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Background: Diabetics are likely to receive advice from their physicians concerning lifestyle changes. To understand how much 
sodium is consumed by diabetics in Korea, we compared the average daily sodium intake between diabetics and non-diabetics af-
ter controlling for confounding factors.
Methods: We obtained the sodium intake data for 13,957 individuals who participated in the Korean National Health and Nutri-
tion Examination Survey (KNHANES), 2008 to 2010, which consisted of a health interview and behavioral and nutritional sur-
veys. The KNHANES uses a stratified, multistage, probability-sampling design, and weighting adjustments were conducted to 
represent the entire population.
Results: Our analysis revealed that, overall, diabetics tended to have lower sodium intake (4,910.2 mg) than healthy individuals 
(5,188.2 mg). However, both diabetic and healthy individuals reported higher sodium intake than is recommended by the World 
Health Organization (WHO). Stratified subgroup analyses revealed that the sodium intake (4,314.2 mg) among newly diagnosed 
diabetics was higher among women when compared to patients with known diabetes (3,812.5 mg, P=0.035). Female diabetics 
with cardiovascular disease had lower average sodium intake compared to those without cardiovascular disease after adjusting for 
sex, age, body mass index, and total energy intake (P=0.058). Sodium intake among male diabetics with hypercholesterolemia 
(P=0.011) and female diabetics with hypertriglyceridemia (P=0.067) tended to be higher than that among those who without 
dyslipidemia.
Conclusion: The average sodium intake of diabetics in Korea was higher than the WHO recommends. Sodium intake in newly 
diagnosed diabetics was significantly higher than that in non-diabetics and previously diagnosed diabetics among females. Pro-
spective studies are needed to identify the exact sodium intake.
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INTRODUCTION

Many studies have investigated sodium intake in non-diabetic 

patients. Higher sodium intake is associated with higher 
blood pressure [1], whereas lower sodium intake can reduce 
blood pressure in hypertensive patients [2-5]. The likelihood 
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of developing type 2 diabetes mellitus (T2DM) is almost 2.5 
times higher in persons with hypertension (HTN) than in 
normotensive individuals [6]. However, research investigating 
the potential association between diabetes and sodium intake 
are rare. According to the meta-analysis by Suckling et al. [7], 
reduced sodium intake leads to lower blood pressure in type 1 
diabetes mellitus (T1DM) and T2DM. Uzu et al. [8] revealed 
that higher sodium intake was associated with masked HTN 
in patients with T2DM. On the other hand, in a cohort study 
about sodium intake and mortality in T2DM, lower 24-hour 
urinary sodium excretion was, paradoxically, associated with 
increased all-cause and cardiovascular mortality [9].

In Korea, there have been no standardized epidemiological 
studies on nationwide sodium intake to date. Using data from 
the Korean National Health and Nutrition Examination Sur-
vey (KNHANES, 2008 to 2010), we investigated sodium in-
take in Korea and the characteristics associated with sodium 
intake in patients with T2DM.

METHODS

Study population 
The data analyzed in this study were obtained from the 
KNHANES IV and V (2008 to 2010). In total, 29,235 people 
participated in this study. We analyzed the data from male 
and female subjects who were more than 30 years of age. Par-
ticipants who did not have data regarding their diet, demo-
graphic characteristics, and laboratory, and/or physical char-
acteristics were excluded. People without data regarding the 
treatment of their HTN, diabetes mellitus (DM), hyperlipid-
emia, and/or medication history were also excluded. In addi-
tion, pregnant women and people whose total energy intake 
was less than 500 kcal or greater than 5,000 kcal were exclud-
ed, as were patients with diabetes whose glycosylated hemo-
globin (HbA1c) was not recorded. After applying the exclu-
sion criteria, 13,957 participants were enrolled.

Diagnosis of DM
It was impossible to distinguish T1DM and T2DM in the 
KNHANES dataset. DM is diagnosed by the American Dia-
betes Association (ADA), Korean Diabetes Association, and 
KNHANES criteria (fasting blood sugar ≥126 mg/dL, or pa-
tients with oral hypoglycemic agents [OHA] or insulin, or pa-
tients who were already diagnosed by a physician). The pa-
tients who were not diagnosed by a physician, but whose fast-

ing blood glucose was over 126 mg/dL without OHA and in-
sulin treatment, were considered as newly diagnosed diabetes.

Diagnosis of hypercholesterolemia
Participants whose fasting total cholesterol was ≥240 mg/dL 
or who were taking a lipid-lowering medication were consid-
ered to have hypercholesterolemia.

Diagnosis of hypertriglyceridemia
Participants whose fasting triglyceride was ≥200 mg/dL were 
considered to have hypertriglyceridemia.

Statistical analyses
All data are presented as mean±standard error (SE) or as 
prevalence (% and SE). Sampling weights were used to take 
the complex sampling into account, and statistical analyses 
were conducted using SAS version 9.3 software with the sur-
vey procedure (SAS Institute Inc., Cary, NC, USA). Because 
KNHANES uses a complex sample design method, we used 
the PROC SURVEY procedure of SAS, which uses weight, 
stratification variables, and cluster variables to obtain estimat-
ed results without bias. Statistical significance was defined as 
P<0.05.

RESULTS

Baseline characteristics of non-diabetic and diabetic 
patients
Baseline characteristics of non-diabetic and diabetic individu-
als are shown in Table 1. In total, there were 12,477 individu-
als without diabetes and 1,480 individuals with diabetes. The 
percentage of those that took part in smoking, drinking, and 
regular physical activity were similar in both groups. Howev-
er, there were several notable differences. Educational attain-
ment and income levels were lower among diabetics com-
pared to non-diabetic individuals. The proportion of people 
having a body mass index (BMI) >25.0 kg/m2 was higher 
among diabetic patients than non-diabetic patients. The prev-
alence of HTN, hypercholesterolemia, and hypertriglyceride-
mia was also higher among patients with DM.

Sodium intake in DM and non-DM
Sodium intake among patients with and without diabetes is 
shown in Table 2, Fig. 1. Average sodium intake per day 
among non-diabetic and diabetic patients was 5,188.2 and 
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4,910.2 mg, respectively. Among males, sodium intake was 
6,127.1 mg in non-diabetics and 5,676.3 mg in diabetics. 
Among females, sodium intake was 4,290.5 mg in non-dia-

betics and 3,933.3 mg among diabetics. However, after adjust-
ing for sex, age, BMI, and total energy intake, those with dia-
betes did not have significantly lower average sodium intake 
(P=0.868) than non-diabetics. 

Sodium intake in those with known or newly diagnosed DM 
The comparison of sodium intake between previously diag-
nosed diabetic patients and those with newly diagnosed dia-
betes is shown in Fig. 1. Analysis of this data reveals a trend 
that sodium intake among newly diagnosed diabetics is great-
er than those with established diagnoses. Particularly among 
females, this difference was statistically significant.

Table 1. Baseline characteristics in DM and non-DM

Characteristic Normal, 
% (n=12,477)

Diabetes, 
% (n=1,480) P valuea

Sex 
   Male 48.9 56.0 <0.001
   Female 51.1 44.0
Age group, yr
   30–44 44.5 13.1 <0.001
   45–64 35.7 40.1
   65–74 15.5 35.8
   ≥75 4.2 11.0
Education
   Elementary 20.8 42.4 <0.001
   Lower secondary 12.4 15.0
   Upper secondary 36.1 27.8
   College or more 30.6 14.8
Income
   Lowest 15.0 29.1 <0.001
   Medium-low 24.8 28.4
   Medium-high 30.1 22.3
   Highest 30.1 20.2
Body mass index, kg/m2

   <18.5 3.4 1.7 <0.001
   18.5–25.0 64.9 46.3
   ≥25.0 31.6 52.0
Current smokers, yes 24.8 23.5 0.394
Alcohol use, yes 57.8 48.0 <0.001
Regular physical activity, yes 13.2 12.6 0.615
Prevalence of hypertension, 
   yes

29.0 59.4 <0.001

Prevalence of 
   hypercholesterolemia, yes

11.0 24.5 <0.001

Prevalence of 
   hypertriglyceridemia, yes

16.1 31.5 <0.001

Total energy intake, kcal 1,970.2±10.1 1,847.6±25.9 <0.001b

   %CHO 68.4±0.1 71.3±0.3 <0.001b

   %Fat 17.0±0.1 14.6±0.3 <0.001b

   %Protein 14.7±0.1 14.1±0.1 0.001b

Values are presented as mean±standard error.
DM, diabetes mellitus; CHO, carbohydrate.
aP value from Rao-Scott chi-square test using PROC SURVEYFREQ, 
bP value from PROC SURVEYFREG.
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Fig. 1. (A) Comparison of sodium intake in male with known 
diabetes mellitus (DM) and newly diagnosed DM. (B) Com-
parison of sodium intake in female with known DM and new-
ly diagnosed DM. P value was obtained from PROC SUR-
VEYREG after adjustment for (sex), age group, education, in-
come, body mass index, smoking, alcohol use, physical activi-
ty, and total energy intake. aNormal vs. diabetes, bNormal vs. 
formerly diagnosed, cNormal vs. newly diagnosed, dFormerly 
vs. newly, e,fStatistically significant P value.
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Sodium intake in diabetic patients with cardiovascular 
disease, HTN, hypercholesterolemia, and 
hypertriglyceridemia
Female diabetics with cardiovascular disease (Table 3) had 
significantly lower average sodium intake compared to those 
without cardiovascular disease after adjusting for sex, age, 
BMI, and total energy intake (3,262 mg/day vs. 3,998 mg/day, 
P=0.058).

A comparison of sodium intake according to whether or 
not the individual had hypercholesterolemia is shown in Table 
3. All subjects, males in particular, showed significant differ-
ences. After adjusting for sex, age group, education, income, 
BMI, smoking, alcohol use, physical activity, and total energy 
intake, in all subjects and particularly males, those individuals 
with diabetes and hypercholesterolemia had significantly 
higher sodium intake. A similar trend was observed among 
females, but was not statistically significant. A comparison of 
sodium intake among those with and without hypertriglyceri-
demia is shown in Table 3. Females with hypertriglyceridemia 
had higher sodium intake compared to those without hyper-
triglyceridemia. The resulting P value was 0.067 after adjust-
ing for sex, age group, education, income, BMI, smoking, al-
cohol use, physical activity, and total energy intake. The rela-
tionships between the quartiles of sodium intake, high blood 
pressure, hypercholesterolemia, and HbA1c are shown in Ta-
ble 4. Compared to the baseline sodium intake of the refer-
ence group (1,637 mg/day), greater baseline sodium intake 
was associated with an increased risk of hypercholesterolemia 
(3,113 mg/day: odds ratio [OR], 1.16; 95% CI, 0.74 to 1.80; 
4,751 mg/day: OR, 0.99; 95% CI, 0.62 to 1.56; 9,260 mg/day: 
OR, 1.83; 95% CI, 1.12 to 2.97). 

This trend was even more apparent among males (Table 4).

Table 2. Comparison of sodium intake in people with diabetes mellitus and non-diabetes mellitus 

Variable Normal Diabetes Diabetes formerly diagnosed Diabetes newly diagnosed P valuea

Total (n=13,957) 12,477 1,480 1,137 343

   Sodium, mg 5,188.2±39.1 4,910.2±116.1 4,741.0±133.6 5,340.8±230.6 >0.1b,c,d,e

Male (n=5,661) 4,930 731 543 188

   Sodium, mg 6,127.1±55.4 5,676.3±174.0 5,547.3±210.0 5,957.6±320.0 >0.1b,c,d,e

Female (n=8,296) 7,547 749 594 155

   Sodium, mg 4,290.5±41.5 3,933.3±136.6 3,812.5±150.7 4,314.2±270.4 0.022d, 0.035e

Values are presented as mean±standard error.
aP value was obtained from PROC SURVEYREG after adjustment for (sex), age group, education, income, body mass index, smoking, alcohol 
use, physical activity, and total energy intake, bNormal vs. diabetes, cNormal vs. formerly diagnosed, dNormal vs. newly diagnosed, eFormerly 
vs. newly.

Table 3. Comparison of sodium intake in DM patients with or 
without CVD, hypercholesterolemia, hypertriglyceridemia

Variable Na, mg P value

Total (n=1,480)

   DM alone 4,929.4±126.8 a

   DM c CVD 4,727.1±350.5 0.786

   DM alone 4,711.2±132.6 b

   DM c hypercholesterolemia 5,525.2±250.9 0.021

   DM alone 4,726.8±134.7 b

   DM c hypertriglyceridemia 5,294.1±7,187.5 0.201

Male (n=731)

   DM alone 5,669.4±185.1 a

   DM c CVD 5,738.6±499.4 0.439

   DM alone 5,294.1±182.0 b

   DM c hypercholesterolemia 7,187.5±432.3 0.011

   DM alone 5,507.1±217.9 b

   DM c hypertriglyceridemia 5,994.4±291.3 0.891

Female (n=749)

   DM alone 3,998.2±148.4 a

   DM c CVD 3,262.2±246.9 0.058

   DM alone 3,865.1±162.5 b

   DM c hypercholesterolemia 4,093.4±230.5 0.777

   DM alone 3,833.4±127.4 b

   DM c hypertriglyceridemia 4,199.6±347.9 0.067

Values are presented as mean±standard error.
DM, diabetes mellitus; CVD, cardiovascular disease; c, with.
aP value was obtained from PROC SURVEYREG after adjustment 
for (sex), age group, body mass index (BMI), and total energy intake, 
bP value was obtained from PROC SURVEYREG after adjustment 
for (sex), age group, education, income, BMI, smoking, alcohol use, 
physical activity, and total energy intake. 
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DISCUSSION

Few studies have investigated sodium intake among patients 
with and without diabetes in Korea. Huh et al. [10] revealed 
that average sodium intake estimated based on 24-hour uri-
nary sodium excretion was 6,528.8 mg/day in male diabetic 
patients and 5,073.6 mg/day in female patients. Lee et al. [11] 
showed that sodium intake in diabetic patients aged 65 and 
over was 6,135.5 mg/day. Similarly, a study by Lim et al. [12] 
with diabetic patients aged 65 and over found that sodium in-
take based on 24-hour dietary recall was 4,719.6 mg/day in 
males and 3,461 mg/day in females. However, all of these 
studies are limited by the fact that their samples were very 
small. In our study, sodium intake among non-diabetics was 
greater than in diabetics (5,188.2 and 4,910.2 mg, respective-
ly). Although this difference was not statistically significant, a 
trend with diabetic individuals’ sodium intake being lower 
than that of non-diabetic individuals was observed. These 
findings were reported in a previous study [13] based on the 
National Health and Nutrition Examination Survey data in 
the United States. One explanation for this trend is physician 
recommendations regarding life-style modifications, particu-
larly among individuals with diabetes [14-16]. Almost all 
adults in the United States exceeded the recommended sodi-
um intake as stated by the 2013 ADA position statement for 
sodium intake [17] (a total of 99.4% of United States adults 
consumed more than 1,500 mg/day of sodium [13]). Howev-

Table 4. Odds ratio of dyslipidemia according to the quartile of sodium intake

Variable
Q1 Q2 Q3 Q4

P value
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Total (n=1,480) 370 370 370 370

   Hypercholesterolemia (n=364) 1.00 - 1.16 0.74–1.80 0.99 0.62–1.56 1.83 1.12–2.97 0.028

   Hypertriglyceridemia (n=432) 1.00 - 0.83 0.55–1.25 1.03 0.68–1.58 1.02 0.67–1.56 0.629

Male (n=731) 182 183 183 183

   Hypercholesterolemia (n=134) 1.00 - 1.02 0.47–2.20 1.29 0.60–2.77 2.46 1.20–5.05 0.006

   Hypertriglyceridemia (n=229) 1.00 - 0.66 0.37–1.18 0.94 0.52–1.68 1.03 0.55–1.91 0.548

Female (n=749) 187 187 188 187

   Hypercholesterolemia (n=230) 1.00 - 0.77 0.44–1.34 1.27 0.68–2.39 1.20 0.64–2.22 0.301

   Hypertriglyceridemia (n=203) 1.00 - 1.72 0.96–3.09 1.97 1.13–3.44 1.52 0.82–2.82 0.144

OR, odds ratio.
aP for trend was obtained from PROC SURVEYLOGISTIC after adjustment for sex, age group, education, income, body mass index, smoking, 
alcohol use, physical activity, and total energy intake.

er, adults in Korea still consume more sodium than Ameri-
cans. Given the plethora of studies documenting the associa-
tion between sodium intake and T2DM risk [18], cardiovas-
cular and chronic kidney disease risk [19-24], and links be-
tween sodium restriction and reduction in proteinuria, stroke 
protection, and enhancement of antihypertensive agents 
[10,25], limiting and managing sodium intake is central to 
public health. Because initiatives to reduce sodium intake 
have been implemented by various organizations, it is neces-
sary to determine a more accurate, healthy amount of sodium 
intake. KNHANES data used in this study was obtained 
through 24-hour dietary recall. Because this method is less 
accurate, considering the dietary habits of Koreans [26], there 
is a need to develop a more accurate method for estimating 
sodium intake in subsequent KNHANES surveys.

In a similar manner to sodium intake among those with 
and without diabetes, we speculate that those with an estab-
lished diabetes diagnosis may have lower overall sodium in-
take than those newly diagnosed with diabetes, due to life-
style modifications. 

Analysis of our data revealed that sodium intake was not as-
sociated with cardiovascular events (data not shown). Howev-
er, female diabetics with cardiovascular disease had lower 
overall sodium intake compared to those without cardiovas-
cular disease. A single-center, randomized control trial [27] 
reported lower sodium intake in patients with diabetes and 
cardiovascular disease compared to those with diabetes with-
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out cardiovascular disease. Reduced intake and enhanced di-
etary modifications, which are integral to cardiovascular dis-
ease care [28], were assumed to have contributed to this obser-
vation.

Sodium intake was higher among people with diabetes ac-
companied by hypercholesterolemia and/or hypertriglyceri-
demia. In quartiles of sodium intake, those with greater sodi-
um intake tend to have a higher risk of hypercholesterolemia. 
Thus, there remains a possibility that sodium intake could 
also affect blood lipid concentration in the Korean popula-
tion. However, given the cross-sectional nature of this study, 
we remain skeptical of this possibility. Moreover, a prior study 
reported that changes in dietary sodium intake over 50 to 150 
mmoL/day did not affect blood lipid concentrations [29]. If 
results similar to our results are found in subsequent studies 
from KNHANES data, there will be a greater need for more 
reliable studies on whether sodium intake affects blood lipid 
concentration.

This study has several strengths, including a large sample 
with diverse health and sociodemographic data from the Ko-
rean population and analysis that interrogates the potential 
associations between sodium intake and blood lipids among 
those with and without diabetes. The study is most limited by 
the fact that the KNHANES obtained data by 24-hour dietary 
recall, so the accuracy of sodium intake is not guaranteed. 
Our research is also limited by its cross-sectional nature be-
cause we could not elucidate the causal relationship between 
sodium intake and DM or hypercholesterolemia.

In summary, our study revealed that the overall sodium in-
take among Korean adults was very high. Second, individuals 
with an established diagnosis of diabetes, especially females, 
had lower sodium intake than did individuals with newly di-
agnosed diabetes or healthy individuals. In addition, female 
diabetics with cardiovascular disease had lower overall sodi-
um intake than did those without cardiovascular disease. 
Third, among diabetics with hypercholesterolemia and hyper-
triglyceridemia, a trend toward higher sodium intake was ob-
served in comparison to those with diabetes alone. Finally, we 
determined that among those with diabetes, sodium intake 
also increased the risk of hypercholesterolemia. Future studies 
will require more accurate tools to record sodium intake. 
Moreover, further prospective research is needed to elucidate 
cause-and-effect relationships between sodium intake and 
blood lipid profiles.
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