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Background/Aims: We explored whether high sodium intake, assessed by urinary excretion,
determines the risk of sarcopenia and nonalcoholic fatty liver disease (NAFLD).

Methods: We analyzed 10,036 adult participants with normal kidney function from the Korea
National Health and Nutrition Examination Survey (2008—-2011). NAFLD was identified using the
fatty liver index, and the muscle mass was evaluated using dual X-ray absorptiometry. The di-
etary sodium intake was estimated using Tanaka’s equation.

Results: The mean 24-hour urinary sodium excretion was 144.2+36.1 mmol/day (corresponding
to 3.3 g/day Na) in the total population. The 24-hour urinary sodium excretion showed moder-
ate accuracy in predicting NAFLD (area under the receiver operating characteristic, 0.702; 95%
confidence interval [CI], 0.692 to 0.712). A cutoff value of 99.96 mmol/day (corresponding to
2.30 g/day Na) for urinary sodium excretion in predicting NAFLD showed 76.1% sensitivity and
56.1% specificity. The results of multiple adjusted models indicated that the participants with the
highest urinary sodium excretion had a significantly higher risk of NAFLD (odds ratio, 1.46; 95%
Cl, 1.27 to 1.66; p<0.001) and sarcopenia (odds ratio, 1.49; 95% ClI, 1.28 to 1.73; p<0.001) than
those with the lowest urinary sodium excretion. The association between a higher 24-hour urinary
sodium excretion and NAFLD was independent of sarcopenia.

Conclusions: Participants with a high sodium intake, as assessed by sodium excretion, had a
substantial risk of NAFLD and sarcopenia. (Gut Liver 2023;17:456-465)

Key Words: Non-alcoholic fatty liver disease; Sarcopenia; Urinary sodium excretion; Metabolic
syndrome

INTRODUCTION

With the rapid increase in obesity and sedentary
lifestyles, nonalcoholic fatty liver disease (NAFLD) has
emerged as a socioeconomic issue. NAFLD is considered
the most widespread chronic liver disease worldwide, and
as the clinical consequences of NAFLD increase, so too will
the economic burden of NAFLD. In 2016, it was forecast-
ed, using an estimating model, that over 100 billion dollars
would be spent for NAFLD and that the expected 10-year
burden of NAFLD could increase to approximately one
trillion dollars in the United States. In Korea, the NAFLD
prevalence was estimated at 21.4% to 31.4% in 2019 and is
expected to increase by 6% in the next 10 years.”” Although
simple steatosis without metabolic dysfunction has been

shown to lead to favorable long-term outcomes, NAFLD
per se can be a risk factor for other metabolic diseases
including diabetes, hypertension, cardiovascular disease,
and chronic kidney disease.” Of these, a close association
between NAFLD and sarcopenia has been established.*’
Sarcopenia is regarded as an early manifestation of liver
injury and is a prognostic marker for liver disease.” Since
lipid dysregulation, insulin resistance, and chronic inflam-
mation play fundamental roles in liver and muscle tissues,’
there may be an independent association between sarcope-
nia and NAFLD and their interactions.

Lifestyle patterns, which are mostly accounted for by
dietary intake, are associated with a higher risk of NAFLD.
High fat, particularly saturated fat, and a refined carbohy-
drate-rich diet are well-known risk factors for NAFLD.’

Copyright © Gut and Liver.

@ (D Q) | Thisisan Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
same \Vhich permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.gutnliver.org


https://crossmark.crossref.org/dialog/?doi=10.5009/gnl220133&domain=pdf&date_stamp=2023-05-15

Han E, et al: High Sodium Intake Is Associated with NAFLD and Sarcopenia

Increased sodium intake has been reported to be a risk
factor for insulin resistance."” Furthermore, an association
between sodium intake and obesity and body fat distribu-
tion has been proposed."' However, the association among
NAFLD, sarcopenia, and sodium intake has not been elu-
cidated. Previous studies on the role of the high-sodium
diet have focused on cardiovascular diseases, primarily
hypertension.

Thus, we investigated whether a high-sodium diet,
estimated using urinary sodium excretion, is related sig-
nificantly to the risk of NAFLD or sarcopenia, as well as
whether a high sodium intake enhances the risk of cardio-
vascular risk among the participants with NAFLD and sar-
copenia. The aim of this paper was whether high sodium
intake (exposure) has association to NAFLD or sarcopenia
(as outcomes).

MATERIALS AND METHODS

1. Study population

In this study, we used the Korea National Health and
Nutrition Examination Survey (KNHANES) dataset from
2008 to 2011. The KNHANES is a national health survey
that monitors the fitness and nutritive conditions of South
Koreans. Each KNHANES was established on autonomous
datasets of the civilian population, recruited randomly from
600 districts in the cities and provinces in South Korea."” As
presented Fig. 1, KNHANES 2008-2011, included 37,753

Total assessed for eligibility (n=37,753)
KNHANES IV-2 (2008, n=9,744)
KNHANES IV-3 (2008, n=10,533)
KNHANES V-1 (2010, n=8,958)
KNHANES V-2 (2011, n=8,518)

participants. Initially, we selected 28,071 adults (=20 years
old, 12,160 men and 15,911 women) and excluded 17,214
participants with the following conditions: (1) inadequate
clinical and laboratory data to estimate liver steatosis or
muscle mass; (2) presence of viral hepatitis (positive sero-
logic markers of hepatitis B or C virus), history of hepatocel-
lular carcinoma, or liver cirrhosis; (3) heavy alcohol con-
sumption (>210 g/wk for men and 140 g/wk for women);
(4) missing data for urine sodium or with chronic kidney
disease. Chronic kidney disease was defined as an estimated
glomerular filtration rate of <60 mL/min/1.73 m’. Addition-
ally, as chronic disease including extrahepatic malignancy;,
chronic obstructive pulmonary disease and autoimmune
disease such as rheumatoid arthritis can affect muscle
mass, we excluded those populations. The final study anal-
ysis consisted of 10,036 participants (3,994 men and 6,042
women) with complete data.

All participants provided written informed consent
before the health examinations and surveys commenced,
and the KNHANES complied with the requirements of the
Institutional Review Board of the Korea Center for Disease
Control and Prevention (2008-04EXP-01-C, 2009-01CON-
03-2C, 2010-02CON-21-C, and 2011-02CON-06C).

2. Evaluation of clinical and laboratory parameters
The methods used for the current study have been
described previously.*”'""? Briefly, the KNHANES data
consisted of three-parts: medical history, nutritional status,
and laboratory tests. The medical history included disease

N Excluded those with age <20 yr (n=9,682)

A4

Age 220 yr (n=28,071)
Men (n=12,160)
Women (n=15,911)

Y

Exclude those with no data for FLI, DXA and
with heavy alcohol consumption, HBV, HCV
LC, HCC (n=13,731)

Fig. 1. Flow diagram of the inclusion
and exclusion criteria used in the
KNHANES IV and V. Of all the study

N Exclude those with no data for urine sodium
and eGFR <60 mL/min/1.73 m’ (n=3,741)

participants (n=37,753], 10,036 were
finally eligible (3,994 men and 6,042
women).

(n=563)

A 4

Exclude those with extrahepatic malignancy,
chromic obstructive pulmonary disease and
autoimmune disease (e.g., rheumatoid arthritis)

KNHANES, Korea National Health
and Nutrition Examination Survey;
FLI, fatty liver index; DXA, dual en-
ergy X-ray absorptiometry; HBV,

Final analysis set (n=10,036)
Men (n=3,994)
Women (n=6,042)

hepatitis B virus; HCV, hepatitis
C virus; LC, liver cirrhosis; HCC,
hepatocellular carcinoma; eGFR,
estimated glomerular filtration rate.
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diagnosis and/or treatment and health-related behaviors,
such as smoking, alcohol consumption, and physical
activity. Data were obtained using direct interviews and
self-reporting. After overnight (=8 hours) fasting, the par-
ticipants underwent blood tests and spot urinalysis. The
samples were refrigerated immediately and transferred to
a central laboratory (NeoDin Medical Institute, Seoul, Ko-
rea). Hypertension was defined as blood pressure >130/85
mm Hg or taking antihypertensive medications, and dia-
betes as fasting plasma glucose more than 126 mg/dL or
taking oral anti-hyperglycemic agents. Regular exercise
was characterized as involving intense athletics, resulting
in exhaustion or gasping for breath, and with engagement
of over 20 minutes per session at least three times a week.’
We defined hyper low-density lipoprotein (LDL) cholester-
olemia as the participant’s LDL cholesterol goal being with-
in the recommendations of the 2004 update of the Adult
Treatment Panel III guidelines or taking anti-dyslipidemia
drugs.”

3. Confirmation of NAFLD and sarcopenia

Hepatic steatosis was assessed as a fatty liver index and
NAFLD was defined as a fatty liver index >30." Data on
the appendicular skeletal muscle mass between 2008 and
2011, was obtained using the dual-energy X-ray absorp-
tiometry (QDR 4500A; Hologic Inc., Bedford, MA, USA)
test. Sarcopenia was defined as total appendicular skeletal
muscle mass (kg) divided by body weight, and we defined
sarcopenia when the result was less than one standard de-
viation below the sex-specific mean of healthy adults aged
20 to 39 years,"” with the cutoff for men and women being
30.92% and 24.35%, respectively.

4. Assessment of salt intake by 24-hour urinary

sodium excretion

The sodium intake was estimated according to the 24-
hour urinary sodium that was assessed using the sodium
and creatinine levels in spot urine samples with Tanaka’s
equation. The estimated 24-hour urinary sodium excretion
was calculated as follows (mmol/day): 21.98 x XNa®**,
where XNa=[spot urinary sodium (mmol/L)/spot urinary
creatinine (mg/dL)x10]xPr24-hourCr (mg/day).

Pr24-hourCr (mg/day)=—2.04xage (yr)+14.89xbody
weight (kg)+16.14xheight (cm)-2,244.45." We classified
the participants into tertile groups according to their 24-
hour urinary sodium excretion levels.

5. Statistical analysis

All statistical analyses were conducted using IBM SPSS
version 27.0 for Windows (IBM Corp., Armonk, NY, USA);
p<0.05 was considered to be statistically significant. Results
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are presented as meanststandard deviations for continu-
ous variables and numbers (n) or percentages (%) for cat-
egorical variables. A one-way analysis of variance and chi-
square tests were used to analyze the sex-specific tertiles of
urinary sodium excretion. Both were followed by post hoc
analyses using the Bonferroni method. Values that were
not normally distributed (triglyceride, high-density lipo-
protein cholesterol, LDL cholesterol, insulin, homeostasis
model assessment of insulin resistance, aspartate amino-
transferase, alanine aminotransferase, gamma glutamyl
transpeptidase, and platelets) were log-transformed to the
original scale to achieve approximately symmetrical distri-
butions. Although we set high sodium intake as exposure,
and NAFLD and sarcopenia as outcomes, we assessed the
association of higher 24-hour urinary sodium excretion
levels with the risk of sarcopenia and NAFLD, the highest
24-hour urinary sodium excretion tertile group was com-
pared against lower 24-hour urinary sodium excretion, in-
cluding both the lowest and middle tertile groups (T1 and
T2). A multivariate logistic regression analysis was used
to confirm the independent association among NAFLD,
sarcopenia, and 24-hour urinary sodium excretion, with a
multi-step adjustment. To measure the prediction accuracy
of the 24-hour urinary sodium excretion for NAFLD, we
analyzed the area under the receiver operating character-
istic (AUROC) curve and calculated the sensitivity, speci-
ficity and cutoff value. To analyze the interaction between
high sodium intake and NAFLD in sarcopenia, we applied
two-way analysis of variance (NAFLD and urinary sodium
excretion as fixed factors, and muscle mass adjusted by
body weight as a dependent variable).

RESULTS

1. Study population

A total of 10,036 participants (3,994 men and 6,042
women) with complete information were included in the
final statistical analysis (Fig. 1). Table 1 describes the clini-
cal characteristics of the study population, based on uri-
nary sodium excretion. The mean 24-hour urinary sodium
excretion was 144.2+36.1 mmol/day (corresponding to 3.3
g/day Na) in the total population. There was no significant
difference in the 24-hour urinary sodium excretion by
sex; 144.6+35.3 mmol/day for men and 143.9+36.6 mmol/
day for women (p=0.364). A total of 3,784 participants
(37.7%) had NAFLD, whereas the remaining participants
(n=6,252, 62.3%) did not. Additionally, 1,557 participants
(15.5%) were identified as having sarcopenia. The mean
age, body mass index, waist circumference, blood pressure,
fasting blood glucose, homeostasis model assessment of
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Table 1. Baseline Characteristics of the Study Population by Categories of 24-Hour Urinary Sodium Excretion

Tertiles of 24-hour urinary sodium excretion (mmol/day)

Characteristics p-value*
T1 (n=3,345) T2 (n=3,345) T3 (n=3,345)

24-Hour urinary sodium, mmol/day 106.1£16.4 142.1+8.7" 184.3+22.3™ <0.001
Daily energy intake, kcal 1,863+819 1,907+785 1,875+763 0.085
Age, yr 45.6£16.3 49.5+15.3" 53.1+15.0" <0.001
Male sex 1,301 (38.9) 1,335 (39.9) 1,358 (40.6) 0.157
Waist circumference, cm 78.1+10.0 80.4+9.3" 83.8+9.3"* <0.001
Body mass index, kg/m2 22.9+3.3 23.5+¢3.1" 24.5+3.3"F <0.001
Appendicular muscle mass, kg 18.1+4.9 18.4+4.9" 19.044.8™ <0.001
Systolic blood pressure, mm Hg 115.9416.0 119.8+17.1" 124.5+18.2" <0.001
Diastolic blood pressure, mm Hg 75.5+10.0 77.2¢10.3" 79.2+10.7" <0.001
Fasting plasma glucose, mg/dL 95.6£23.3 96.5£19.7 99.0+22.8" <0.001
Total cholesterol, mg/dL 187.0+35.1 188.6+35.9 191.7+35.7" <0.001
HDL cholesterol, mg/dL® 52.8+12.5 51.7+12.4" 50.8+11.8™ <0.001
Triglycerides, mg/dL® 115.0+81.1 126.3£91.9" 141.0£95.8™ <0.001
LDL cholesterol, mg/dL® 114.9+31.5 115.8+31.4 117.3£31.2" 0.012
eGFR, CKD-EPI, mL/min/1.73 m’ 98.2+15.6 96.8+15.2" 96.114.4" <0.001
Platelet, 107/L® 258.4%55.5 255.0+58.0" 256.9+58.9 0.113
Insulin, pU/mL® 9.645.2 10.126.4" 10.645.6™ <0.001
HOMA-IR? 2.3+1.6 2.542.5" 2.742.4™ <0.001
AST, IU/dL 20.9+8.7 21.3£10.2" 22.449.1™ <0.001
ALT, IU/dL 20.1+15.1 20.7+15.0" 22.2+16.2™ <0.001
GGT, IU/dL 27.4+35.8 27.0+30.9 29.3+32.3™ <0.001
Vitamin D, ng/mL 17.1£6.5 17.7+6.5" 18.246.5"™ <0.001
FLI 23.2+22.9 27.0+22.9" 33.9+24.7™ <0.001
FLI =30 965 (28.8) 1,213(36.3)' 1,606 (48.0)" <0.001
Sarcopenia 447 (13.4) 492 (14.7) 618(18.5)" <0.001
Current smoking 686 (20.5) 554 (16.6)" 473 (14.1)™* <0.001
Moderate-intensity exercise 496 (14.8) 504 (15.1) 497 (14.9) 0.977
Hypertension 768 (23.0) 878 (26.2)" 1,144 (34.2)" <0.001
Diabetes 273(8.2) 276 (8.3) 400 (12.0)" <0.001
Metabolic syndrome 744(22.2) 907 (27.1)" 1,275 (38.1)" <0.001

Data are presented as mean+SD or number (%).

T1, lowest tertile, T2, middle tertile; T3, highest tertile; HDL, high-density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular
filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; HOMA-IR, homeostasis model assessment of insulin resistance;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyl transpeptidase; FLI, fatty liver index.

*Chi-square tests for qualitative variables and analysis of variance tests for quantitative variables; "p<0.05 by post hoc analyses when compared
with the lowest tertile; *p<0.05 by post hoc analyses when compared with the middle tertile; *Log-transformed.

insulin resistance, total cholesterol, and triglyceride con-
centrations were significantly greater in participants with
a higher 24-hour urinary sodium excretion than in those
with a lower urinary sodium excretion (all p<0.05). The
proportion of sarcopenia that divided appendicular muscle
mass into body weight was significantly higher in the high-
est 24-hour urinary sodium excretion group than in the
lowest 24-hour urinary sodium excretion group (13.4% vs
18.5%, p<0.001). The participants who excreted a higher
urinary sodium had elevated liver enzymes (aspartate ami-
notransferase, alanine aminotransferase, and gamma glu-
tamyl transpeptidase), triglycerides, LDL cholesterol, and
homeostasis model assessment of insulin resistance than
those with lower urinary sodium excretion (all p<0.05),

while their kidney function (estimated glomerular filtra-
tion rate) and high-density lipoprotein cholesterol levels
showed a significant attenuation (p<0.05). The prevalence
of hypertension, metabolic syndrome, diabetes, NAFLD,
and sarcopenia was significantly greater in the participants
with the highest 24-hour urinary sodium excretion than in
the other groups (all p<0.05).

2. The risk of NAFLD in 24-hour urinary sodium
excretion status and sarcopenia
We analyzed the risk of NAFLD according to the 24-
hour urinary sodium excretion and sarcopenia, after ad-
justing for confounding factors (Table 2). The participants
with a high urinary sodium excretion had a significantly
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Table 2. Crude and Adjusted Odds Ratios of NAFLD According to 24-Hour Urinary Sodium Excretion

Crude Adjusted model
Variable
OR (95% Cl) p-value OR (95% Cl) p-value

Total population (n=10,036)

T Reference Reference

T2 1.40 (1.27-1.56) <0.001 1.25(1.09-1.43) 0.001

T3 2.28 (2.06-2.52) <0.001 1.46(1.27-1.66) <0.001
Sarcopenia absence (n=8,464)*

T1 Reference Reference

T2 1.49 (1.32-1.67) <0.001 1.46(1.27-1.69) <0.001

T3 2.33(2.07-2.61) <0.001 2.10(1.82-2.42) <0.001
Sarcopenia presence (n=1,157)*

T1 Reference Reference

T2 1.04 (0.80-1.35) 0.775 1.02(0.75-1.39) 0.892

T3 1.77 (1.37-2.29) <0.001 1.68 (1.24-2.29) 0.001

Adjusted model: adjusted for age, sex, exercise, smoking, body mass index, hypertension, diabetes, dyslipidemia, aspartate aminotransferase’,
alanine aminotransferase’, homeostasis model assessment of insulin resistance’, vitamin D, estimated glomerular filtration rate, Chronic Kidney

Disease Epidemiology Collaboration, and appendicular muscle mass.

NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval; T1, lowest tertile, T2, middle tertile; T3, highest tertile.
*In subgroup analysis by sarcopenia, appendicular muscle mass was excluded in the adjusted model; "Log-transformed.

Table 3. Crude and Adjusted Odds Ratios of Sarcopenia According to 24-Hour Urinary Sodium Excretion

Crude Adjusted model
Variable
OR (95% Cl) p-value OR (95% ClI) p-value

Total population (n=10,036)

T1 Reference Reference

T2 1.12(0.97-1.29) 0.113 1.11(0.95-1.29) 0.178

T3 1.47 (1.29-1.68) <0.001 1.49 (1.28-1.73) <0.001
NAFLD absence (n=6,252)*

T1 Reference Reference

T2 1.22(0.99-1.51) 0.061 1.41(1.12-1.77) 0.03

T3 1.34(1.07-1.66) 0.009 1.91 (1.49-2.45) <0.001
NAFLD presence (n=3,784)*

T1 Reference Reference

T2 0.85(0.70-1.04) 0.109 0.85(0.68-1.05) 0.845

T3 1.02(0.85-1.22) 0.856 1.09 (0.89-1.34) 0.383

Adjusted model, adjusted for age, sex, exercise, smoking, body mass index, hypertension, diabetes, dyslipidemia, aspartate aminotransferase’,
alanine aminotransferase’, homeostasis model assessment of insulin resistance’, vitamin D, estimated glomerular filtration rate, Chronic Kidney

Disease Epidemiology Collaboration, and appendicular muscle mass.

NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval; T1, lowest tertile, T2, middle tertile; T3, highest tertile.
*In subgroup analysis by NAFLD, aspartate aminotransferase, and alanine aminotransferase were excluded in adjusted model; "Log-trans-

formed.

higher risk of NAFLD than those with a low urinary sodi-
um excretion (crude odds ratio [OR], 2.28; 95% confidence
interval [CI], 2.06 to 2.52; fully adjusted model OR, 1.46;
95% CI, 1.27 to 1.66, all p<0.001). We then divided the
study population according to the presence of sarcopenia
and analyzed the risk of NAFLD. Similarly, a gradual in-
crease in the risk of NAFLD from the lowest to the highest
24-hour urinary sodium excretion, was observed in both
the sarcopenia present and absent groups with the risk
of NAFLD being slightly higher in the sarcopenia absent
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group (OR 2.10, 95% CI 1.82 to 2.42, p<0.001 for sarcope-
nia absence group; OR 1.68, 95% CI 1.24 to 2.29, p<0.001
for sarcopenia presence group).

3. The risk of sarcopenia based on 24-hour urinary
sodium excretion status depends on the presence
of NAFLD
Since we observed an independent association between

NAFLD and the 24-hour urinary sodium excretion, we

further analyzed the risk of sarcopenia according to the 24-
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hour urinary sodium excretion and NAFLD using adjusted
models (Table 3). The participants with a higher urinary
sodium excretion had a significantly higher risk of sarcope-
nia than those with lower urinary sodium excretion (crude
OR, 1.47; 95% CI, 1.29 to 1.68; fully adjusted model OR,
1.49; 95% CI, 1.28 to 1.73, all p<0.001). In the subgroup
analysis according to the NAFLD status, the risk for sar-
copenia was higher in participants who excreted a higher
urinary sodium excretion but without NAFLD in the fully
adjusted model (OR, 1.91; 95% CI, 1.49 to 2.45; p<0.001);
however, this statistical significance was diminished in
participants with NAFLD. This different outcome reflects
that NAFLD might be an effect modifier to sarcopenia in
high sodium intake, therefore, we analyzed the interaction
between high sodium intake and NAFLD in the risk of sar-
copenia. A two-way analysis of variance was conducted to
examine the effect of NAFLD and high sodium intake on
sarcopenia. There was a statistically significant interaction
between the effect of NAFLD and high sodium intake on
the muscle mass (F=11.70, p<0.001) (Supplementary Table
1). Bonferroni’s post hoc comparisons indicated that, as
hypothesized, individuals with high sodium intake had 0.68
kg/kg (p<0.001; 95% CI of the difference, —0.94 to —0.42)
lower than the lowest sodium intake group, 0.34 kg/kg
(p=0.006; 95% CI of the difference, —0.60 to —0.08) lower
than the middle sodium intake group.

4. Association between NAFLD, sarcopenia and a
higher 24-hour urinary sodium excretion
To clarify the relationship between NAFLD, sarcopenia,
and urinary sodium excretion, we compared the ORs of
each parameter. Both sarcopenia and NAFLD were as-

sociated independently with a higher 24-hour urinary
sodium excretion (OR 1.39, 95% CI 1.24 to 1.55, p<0.001
for sarcopenia; OR 1.19, 95% CI 1.03 to 1.38, p=0.016 for
NAFLD) (Table 4). After multiple and sufficient adjust-
ments, participants with both NAFLD and sarcopenia had
a significantly strong relationship with a higher 24-hour
urinary sodium excretion (OR, 1.34; 95% CI, 1.10 to 1.54;
p=0.004), followed by those with sarcopenia but without
NAFLD (OR, 1.25; 95% CI, 1.01 to 1.54; p=0.038) and par-
ticipants with NAFLD but without sarcopenia (OR, 1.16;
95% CI, 1.02 to 1.31; p=0.027).

5. The 24-hour urinary sodium excretion AUROC,

cutoff value for NAFLD and sarcopenia

To demonstrate the association between the 24-hour
urinary excretion, NAFLD, and sarcopenia, we stratified
the study population according to the presence or absence
of NAFLD/sarcopenia and the tertiles of 24-hour urinary
sodium excretion. As shown in Fig. 2A, the 24-hour urinary
sodium excretion exhibited a strong positive association
with NAFLD and sarcopenia (p for trend <0.001). We then
evaluated the feasibility of using the 24-hour urinary excre-
tion levels and performed an AUROC curve analysis. The
24-hour urinary sodium excretion showed moderate accu-
racy in predicting NAFLD (AUROC, 0.702; 95% CI, 0.692
to 0.712) (Fig. 2B). The 24-hour urinary sodium excretion
levels showed an acceptable discrimination in predicting
sarcopenia (AUROC, 0.649; 95% ClI, 0.634 to 0.664) (Fig.
2C). Furthermore, the diagnostic performance of the 24-
hour urinary sodium excretion, with a cutoff value of 99.96
mmol/day (corresponding to 2.30 g/day Na) in predicting
NAFLD, showed 76.1% sensitivity and 56.1% specificity.

Table 4. Association of NAFLD, Sarcopenia and the Highest 24-Hour Urinary Sodium Excretion Tertile (T3)

Crude Adjusted model
Variable
OR (95% ClI) p-value OR (95% Cl) p-value

Sarcopenia

Sarcopenia (-) Reference Reference

Sarcopenia [+ 1.39 (1.24-1.55) <0.001 1.19 (1.03-1.38) 0.016
NAFLD

NAFLD (-] Reference Reference

NAFLD (+) 1.91(1.76-2.08) <0.001 1.14(1.01-1.29) 0.031
NAFLDxsarcopenia

NAFLD (-)xsarcopenia (-) Reference Reference

NAFLD (+]xsarcopenia (-) 1.89 (1.72-2.07) <0.001 1.16(1.02-1.31) 0.027

NAFLD (-)xsarcopenia (+] 1.21(1.01-1.46) 0.048 1.25(1.01-1.54) 0.038

NAFLD (+)xsarcopenia (+) 2.10(1.83-2.41) <0.001 1.34(1.10-1.54) 0.004

Adjusted model, adjusted for adjusted for age, sex, exercise, smoking, body mass index, hypertension, diabetes, dyslipidemia, aspartate amino-
transferase*, alanine aminotransferase*, homeostasis model assessment of insulin resistance*, vitamin D, estimated glomerular filtration rate,
Chronic Kidney Disease Epidemiology Collaboration, and appendicular muscle mass.

NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval.

*Log-transformed.

https://doi.org/10.5009/gnl220133 461



Gut and Liver, Vol. 17, No. 3, May 2023

A

p<0.001

70-\

60

50 A
C,\“‘_
_5 40
=
o]
Q.
S 30+
o

20 A

10+ NAFLD (-), sarcopenia(-)

NAFLD (+), sarcopenia(-)
0- NAFLD (-), sarcopenia(+)
Lowest . NAFLD (+), sarcopenia(+)
(T1) Middle Highest
24. T2) (T3)

0.8

0.6 1

Sensitivity

0.4 1

0.2 A AUROC=0.702

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

0.8 A

0.6 1

Sensitivity

0.4

0.2 1 AUROC=0.649

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 2. The association between 24-hour urinary sodium excretion, nonalcoholic fatty liver disease (NAFLD), and sarcopenia. (A} Proportion of par-
ticipants by NAFLD, sarcopenia and 24-hour urinary sodium creation tertiles. (B) ROC and AUROC to predict NAFLD characterized fatty liver index

>30. (C) ROC and AUROC to predict sarcopenia.

ROC, receiver operating characteristics; AUROC, area under the receiver operating characteristics curve.

DISCUSSION

In this large and nationally representative data-based
study, we demonstrated that participants with a higher so-
dium intake had higher risks of both NAFLD and sarcope-
nia. We also found that the average urinary sodium excre-
tion was 3.3 g/day in the general Korean population. The
24-hour urinary sodium excretion levels showed a greater
accuracy in predicting NAFLD (AUROC, 0.702; 95% CI,
0.692 to 0.712) than in predicting sarcopenia (AUROC,
0.649; 95% CI, 0.634 to 0.664). With regard to NAFLD risk,
as reflected by the fatty liver index, the participants with
the highest 24-hour urinary sodium excretion showed a
1.46-fold higher risk of NAFLD than the participants with
the lowest 24-hour urinary sodium excretion. The risk was
maintained independent of the presence of sarcopenia and
was increased by up to 2.10 in the participants without
sarcopenia. Moreover, the risk of sarcopenia increased by
1.49-fold in the participants with the highest 24-hour uri-
nary sodium excretion; however, the risk was only main-
tained in the non-NAFLD group. By analyzing the interac-
tion between sodium intake and NAFLD in sarcopenia, we
found that NAFLD might be an effect modifier to sarco-
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penia in high sodium intake. Additionally, the association
between a high sodium intake and NAFLD and sarcopenia
was stronger where there was a coexistence of NAFLD and
sarcopenia rather than in NAFLD or sarcopenia alone. All
these findings may indicate that a reduction in sodium in-
take is clinically important for the general population who
are at a risk of NAFLD and sarcopenia.

Our study has several clinical implications. First,
high sodium intake may contribute to both NAFLD and
sarcopenia, and this association was more dominant in
NAFLD than in sarcopenia. Previous studies have shown
the impact of high sodium intake on single metabolic dys-
function, including diabetes, hypertension, NAFLD, and
sarcopenia.'""”"* Similarly, our results demonstrated that
participants in the highest urinary sodium excretion tertile
group were more likely to have hypertension, diabetes, and
the metabolic syndrome. Our study further demonstrated
the higher risks of both NAFLD and sarcopenia with an
increased sodium intake and an integration of the risks
for each disease. In parallel with the well-known fact that
insulin resistance is a critical cornerstone of metabolic
diseases, which is exacerbated by high sodium intake,"
recent experimental models have proposed that a high
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sodium intake modulates pro-inflammatory cytokines
and mineralocorticoid receptors, thereby activating organ
fibrosis.”**' Excessive salt intake can lead dysregulation in
microvascular reactive oxygen species, resulting endothe-
lial dysfunction.” Decreased arteriolar responsiveness to
endothelium dependent stimuli is observed in arteries and
muscles.”” Additionally, evidences support that high so-
dium diet endogenous fructose production and accelerate
leptin resistance which can drive sarcopenia and fatty liver
disease.”*” Thus, it appears that a high sodium intake im-
plicates both NAFLD and sarcopenia, although the under-
lying mechanisms of high salt intake on liver and muscle
interactions have not been fully elucidated. We also found
that the risk of NAFLD was higher in the participants who
excreted high urinary sodium without sarcopenia (OR: 2.10
vs 1.68), whereas the risk of sarcopenia did not increase
in the participants with both high urinary sodium excre-
tion and NAFLD, which may indicate that a high sodium
intake is more profound in NAFLD than in sarcopenia.
Considering the relative effect of NAFLD and sarcopenia
on mortality, NAFLD alone, does not increase the death
rate,” while sarcopenia may be a more advanced metabolic
derangement than NAFLD. Therefore, dietary education
to enable the reduction of sodium consumption should be
considered in the early stages of NAFLD before the devel-
opment of sarcopenia.

Second, the current study showed that the average daily
sodium consumption, assessed by urinary excretion, 3.3 g
in the general Korean population. This value was similar
to that of a previous study that analyzed the 24-hour urine
collection in Korea.” Although there were some efforts
to reduce dietary sodium intake in Korea,” this level was
still higher than the sodium intake recommended by the
World Health Organization (2 g/day).” In Korea, kimchi
and noodles are the main contributors to dietary sodium.*
Moreover, our data has suggested a potential cutoff value
for sodium intake in NAFLD of 2.30 g/day. This cutoff was
similar to that for systemic oxidative stress and inflam-
matory response as well as for cardiac remodeling after
myocardial infarction.” Similarly, it has been shown that
a reduction in salt consumption by 9 g/day (e.g., from 12
to 3 g/day, 3 g/day of salt corresponding to 1.2 g/day Na)
would reduce death from stroke by 36% and death from
coronary heart disease by 27%.”" Considering that cardio-
vascular disease is the most common contributory cause
of death in NAFLD,” our results provided evidence of the
usefulness of the dietary sodium intake cutoff value in
NAFLD. We demonstrated previously that the coordinated
impact of decreased muscle mass and NAFLD on the risk
of cardiovascular disease,’ and high sodium intake may be
responsible for increased occurrence of cardiovascular dis-

ease among the participants with NAFLD and sarcopenia.
Furthermore, the dietary acid load derived from dietary
potassium was associated with cardiovascular disease in
our previous study,” and the reduction in sodium in addi-
tion to an increase in dietary potassium may have provided
the necessity for appropriate dietary intervention for par-
ticipants with NAFLD and/or sarcopenia who are vulner-
able to cardiovascular disease risk.

Third, our data demonstrated the clinical usefulness
of urinary sodium in predicting NAFLD. Considering
the burden of NAFLD on various other cardiometabolic
diseases and disease progression, the characterization of
the participants with NAFLD is important for identifying
high-risk populations. In the current study, the AUROC
value for NAFLD was 0.702, and the participants with the
highest urinary sodium excretion showed a much greater
risk of NAFLD after adjusting for hypertension, diabetes,
obesity, and muscle mass (OR, 1.46; 95% CI, 1.27 to 1.66).
Additionally, this association was strengthened when there
was a coexistence with sarcopenia (OR, 1.16; 95% CI, 1.02
to 1.31 for NAFLD alone vs OR, 1.34; 95% CI, 1.10 to 1.54
for NAFLD with sarcopenia).

Although the findings are of clinical significance, this
study had several limitations. First, while we used a vali-
dated equation to assess the dietary sodium intake with
spot urine, the 24-hour collection of urine provided the
most accurate assessment of salt intake. Similarly, a well-es-
tablished NAFLD prediction model was used in our study
because it was not possible to consider imaging studies or
biopsy results. Second, since the present study was based
on cross-sectional data, we could not confirm the causality
or interaction between status changes in urinary sodium
excretion, NAFLD, and sarcopenia. Third, despite the ex-
clusion of the participants with impaired renal function
(estimated glomerular filtration rate <60 mL/min/1.73 m®),
the use of spot urinary sodium excretion may have un-
derestimated the sodium intake. Third, the identification
of sarcopenia depended solely on muscle mass because
of the lack of information on muscle strength or physical
performance. Lastly, due to the lack of drug information in
KNHANES, we could not assess the diuretics use, adrenal
dysfunction or urinary tract infection which can affect uri-
nary sodium excretion.

In conclusion, the participants with high sodium levels,
as assessed by urinary sodium excretion, had a substan-
tially increased risk of both NAFLD and sarcopenia. Sarco-
penia further increased the risk of NAFLD. Further studies
are necessary to clarify the role of dietary sodium intake in
integrating muscle and liver interactions and whether re-
duction in dietary sodium consumption may decrease the
metabolic burden of NAFLD and sarcopenia. It is recom-
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mended that prospective and long-term follow-up studies
targeting the prognostic importance of sodium intake on
NAFLD and sarcopenia be conducted in order to develop
a meaningful and practical dietary guideline which may
include energy and caloric restrictions, macronutrient
(protein/carbohydrate/fat) compounds, and sodium con-
sumption as a fundamental component that encourages
patient education and improves understanding.
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