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Abstract

Introduction: Excess sodium intake can increase the risk of high blood pressure and
cardiovascular disease, common comorbidities for those with type 2 diabetes mellitus (T2DM).
The purpose of this study is to describe sodium intake and high sodium food sources among
Korean Americans (KAs) with T2DM.

Method: This study, a descriptive, secondary analysis of baseline data from a clinical trial for
diabetes, recruited KAs with T2DM (7= 232) from the community.

Results: Average dietary sodium intake was 3,433 mg. Major sources of dietary sodium were
from bicultural diets: noodles and dumplings, Korean-style soups, kimchi, breads and snacks, and
boiled or seasoned vegetables. Participants who consumed excessive sodium were more likely to
consume more calories and be male, married, and more recently diagnosed with T2DM.

Discussion: High consumption of sodium among KAs with T2DM supports the need to develop
effective, tailored interventions addressing dietary sodium that incorporates the individual’s
culture.
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Diet modification is a critical component in the prevention of cardiovascular disease (CVD),
the leading cause of U.S. deaths (Lichtenstein et al., 2006; Roger et al., 2012). It is well
documented that excess sodium intake can lead to high blood pressure (HBP), the primary
risk factor for CVD (Jackson, King, Zhao, & Cogswell, 2016). People with type 2 diabetes
mellitus (T2DM) are at high risk of developing CVD, and CVD risks are even higher in
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those with concurrent HBP (Leon & Maddox, 2015; Martin-Timon, Sevillano-Collantes,
Segura-Galindo, & Del Cafizo-Gémez, 2014).

High sodium intake is associated with an increased risk of obesity through high energy
intake (He & MacGregor, 2010), and high energy intake is related to increased excessive
consumption of processed food that is high in both calories and sodium (National Institute
for Health and Clinical Excellence, 2015). Although people with diabetes may be concerned
about calorie intake, few are likely to recognize the risk of high sodium intake and its
consequences, including HBP, hyperinsulinemia (Sharma, Ruland, Spies, & Distler, 1991)
and insulin resistance (Poch et al., 2001) in T2DM.

People with diabetes tend to focus on restricting their diet, including low intake of total
calories and carbohydrates, in order to manage weight and blood glucose levels. Many
immigrants, including Korean Americans (KAs), originate from countries where the
prevalence of obesity is lower than it is in the United States (Gordon-Larson, Harris, Ward,
& Popkin, 2003), and they are found to be in better health than their U.S.-born counterparts
(Frisbie, Cho, & Hummer, 2001). However, compared with Koreans in Korea, KAs have a
higher prevalence of overweight and obesity (Cho & Juon, 2006) and report more
overweight- and obesity-related illnesses such as HBP, T2DM, and heart disease (S. K. Lee,
Sobal, & Frongillo, 2000; Y. J. Song et al., 2004). Yet, KAs often perceive that they are less
obese than the majority of the U.S. population (S. K. Lee et al., 2000). The main reason for
weight gain in KAs is their high calorie intake from fatty foods and processed foods that also
contain high amounts of sodium after immigrating to the United States (S. K. Lee et al.,
2000).

There are limited studies about the sodium intake of Asian Americans even though the
number of Asian Americans, including KAs, is increasing rapidly in the United States. One
noteworthy risk factor among KAs is related to changes in dietary patterns after
immigration. Many KAs undergoing acculturation increase their consumption of animal
protein, fats, and refined sugar. At the same time, they continue to eat traditional Korean
foods, which are high in sodium (e.g., pickled vegetables, soy, and other high-sodium
sauces). This bicultural diet combination can be detrimental for people with or at risk for
HBP and CVD (Ye, Rust, Baltrus, & Daniels, 2009).

The reported patterns for the major sources of sodium among those in Korea and KAs are
similar. Previous studies have repeatedly identified several traditional dishes as the main
sources of dietary sodium including kimchi, bean paste soup, salty stews, and spicy noodles
(Cross, Kim, Yu, Chen, & Kim, 2002; Park, Murphy, Sharma, & Kolonel, 2005). Although
these studies are valuable, there are several gaps in the literature regarding our understanding
of the major sources of sodium and calories in the diet for KAs with T2DM and its impact
on their clinical outcomes. First, the available data are outdated and KAs’ diets have become
more diverse and rapidly change after immigration. Moreover, people with diabetes are more
likely to be conscious about their calorie intake and may yield a different pattern of their
dietary sodium and calorie intake.
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To address this gap in the literature, the amount of dietary sodium and calorie intake for KAs
with T2DM, along with the major dietary sources of sodium, need to be assessed. Thus, the
purposes of this study were (a) to determine the distribution of daily sodium intake of KAs
with T2DM, (b) to identify major sources of dietary sodium in the diets of KAs with T2DM,
and (c) to examine the ratio of sodium to calories using the major sources of dietary sodium.

Study Design

Sample

Setting

This secondary analysis was part of an open-label, randomized controlled trial to assess the
effectiveness of a self-help intervention for diabetes management among KAs. The details
concerning recruitment, enrollment, and retention have been previously reported (M. T. Kim
etal., 2015).

Eligible participants were self-identified KAs with uncontrolled type 2 diabetes, as verified
by HbA1C values of 7.0% (53 mmol/mol) or higher, were between 35 and 80 years of age
and were able to speak and read Korean or English. One additional inclusion criterion was
added for the present study—participants must have completed a 24-hour dietary recall at
the baseline data collection time. A total of 250 KAs were enrolled in the program and
randomized into the intervention group (/7= 120) or the control group (7= 130) and 232
KAs, who had complete 24-hour dietary recall data, at baseline were used in this analysis. A
power analysis was undertaken to determine whether the sample size was enough to detect
meaningful changes in the randomized control trial using a conservative effect size of 0.5%
reduction in AL1C with type 1 error of 0.05 and 90% power. The sample size was 210
subjects (105 subjects per group) (M. T. Kim et al., 2015).

Participants were recruited in a natural community setting through media campaigns,
outreach to places (e.g., ethnic churches, supermarkets, festivals), and referrals by Korean
health care providers. Most research activities took place at a community site, the Korean
Resource Center, where the community—academic team members worked together to enroll
participants, provide interventions, and collect data for a year-long follow-up period (M. T.
Kim et al., 2015).

The data were collected at baseline and at 3, 6, 9, and 12 months. For the present study, only
the data collected at baseline were used in the analysis. The study proposal was approved by
the institutional review board of the primary author’s educational institution.

Measurement

Demographic data included age, gender, education attainment, financially stable, marital
status, length of U.S. residency, duration of diagnosed DM, level of health literacy, and
health insurance. Anthropometric data encompassed height and body weight, from which the
body mass index (BMI) was calculated. The cutoff points for obesity (BMI > 25 kg/m?)
used were those defined by the International Obesity Task Force for adults in the Asian and
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Pacific regions (World Health Organization, 2000); that is, normal (BMI < 23 kg/m?),
overweight (BMI = 23 and < 25 kg/m?2), and obese (BMI > 25 kg/m?2) based on the BMI.

Dietary Data.—A single 24-hour dietary recall was collected from each participant
through the in-person interview. Each participant was asked to report all the food, beverages,
and supplements that the participant had consumed during the past 24 hours. To enhance
data accuracy, each participant was shown three-dimensional food models depicting foods
and serving sizes to assist in reporting portion sizes of food intake. The accuracy of data
collection was also improved by using contemporary Korean food samples and containers to
measure participants’ portion sizes.

Ingredients and nutrients were calculated using a software (Can Pro 4.0) that the Korean
Dietetic Association developed and validated (The Korean Nutrition Society, 2012). The 24-
hour dietary recall has been reported as a valid and sensitive measure to compare with both
urinary excretion of sodium and total energy expenditure of energy intake (calories)
(Espeland et al., 2001; De Keyzer et al., 2015; Hagfors, Westerterp, Skdldstam, &
Johansson, 2005).

Selected Food Items.—Food groups for this study were based on the system used by
Can Pro 4.0, which is similar to the Nutrition Data System Research that analyzes dietary
composition. To address the food sources of sodium, foods were grouped into categories
based on Korean National Nutrition and Health Examination Survey dietary intake file using
Can Pro 4.0. The comparison for sodium amount was based on serving size as determined
by the Can Pro 4.0. These food groups were developed by categorizing 1,821 kinds of
commonly used Korean foods into 23 food groups described in Table 1.

The contribution of each food group to daily sodium intake was calculated using the
following formula: % of sodium from food group = (sum of sodium from food group [mg]/
total sum of sodium from all foods [mg]) x 100. The researchers also calculated the
contribution of each food group to calorie intake using the same formula: % of calories from
food group = (sum of calories from food group [kcal]/total sum of calories from all foods
[kecal]) x 100. The dietary sodium to calorie ratio was determined for each food group using
the following formula: % of sodium / % of calorie for each food group.

Data Analysis

Data were analyzed using SPSS Windows release 21.0 (IBM Corp, 2013). Descriptive
statistics were used to characterize the sample and histograms were generated and used to
examine outliers. Five outliers were found with extremely high-sodium intakes and were
removed because the values between mean and 5% trimmed mean were relatively large
(3600.49 and 3405.34). Independent sample ftests and chi-square tests were conducted to
identify statistical differences in demographic characteristics by dietary sodium intake
(optimal vs. excessive sodium intake). The differences in food group intake patterns were
also analyzed by age group (30-49, 50-64, 65 years and older), gender, and meal type.
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Sample Characteristics

The distribution of the sample demographic information is presented in Table 2. There were
135 males (58.2%) and 97 females (41.8%), with an average age of 58.7 years (standard
deviation [SD] = 8.4) (range: 35-76 years). The sample had a relatively low level of
education (47.7% not having graduated from high school) and the majority of them were
married (88.8%). Only one third of the sample reported being financially stable, and all of
them were first-generation immigrants who had been in the United States for an average of
24.1 years (SD = 11.2) (range: 1.3-53 years). On average, they were aware of having
diabetes for 7.9 years (SD = 7.2), with a range of 0 to 35 years. The majority of participants
exhibited limited health literacy (83.7%) and did not have health insurance (47.8%).

Characteristics of Dietary Sodium and Calorie Intake

The average daily sodium intake of 227 KAs with T2DM was 3433.4 mg (SD = 1963.9;
range: 492.5-9400.2). The majority (67.4%) of the KAs with T2DM in this sample
consumed more dietary sodium than the recommended sodium intake of 2,300 mg per day
(American Diabetes Association, 2017; American Heart Association, 2015). The average
daily energy intake (calories) was 1933.0 kcal (SD = 697.4; Mdn = 1823.9; interquartile
range = 974.6) for males and 1510.1 kcal (SD = 566.2; Mdn = 1481.5; interquartile range =
742.5) for females (Table 2).

For the comparison of the optimal and excessive sodium group, there were significant
differences by gender (XZ = 4.88, p < .05); marital status (XZ = 6.03, p< .05); duration of
diagnosed T2DM, £225) = 2.25, p< .05. There were also significant differences in calorie
intake for both males and females, {129) = =522, p<.001; {94) = -4.20, p<.001.

Major Sources of Dietary Sodium and Calorie Intake

Table 1 demonstrates the ranked food group contributing high sodium and calorie intake and
how different foods contributed as a percentage of the total sodium intake to the overall
dietary sodium to KAs with T2DM.

The top five food sources of sodium are noodles and dumplings, Korean-style soups, kimchi,
breads and snacks, and boiled or seasoned vegetable, which accounted for 57.7% of the total
sodium intake of the KAs with T2DM in this study. Across all age groups and gender, the
greatest contributor to sodium intake was noodles and dumplings, which accounted for
15.14% of the sample’s intake. Other major sources, which contributed to more than 10% of
intake, were Korean-style soups (12.75%), kimchi (12.14%), and breads and snacks
(10.28%). Among the top-ranked food groups, noodles and dumplings, noodle soup and
ramen contained the highest amounts of sodium (56912.52 mg; 50467.44 mg). The
combination of Korean traditional diet (noodles and dumplings, Korean-style soups, and
kimchi) and Western diet (breads and snacks) represent a bicultural diet contributing to high
sodium intake of KAs with T2DM.
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There were significant differences based on gender for the amount of noodles and dumplings
(t=2.40, p<.05) and breads and snacks (= 2.06, p < .05) consumed. Males consumed
significantly higher amounts of sodium from noodles and dumplings and breads and snacks.
Sodium intake from consuming breads and snacks was significantly lower in older age
groups (F=2.85, p<.05). There were expected differences in sodium intake of food groups
by meal type. For example, the top sodium food groups (i.e., noodles and dumplings and
Korean-style soups) were not significantly different during the main meals of breakfast,
lunch, or dinner. On the other hand, the breads and snacks food group was the top-ranked
sodium food group in both morning snack and evening snacks (= 3.53, p< .01).

The amount of calories that the top five sodium foods contributed to total calorie intake
included: noodles and dumplings (14.17%), Korean-style soups (3.51%), kimchi (0.26%),
breads and snacks (13.57%), and boiled or seasoned vegetable (1.43%;) (see Table 3). Other
major food sources that contributed the greatest to total calorie intake were rice (9.03%;
third ranked), soups and gruel (8.1%; fourth ranked), and fried food (6.89%; fifth ranked).

Dietary Sodium-Calorie Ratio

The order of contribution of sodium and calorie was not consistent (Figure 1). Among the
top five ranked sodium source food groups, noodles and dumplings (14.17%) had the highest
contribution to daily calorie intake as well. On the other hand, kimchi had only 0.26%
contribution to daily calorie intake, moreover, the ratio of sodium and calorie was 49.0,
which means kimchi contains much higher sodium compared with calories. There were two
food groups, noodles and dumplings (sodium/calorie 1.1) and breads and snacks (sodium/
calorie 0.8), which had similar contribution ratio between sodium and calorie intake.

Discussion

Excessive dietary sodium intake is a major health risk in KAs, especially those diagnosed
with diabetes, in terms of having a higher prevalence of high blood pressure, cardiovascular
disease, and chronic kidney disease (Provenzano, Stark, Steenkiste, Piraino, & Sevick,
2014). The present study supports and extends the concern over high sodium intake. The
mean daily sodium intake of KAs with T2DM was 3,433.4 mg. The majority of the sample
(67.4%) exceeded the recommendation of the American Diabetes Association (e.g., 2,300
mg per day). Recent studies that reported sodium intake showed that mean sodium intake in
individuals with T2DM ranged from 3,214 to 3,910 mg per day, similar to the findings of
this study, but still higher than recommended, which is 2,300 mg per day (Ekinci et al.,
2010; Provenzano et al., 2014).

The daily sodium intake reported in this study was lower than the daily sodium intake
reported for the Korean general population (Park et al., 2005; Yon et al., 2011). Yon et al.
(2011) found that the daily sodium intake for Koreans aged 12 to 65 years was 4,600 mg.
Park et al. (2005) reported that Korea-born KA females’ sodium intake was 3,378 mg, which
is slightly greater amount than of KA females (2989.1 mg) in the current study. In
comparison with the sodium intake of other ethnic groups, African Americans had the
lowest average daily sodium intake (3,475 mg) while Whites had the highest average daily
sodium intake (3,702 mg) (U.S. Department of Health and Human Services, 2010). In
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summary, the average daily sodium intake of KAs with T2DM for this study was relatively
lower than the general population in various ethnic groups (except African Americans) but
still exceeded the recommendations.

The guidelines for individual calorie intake vary depending on body size and physical
activity level. Based on the 2015-2020 U.S. Dietary Guidelines, the general estimates of
recommended calorie intake for males are 2,200 kcal and 1,600 kcal for females (U.S.
Department of Agriculture, 2015). In this study, the average daily energy intake (calories)
for males was 1933.03 kcal (SD = 697.44) and for females was 1510.09 kcal (SD = 566.15).
Among males, 32.6% of participants consumed more calories than recommended (2,200
kcal). The total calorie intake in KAs for this study was higher than a previous study for KA
elderly (1756.2 + 677.6 kcal vs. 1520.5 + 36.0 kcal) (Y. H. Lee, Lee, Kim, & Han, 2009).

Across all age groups, gender, BMI, and acculturation, the top five major contributors to
sodium intake were noodles and dumplings (15.14%), Korean-style soups (12.75%), kimchi
(12.14%), breads and snacks (10.28%), and boiled or seasoned vegetable (7.37%). The
combination of Korean traditional diet (noodles and dumplings, Korean-style soups, and
kimchi) and Western diet (breads and snhacks) represents a bicultural diet contributing to high
sodium intake of KAs with T2DM. KAs with T2DM showed not only similarities but also
differences in sodium food sources from native Koreans. Compared with a previous study
which evaluated trends and identified sodium sources for Koreans using Korean National
Nutrition and Health Examination Survey data from 1998 to 2010 (D. Y. Song, Park, Shim,
& Lee, 2013), the major food groups contributing to dietary sodium intake were kimchi
(22.8%-31.7%), noodles and dumplings (10.5%-13.8%), soups (10.2%-13.8%), and stews
(8.5%-11.2%). KAs still eat Korean traditional foods as their top three major sodium sources
but the contribution of each food group was a little lower than Koreans in Korea.
Additionally, KAs consumed breads and snacks (e.g., sandwiches, hamburgers) as a fourth
major sodium source, and breads and snacks were often eaten as morning or evening snacks
and breakfast among younger KAs. The researchers found statistically significant
differences in sources of sodium intake among demographic subgroups. Most notable is that
although a great amount of sodium is consumed through major dishes, there were
differences among gender and age groups. Whether there are significant differences
according to taste preference and meal frequency warrants further investigation.

Until now, Korean traditional foods have been considered as high sodium containing foods,
and KAs’ tendency to maintain their traditional diet after immigration has been noted as the
main reason for the high sodium intake in their diet (Cross et al., 2002; Kwon, Shim, Park,
& Paik, 2009). However, a bicultural diet that includes both Korean and Western foods more
accurately explains KAs’ high sodium intake. It is of note that this bicultural diet was found
in KAs, who were first-generation and middle-aged adults in this study. A common
assumption is that acculturation and, accordingly, diet change would occur with greater
length of U.S. residence after immigration. A longitudinal study provided evidence that
acculturation increases with the length of U.S. residence and is accompanied by dietary
changes (Tseng, Wright, & Fang, 2015). However, the same study showed that these
changes were not large enough to have a clear health impact. Therefore, factors besides
acculturation or length of U.S. residence as a proxy of acculturation that affect dietary
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changes and health in first generation KA immigrants warrant further investigation. In
addition, it will be beneficial to provide nutritional education focusing on healthier bicultural
dietary practices for more acculturated first generation KAs with T2DM.

Interestingly, the contributions to the total daily calorie intake for each top sodium food
group are not always high. Similarly, the ratios of sodium to calorie intake among top-five
ranked sodium source food groups in this study provided valuable information regarding diet
patterns of high sodium and calorie intake among KAs. Among the top-five ranked sodium
source food groups, noodles and dumplings (14.17%), which represents the main dish
containing a high portion of carbohydrates, and breads and snacks, which represents the
Western diet (13.57%), had the top two contributions to daily calorie intake. On the other
hand, kimchi had only 0.26% contribution to daily calorie intake, moreover, the ratio of
sodium to calories was 49.0, which means kimchi contains much higher sodium compared
with calories. Among the top-five ranked food groups, the total contribution of sodium and
calorie intake in Korean traditional foods versus Western foods provided meaningful
information. For sodium intake, Korean traditional foods (noodles and dumplings, Korean-
style soups, kimchi, and boiled or seasoned vegetable) totaled 47.40% of the contribution,
while Western foods (breads and snacks including sandwiches, hamburgers, bread, pizza,
cereal, toast, hotdogs, burritos, and chips) had 10.28% of contribution. In calorie intake,
Korean traditional foods had only 19.37% of the contribution, but Western foods, breads and
snacks alone had 13.57% of contribution. Based on these findings, KAs may consume the
same amount of high sodium by eating fewer calories from high-sodium items (e.g., kimchi,
Korean-style soups, and boiled/seasoned vegetable) or by eating moderate to large amounts
of calories from medium or low sodium items simultaneously.

Another notable finding was that there were two kinds of food groups that are noteworthy
for this population that had highest contributions of both sodium and calories and also
represent bicultural diet: noodles and dumplings (15.14% of sodium and 14.17% of calories)
and breads and snacks (10.28% of sodium and 13.57% of calories). These food groups may
influence not only the sodium level but also the level of blood glucose in people with
diabetes due to having a high portion of carbohydrates. KAs with T2DM, who may
recognize that Korean traditional foods contain relatively lower levels of calories, might be
surprised at their high sodium levels (Kim, Lee, Ahn, Bowen, & Lee, 2007). In reality, the
ratio of sodium to calories in Korean traditional foods ranked as the top-five major sodium
sources and were considerably higher than other food groups: Korean-style soups (3.6),
kimchi (49.0), and boiled or seasoned vegetable (5.2; Table 3). These foods seem like
healthy foods and contain relatively lower calories when compared with Western foods, but
they can boost sodium consumption. Alderman, Cohen, and Madhavan (1998) reported with
National Nutrition and Health Examination Survey data that not only sodium intake but also
the sodium to calorie ratio were directly associated with CVVD mortality and all-cause
mortality. Because there was a strong correlation of sodium with energy intake, both sodium
alone and the sodium concentration in the diet may be needed to explain variations in health
outcomes in KAs with chronic disease.
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Limitations

A limitation of this study was the use of a single 24-hour dietary recall to assess the level of
sodium and calorie intake, which may result in underestimation of food intake. It is hard to
identify the variations between foods eaten on weekends versus weekdays with only one day
of intake. Also, measures based on self-report can be affected by the inaccurate recall of past
events (Gibson, 1990). However, despite these limitations, the data provides an important
snapshot into the dietary intake of this population which has been understudied. Second, the
generalizability of the study findings is limited to KAs with T2D in this sample due to the
lack of probability sampling. This sample may not represent the population of KAs with
T2DM across the United States. Thus, generalizing the findings of this study should be done
with caution.

Implications

This study has several implications for nursing practice. Nurses need to be aware that
patients with T2DM may be consuming high amounts of sodium in their diet. Current
patient education on the diet for T2DM self-management emphasizes restriction of calories
and carbohydrates. However, reduction in the high consumption of sodium may also need to
be emphasized in dietary education to reduce the risk of high blood pressure, especially in
KAs with T2DM whose bicultural diet is likely contributing to high sodium consumption.

Furthermore, nurses may play a pivotal role in developing culturally sensitive dietary self-
management programs and facilitating patients self-management of dietary intake skills in
multiple heath care settings. For nurses caring for patients with T2DM who come from
diverse backgrounds, it is essential to avoid stereotyping and thinking that a “one size fits
all” approach will work for all members of any ethnic or minority group. Every component
of dietary self-management should be patient centered, modified and designed with patients
to reflect their cutural values. In addition, nurses can help people with T2DM to understand
how sodium intake can affect potential health complications such as HBP and kidney disease
along with guidance on how to implement their personalized dietary recommendations.

Examples of practical strategies that nurses can use with the KA population may include
recommending modifications of Korean contemporary food recipes to reduce salt content
that subsequently reduces sodium intake. Many KAs consider soups and stews comfort food,
and they drink the broth, which increases sodium intake. To help reduce the sodium in the
soup, one can make their own soup with low amounts of salt or use no-salt added or
reduced-sodium broths. People can also reduce the volume of broth consumed by using a
smaller bowl, and they can adjust the ingredients in the soup, adding more vegetables and
tofu for flavor and less room for high sodium broth.

Conclusion

In conclusion, this secondary descriptive study on assessing dietary sodium intake and major
food sources of sodium consumption in KAs with T2DM showed that excessive sodium
intake was problematic in this sample and that bicultural diets contributed to their high
consumption of sodium. In addition, two major types of foods (i.e., noodles and dumplings,
breads and snacks) containing high amounts of sodium also contained high amounts of
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calories, which may affect glucose control in people with diabetes. Despite years of clinical
trials and scientific evidence to reduce the burden of CVD, many people having diabetes still
do not comply with their dietary recommendations. Moreover, immigrants remain more
likely than the U.S.-born populations to be unaware of their risk factors for CVD (Langellier
et al., 2012). An approach reflecting their own culture has been not used for dietary self-
management to deal with high-risk dietary habits and foods. This study contributes to our
understanding about the sodium consumption and its food sources for the KA population
with T2DM. This knowledge is necessary to develop interventions that can be culturally
tailored. Future study developing culturally sensitive, efficient, and effective dietary
programs for immigrant populations are warranted.
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Contribution to daily sodium and calorie intake by food group in Korean Americans with

type 2 diabetes mellitus.
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