intake was demonstrated in males aged 65-74 and those with medium-low or lower household

income. Differences in sodium intake according to sex have been commonly reported in Korea
[10,24]. A lower level of sodium intake was consistently observed for people with medium-low
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or lower household income compared with those who have higher household income between
2010 and 2018. According to the findings of a study conducted among Koreans using the
20102018 KNHANES, higher consumption of unprocessed foods was observed in the lower
income group compared with the higher income group [26]. Several studies have reported

an association of consumption of processed food with the income level of a country [27,28].
Unprocessed, natural foods are less expensive than processed foods in middle- or low-income
countries, and people in low-income groups choose to consume natural foods [27,28]. A
tendency toward increased consumption of ultra-processed foods in Korea has recently been
reported and our results also demonstrated increased consumption of sodium in groups with
medium-low household income or lower. A significant association between consumption of
ultra-processed food and frailty in elderly Americans has been reported [29]. Every 100 kcal
increase in energy from intake of ultra-processed foods resulted in an increase in pre-frailty or
frailty risk of 0.08 times (odds ratio, 1.08; 95% CI, 1.00-1.16; P < 0.05). Although the current
study did not include an analysis of the direct relationship between processed foods and the
level of sodium intake, high intake of sodium may be associated with excessive consumption of
processed foods and is a major concern due to the negative effect on health.

In the analysis according to meal provision place, higher sodium density (mg/1,000 kcal)

per meal was observed in IF than in RM, while a higher level of sodium intake per meal was
observed for RM compared with IF. In every period, the highest level of sodium intake was
observed in adults aged 30-49, who showed the highest sodium density (mg/1,000 kcal) in IF.
However, the results of the analysis of proportion in daily sodium intake showed that subjects
aged 30-49 consumed less than 10% of daily sodium in IF while over 40% in RM. When
considering the absolute sodium intake level alone, IF might be considered less healthy than
RM, however, this is not the case when considering the overall quality of the diet. Many studies
have found that IF have better nutritional quality than RM in Korea [12,14,18]. A lower index of
nutritional quality (INQ) scores was reported for people who ate lunch provided by workplace
food service, which reflects better nutritional quality, compared to those eating out or eating
home-made meals (P < 0.05) [12]. Eating-out showed an association with poor nutritional
quality, including more energy, fat, and sodium than institutional meals [18] or meals prepared
at home [15]. Several studies conducted in Korea have reported an association between eating
out and obesity [16,30]. Although previous studies often analyzed eating out by combining RM
and CF [12,18], similar results that RM highly contribute to sodium intake per meal were shown
even when analyzed by separating RM and CF. Moreover, the ratio of eating out to total food
expenditures showed a significant increase between 1990 and 2016 in Korea [16]. More than
half of participants reported eating outside the home at least once a week [16]. More than 40%
of daily sodium was consumed by adults aged 19-29 and males aged 3049 in RM. Therefore,
managing the meal quality of RM, rather than IF, which is already under proper management by
a dietitian, will have a more positive effect on the health of the population.

No significant difference in sodium density (mg/1,000 kcal) per meal was observed between
HM and RM in the 19-29 and 65-74 age groups. HM contributed to more than half of daily
sodium intake in adults aged 50 or older. Results of a study analyzing the sodium content

of soup-based dishes in Korea showed no significant difference in sodium content per 100

g from restaurants and home, while the results of an analysis per serving showed higher
sodium content in restaurants [17]. These results are inconsistent with those of several other
studies which demonstrated a higher sodium content for meals that are eaten out compared
with meals prepared at home [18], having a negative effect on health [30-32]. More than
60% of daily sodium intake in HM was observed in the 65-74 age group; therefore, sodium
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reduction in HM should not be underestimated. Lower sodium intake, a component of the
diet quality scores, showed an association with lower risk of frailty among women aged 60
years old or older [33]. A significant decrease in taste perception, including salty tastes, with
aging has been reported [34] and increased threshold values for compounds with a salty
taste (P < 0.05) have been reported among Asian people [35]. Several studies found that
changes in taste can result in alterations of food choice and eating habits [36,37]. Therefore,
the reduction of sodium intake observed in HM among elderly subjects is important for
prevention of disease and improved health.

Our study has some limitations that should be considered. Since this study is an
observational study, it has a limitation in that it could not remove all confounders. The
difference in sodium intake level by meal provision place can be based on the difference in
the characteristics of the subjects. Thus, caution is needed when interpreting the results of
this study. Moreover, because 24-h dietary recall data are dependent on the subjects’ short-
term memory, there is potential for recall bias. We also have to consider the limitations of
24-h dietary data that relies on the database to calculate sodium intake. For example, in the
case of soup-based food, the amount of sodium intake may be overestimated if the subject
does not consume all the soup. However, because an analysis of the mean of sodium intake
level among the subjects was performed, the limitations due to characteristics of the data
was offset. This study has several strengths. The trend analysis of sodium intake provides an
overview of the declining level of sodium intake in Seoul, demonstrating the importance of
reducing sodium intake due to the fact that the overall level of sodium intake has been higher
than the CDRR. To the best of our knowledge, this is the first study conducted in order to
analyze the sodium intake of comprehensive age groups according to meal provision place.
Specifically, most studies assessing sodium intake have often analyzed intake in adults.
However, based on a meta-analysis that sodium intake is associated with blood pressure
even in children and adolescents [38], this study also analyzed and described sodium intake
in children and adolescents aged 3 to 18 years. Moreover, we analyzed sodium intake level
of eating out by dividing it into RM and CF, which is a meaningful analysis considering the
recent expansion of the convenience food market. The results from analysis of the proportion
of daily sodium intake according to meal provision place will enable easier identification

of places to focus on according to age and sex. The findings of our study provide the basis
for development of further nutritional policy regarding sodium with consideration for meal
provision place and sex-age groups.

In conclusion, sodium reduction is still required for citizens of Seoul, and the level of sodium
intake varied significantly according to the characteristics of subjects. Considering that the
level of sodium intake per meal and the proportion of daily sodium intake varied significantly
according to meal provision place by sex and age groups, development of specialized
nutrition policies according to meal provision place will be required. Compared with policies
and programs previously implemented in Seoul, policies for reduction of sodium intake
targeting meal provision place will provide better results.
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