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ABSTRACT

Purpose: Recent studies have reported a significant association between skeletal muscle,
muscle strength and non-alcoholic fatty liver disease (NAFLD). The effect of nutrient intake
on the prediction of skeletal muscle mass and strength or its suggested correlation with
metabolic diseases has been primarily reported in healthy individuals. The current study
explores the association between energy intake and handgrip strength (HGS) in individuals
with NAFLD.

Methods: Data were obtained from the Korea National Health and Nutrition Examination
Surveys 2016-2018. Data from 12,469 participants were extracted and 1,293 men and 1,401
women aged 20 years and older were included in the analyses of patients with NAFLD. The
presence of NAFLD was determined using the hepatic steatosis index. To estimate relative
skeletal muscle strength, HGS was measured using a digital dynamometer and calculated by
adjusting the body mass index of the dominant arm. Study subjects in the NAFLD and non-
NAFLD groups were separately categorized according to quartiles of the calculated HGS.
Results: We found that individuals with low (EQ1) energy intake had lower odds of HGS
compared to subjects with high (EQ4) energy intake, irrespective of their NAFLD status (p
<0.0001). However, the HGS did not differ based on the level of protein or fat intake ratio.

Additionally, the effect of energy intake on HGS was more pronounced in men than in women.

Conclusion: Energy intake was associated with the risk of weak HGS in men with NAFLD.
The results indicate that energy intake may be a key factor in nutrition care for NAFLD
patients with low muscle function.

Keywords: NAFLD; energy intake; skeletal muscle

INTRODUCTION

Sarcopenia is a state characterized by decreased skeletal muscle mass and strength and its
comorbidities increase the risk of metabolic disease and mortality [1,2]. Recent evidences
suggest a significant relationship between skeletal muscle mass, metabolic disorders

(e.g. obesity, non-alcoholic fatty liver disease [NAFLD]), and related dietary factors [3-5].
However, the effect of nutrient intake has not been incorporated in the prediction of skeletal
muscle strength, and its relationship to muscle function has not been well established. In
addition, the outcomes of studies that have investigated the role of a single nutrient supply
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in augmenting muscle mass, or the effect of nutritional status on skeletal muscle health
were still conflicting. For instance, the risk of sarcopenia was higher in overweight or obese
individuals, and a higher body mass index (BMI) was positively correlated with lean body
mass [4,6]. High protein intake increases fat-free mass and reduces insulin resistance [5],
while another study reported an increased diabetes prevalence in study participants with
high protein intake [7]. Our recent study reported a positive effect of total energy intake on
skeletal muscle mass in Korean adults [8], though its relationship with muscle strength has
not been reported.

Among several metabolic complications, NAFLD is associated with higher energy intake.
NAFLD has been reported to be significantly associated with high risk of sarcopenia, which
may be related to low-energy intake [9-11]. Each study that reported the modulatory effect
of diet and nutrient intake in association with NAFLD or with skeletal muscle strength
separately exists [12-17]. For example, a Mediterranean diet was associated with a lower risk
of developing frailty [14], and observational studies reported a shortage of energy intake

in sarcopenia [17] and high fat intake (> 42%) and low micronutrient intake in patients
with NAFLD [15]. However, the effects of energy intake on muscle strength in patients with
NAFLD has not been reported. Recently, studies have reached a consensus that muscle
strength predicts muscle health or frailty more precisely than muscle mass [18]. Handgrip
strength (HGS) measurement is a convenient method for representing muscle strength and
has been reported to be highly correlated with whole-body muscle mass [19]. Furthermore,
HGS predicts the risk of many health problems, metabolic diseases, diabetes, and
hypertension [20-22]. However, few studies have examined the relationship between muscle
strength and NAFLD, and these studies observed the effect of nutrients on skeletal muscle
mass or the association between muscle strength, mostly in healthy individuals.

Hence, the purpose of this study was to explore the association between energy intake and
HGS as a functional index of muscle strength in patients with NAFLD.

METHODS

Data source and study participants

Data were obtained from 24,269 participants enrolled in the Korea National Health and
Nutrition Examination Survey (KNHANES) between 2016 and 2018. Initially 16,560
individuals aged 20 years and older, whose HGS data were accessible were included. For
classifying NAFLD, participants with excessive alcohol consumption (more than 210 g/
week for men and more than 140 g/week for women) and with positive for hepatitis B or

C viral marker were excluded [23]. Participants with a daily calorie intake of less than 500
kcal or more than 5,000 kcal were excluded. Upon considering the exclusion criteria, 12,469
individuals were included in the analysis (Fig. 1). The use of KNHANES 2018 data was
approved by the Institutional Review Board (IRB) of the Korea Centers for Disease Control
and Prevention (IRB No. 2018-01-03-P-A). IRB approval was not required for the use of
KNHANES data between 2016 and 2017 under the Bioethics Act [24]. For the main analyses
of patients with NAFLD, a total of 2,694 participants (1,293 men and 1,401 women), for
comparison purpose, 9,775 participants (3,616 men and 6,159 women) without non-NAFLD
were included in the analysis (Fig. 1).
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Total participants from KNHANES 2016-2018 (n = 24,269)
KNHANES 2016: n = 8,150
KNHANES 2017: n = 8,127
KNHANES 2018: n = 7,992

Excluded (n = 7,709)
- Age < 20 years old, or having no HGS data

n=16,560
Aged 20 years and older measuring HGS

Excluded (n =2,091)
- Having HBV/HCV
- Excessive alcohol consumption

n =14,469 Included in NAFLD

Excluded (n =2,000)
- Daily calorie intake less than 500 kcal or
more than 5,000 kcal

n =12,469 having calorie intake in range

| l

n = 2,694, NAFLD subjects n = 9,775, non-NAFLD subjects
Men: 1,293 Men: 3,616
Women: 1,401 Women: 6,159

Fig. 1. Inclusion and exclusion criteria for the study participants.
NAFLD, non-alcoholic fatty liver disease. HGS, handgrip strength. HBV, hepatitis B virus. HBC, hepatitis C virus.

Definition of NAFLD

The hepatic steatosis index was used to diagnose NAFLD in the study participants. NAFLD
was defined using a previously reported model that calculated hepatic steatosis index [25] as
8 x alanine aminotransferase (ALT)/aspartate aminotransferase (AST) + BMI (+2 for diabetes;
+2 for female). The prediction sensitivity and specificity of the hepatic steatosis index for
NAFLD were 86% and 66%, respectively, in the Korean population [25].

Anthropometric and biochemical data

Anthropometric, health-related, and biochemical parameters were obtained from all the
participants. The data obtained were age, waist circumference (WC), systolic blood pressure
(SBP) and diastolic blood pressure (DBP). Height and weight were measured to the nearest
0.1 cm and 0.1 kg, respectively, with participants wearing light clothing [24]. BMI was
calculated as weight in kilograms divided by the square of height in meter squares. Blood
pressure was measured on the right arm using a standard mercury sphygmomanometer
(Baumanometer Wall Unit 33(0850), W.A. Baum Co. Inc., Copiague, NY, USA) in stable
position. Blood pressure was measured twice at 5-min intervals and the averaged value were
reported [24]. Enzymatic analysis was performed to measure serum parameters of metabolic
status including fasting glucose, total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, total triglycerides, ALT, AST, blood urea nitrogen, and
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creatinine levels (using Hitachi Automatic Analyzer 7600, Japan). All analytic procedures
were subjected to quality control inspection [24].

Assessment of HGS

HGS was assessed using a digital grip strength dynamometer (T.K.K 5401; Takei, Niigata,
Japan), in a standing position with the participants’ arms in full extension. The participants
were instructed to squeeze the dynamometer as strongly as possible, for at least 3 s. The right
and left hands were alternately squeezed three times for a total of six measurements [24].
Relative HGS was calculated using a previously reported equation [10,20]: the absolute HGS
value of a dominant arm divided by BMI. The quartiles of HGS were calculated for each sex,
with Q1 and Q4 being the lowest and highest quartiles, respectively. Q1 was defined as the set
of participants with low HGS.

Dietary records

The dietary intake data of participants were assessed by trained survey researchers using

the 24-h dietary recall method. The intake of each nutrient, including carbohydrates, fats,
and proteins, was calculated using food composition tables issued by the National Rural
Resources Development Institute (9th revision) [26]. In addition, the participants were asked
whether the dietary intake recorded in their 24-h dietary recall was similar to their typical
diet [24]. To minimize the variation due to one-day dietary assessment, the data that were
similar to a participant’s usual dietary intake were analyzed.

Assessment of other covariates

Covariates include household income, education, physical activity, and the presence of
hypertension, hyperglycemia or diabetes mellitus. Household income data were reported as
quartiles of average household monthly income in the KNHANES: low, low-middle, middle-
high, and high [24]. The data on education were categorized into two levels: less than a high
school education or above. Hypertension was recognized by the SBP > 140 mmHg, DBP > 90
mmHg, or use of antihypertensive medications. Diabetes was assessed when participants
had 8-h fasting glucose levels > 126 mg/dL, were taking insulin, or had a medical diagnosis.
Hypertriglycerdemia was defined by triglyceride levels > 150 mg/dL, or use of triglyceride-
lowering medications. The type of physical activity was classified as active or non-active
considering the following criteria: doing mild or mid-strength physical activity for at least
five days a week for a minimum 30 min were coded as “active” and the others coded as “non-
active.” The smoking status of participants was classified as either a “smoker” who have
smoked more than five packs of cigarettes during the lifetime or as a “non-smoker” who
never have smoked.

Statistical analysis

Statistical analyses were performed using the SAS software (version 9.4, SAS Institute Inc.,
Cary, NC, USA). Values are reported as mean and standard error for continuous variables, and
percentages for categorical variables. Due to substantial differences in HGS by sex, data for
men and women were separated for further analysis. All analyses were performed as complex-
sampling analyses, and a domain code was assigned to a subgroup of interest to minimize
error estimates. The range of values for each HGS quartile was as follows: for NAFLD men,
first quartile (Q1): HGS < 1.19, second quartile (Q2): 1.19 < HGS < 1.40, third quartile (Q3):
1.40 < HGS < 1.61, and fourth quartile (Q4):1.61 < HGS. For NAFLD women, Q1: HGS < 0.65,
Q2: 0.65 < HG S< 0.78, Q3: 0.78 < HGS < 0.93, and Q4: 0.93 < HGS. For non-NAFLD men,
first quartile (Q1): HGS < 1.34, second quartile (Q2): 1.34 <HGS < 1.56, third quartile (Q3):
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1.56 < HGS < 1.80, and fourth quartile (Q4): 1.80 <HGS. For non-NAFLD women, Q1: HGS <
0.82, Q2: 0.82 < HG S< 0.98, Q3: 0.98 < HGS < 1.15, and Q4: 1.15 < HGS. Linear regression
analysis (PROC SURVEYREG) or chi-square test (PROC SURVEYFREQ) was conducted to test
the differences in variables among the quartile groups of HGS. Multivariate linear regression
models were designed and tested to characterize the association of energy nutrient intake
and quartile of HGS by accounting age, household income, education level, WC and physical
activity level. A logistic regression analysis was performed to estimate the odds ratio, 95%
confidence intervals (CIs), and p-values for the trend of risk of low muscle strength by the
level of total energy intake, in men and women separately, after adjusting for key covariates
including age, WC, physical activity, household income, and education level. Statistical
significance was set at p < 0.05.

RESULTS

Characteristics of study participants according to HGS

Patients with NAFLD and participants without NAFLD were separately grouped by quartiles
of HGS, and the prevalence of NAFLD was compared according to the quartiles of HGS
(Supplementary Tables 1and 2). The mean age of the study population at Q1 was 51.2 + 0.7
years and 56.3 + 0.6 years for men and women, respectively in NAFLD patients and 43.9 + 1.1
years and 59.2 + 1.0 years for men and women, respectively in participants without NAFLD.
The mean values of HGS at Q1, Q2, Q3, and Q4 were 1.02, 1.30, 1.50, and 1.77 for men, 0.52,
0.72, 0.85 and 1.05 for women, respectively in NAFLD patients, and 1.14, 1.46, 1.68, and 2.00
for men, 0.67, 0.90, 1.06 and 1.29 for women, respectively in participants without NAFLD.
Both NAFLD patients and non-NAFLD participants have shown a tendency of decrease in
mean BMI and WC from Q1 to Q4 (p < 0.0001 for all). The range of the ratio having diabetes,
hypertension, and hyperglyceridemia among Q1 to Q4 were 13.4-22.4%, 26.1-45.1%, 27.3—-
40.3% for men and 16.6-29.1%, 27.4-57.2%, 17.3-23.8% for women in NAFLD patients and
3.3-15.6%, 16.0-37.8%, 11.6-16.7% for men and 2.2-11.4%, 8.0-34.8%, 4.2-10.5% for women
in individuals without NAFLD. The distribution of household income and education level in
both NAFLD patients and participants without NAFLD differed according to quartiles of HGS.

Energy nutrient intake by participants

To investigate the association between HGS and energy intake in NAFLD, individuals with and
without NAFLD were separated by calculating the hepatic steatosis index score (Tables 1and
2). Total energy, protein and fat intake gradually increased as the quartile of HGS increased

in both men and women without NAFLD (p < 0.0001). In men without NAFLD, carbohydrate
intake was significantly increased by the HGS quartile (p = 0.0009). Energy intake from
alcohol consumption was significantly increased by HGS quartile in both men and women
(Table 1). In patients with NAFLD, the total energy and nutrient intake increased as the HGS
quartile increased (Table 2). The intake ratio of carbohydrates to total energy in men and
women in Q1 were 62.1% and 69.3%, respectively, while the ratios tended to decrease to 59.0%
and 63.7% in men and women in the highest HGS quartile. The intake ratio of protein to total
energy at Q1 were 14.7% and 13.3% in both men and women, respectively, while the intake
ratios of fat to total energy at Q1 were 19.4% and 15.8% in men and women, respectively.

The intake ratios of both protein (p < 0.0001) and fat (p = 0.0003) relative to the total energy
intake in women showed an increasing trend in a narrow range as the HGS quartile increased.
The energy obtained from alcohol consumption was not significantly different by HGS quartile
in men and women in the HGS quartile (Table 2).
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The quantitative association between energy intake and HGS in NAFLD
We examined the association between total energy intake and the sarcopenia index within
the same sex and HGS quartile (Table 3) by incorporating age as a covariate into the linear
regression model. In men without NAFLD, total energy intake was positively associated with
HGS (p < 0.0001). Women without NAFLD in the highest HGS quartiles had a higher energy
intake than those in the reference group (p = 0.0003). In patients with NAFLD, total energy
intake from the lowest HGS quartile to the highest HGS quartile was observed, but only in
men (p = 0.0228). When education level, household income, WC and physical activity were
incorporated to the regression model, the quantitative association between muscle strength
and energy intake in men with NAFLD remained significant (p = 0.0062). Carbohydrate and
fat intake were not significantly associated with HGS in men without NAFLD. Associations
between the same parameters in women without NAFLD disappeared in the regression
model adjusted for other covariates (Tables 4 and 5). In patients with NAFLD, a significantly

Table 3. Estimated change of total energy intake according to the quartile of HGS

Variables NAFLD Non-NAFLD
Men (n = 1,293) Women (n = 1,401) Men (n = 3,616) Women (n = 6,159)
Model IV
Q1 Ref? Ref Ref Ref
Q2 -109.0 (-248.1, 30.5) -18.4 (-134.0, 97.3) -58.9 (-146.5, 28.8) 3.3 (-52.8, 59.5)
Q3 -49.1(-195.8, 97.7) -34.1(-156.1, 88.0) -105.7 (-198.8, -12.5)" -292.8(~76.2, 30.5)
Q4 -298.7 (-378.5, -79.0)** -63.7 (-216.4, 89.0) -230.2 (-330.1, -130.3)*** -101.4 (-171.1, -60.1)**
p for trend 0.0228 0.8599 <0.0001 0.0003
Model 112
Q1 Ref Ref Ref Ref
Q2 -131.9 (-274.1, 10.3) -1.6 (-120.9, 117.7) -78.8 (-169.1, 11.6) -2.6 (-58.0, 52.9)
Q3 -99.5 (-243.8, 58.8) -7.2 (-134.7, 120.4) -121.5(-218.4, -24.5)" -926.4 (-81.3, 28.6)
Q4 -9269.4 (-421.5, ~117.4)"*" -9.0(-174.9, 156.8) -9234.9 (-341.8, -126.6)"*" -87.1 (-144.6, -29.6)™"
p for trend 0.0062 0.9993 0.0004 0.0094

HGS, handgrip strength; NAFLD, non-alcoholic fatty liver disease.

Beta coefficient with 95% confidence interval were shown. YModel I: adjusted for age, ?Model Il: Model | + education + household income + waist circumference

+ physical activity. For NAFLD men, first quartile (Q1): HGS < 1.19, second quartile (Q2): 1.19 < HGS < 1.40, third quartile (Q3): 1.40 < HGS < 1.61, and fourth
quartile (Q4):1.61 < HGS. For NAFLD women, Q1: HGS < 0.65, Q2: 0.65 < HGS< 0.78, Q3: 0.78 < HGS < 0.93, and Q4: 0.93 < HGS. For non-NAFLD men, first
quartile (Q1): HGS < 1.34, second quartile (Q2): 1.34 < HGS < 1.56, third quartile (Q3): 1.56 < HGS < 1.80, and fourth quartile (Q4): 1.80 < HGS. For non-NAFLD
women, Q1: HGS < 0.82, Q2: 0.82 < HG S< 0.98, Q3: 0.98 < HGS < 1.15, and Q4: 1.15 < HGS. ¥The lowest quartiles within same sex was used as a reference group.
*p <0.05, *"p < 0.01, ***p < 0.001 compared to reference group (Q1) within same sex.

Table 4. Carbohydrate intake ratio according to the quartile of HGS

Variables NAFLD Non-NAFLD
Men (n = 1,293) Women (n = 1,401) Men (n = 3,616) Women (n = 6,159)
Model IV
Q1 Ref? Ref Ref Ref
Q2 0.57 (-1.70, 2.85) -0.04 (~2.09, 2.02) -0.15 (-1.48, 1.18) 0.18 (-0.75, 1.11)
Q3 -0.74 (-2.99, 1.59) 1.19 (-0.89, 3.27) 0.05 (-1.33, 1.45) 0.91 (-0.46, 1.87)
Q4 2.75 (0.69, 4.82)* 2.18 (-0.07, 4.43) 1.25 (-0.22, 2.71) 1.95 (0.28, 2.21)"
p for trend 0.0046 0.1545 0.2379 0.0404
Model 112
Q1 Ref Ref Ref Ref
Q2 0.85 (-1.47, 3.17) -0.39 (-2.41, 1.62) 0.39(-0.96, 1.73) 0.10 (-0.83, 1.03)
Q3 -0.11 (-2.39, 2.16) 0.53 (-1.63, 2.69) 0.76 (-0.67, 2.20) 0.69 (-0.28, 1.67)
Q4 3.11(0.85, 5.37)* 0.84 (-1.52, 3.20) 1.96 (0.42, 3.49) 0.50 (-0.50, 1.49)
p for trend 0.0091 0.7183 0.0760 0.4984

HGS, handgrip strength; NAFLD, non-alcoholic fatty liver disease.
Beta coefficient with 95% confidence interval were shown. ?Model I: adjusted for age, ?Model II: Model | + education+ household income + waist circumference
+ physical activity. For NAFLD men, first quartile (Q1): HGS < 1.19, second quartile (Q2): 1.19 < HGS < 1.40, third quartile (Q3): 1.40 < HGS < 1.61, and fourth
quartile (Q4):1.61 < HGS. For NAFLD women, Q1: HGS < 0.65, Q2: 0.65 < HGS< 0.78, Q3: 0.78 < HGS < 0.93, and Q4: 0.93 < HGS. For non-NAFLD men, first

quartile (Q1): HGS < 1.34, second quartile (Q2): 1.34 < HGS < 1.56, third quartile (Q3): 1.56 < HGS < 1.80, and fourth quartile (Q4): 1.80 < HGS. For non-NAFLD
women, Q1: HGS < 0.82, Q2: 0.82 < HGS< 0.98, Q3: 0.98 < HGS < 1.15, and Q4: 1.15 < HGS. ®The lowest quartiles within same sex was used as a reference group.
“p < 0.05, **p < 0.01 compared to reference group (Q1) within same sex.
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Table 5. Estimated change of fat intake according to the quartile of HGS

Variables NAFLD Non-NAFLD
Men (n = 1,293) Women (n = 1,401) Men (n = 3,616) Women (n = 6,159)
Model IV
Q1 Ref? Ref Ref Ref
Q2 -0.14 (-1.64, 1.37) 0.13 (-1.38, 1.64) 0.09 (-0.34, 1.38) -0.25 (~1.00, 0.50)
Q3 0.76 (-0.86, 2.38) -0.29 (-1.81, 1.24) 0.43 (-0.52, 1.38) -1.10 (-1.86, -0.34)""
Q4 -1.49 (-2.93, -0.04)" -1.72 (-3.50, 0.07) -0.29 (-1.18, 0.60) -1.07 (-1.82, -0.33)**
p for trend 0.0264 0.1759 0.5176 0.0063
Model 112
Q1 Ref Ref Ref Ref
Q2 -0.32(-1.84, 1.19) 0.50 (-1.01, 2.00) -0.09 (-0.94, 0.75) -0.14 (-0.90, 0.62)
Q3 0.33(-1.27, 1.93) 0.44 (-1.09, 1.98) 0.25 (-0.72, 1.22) -0.83 (-1.62, -0.04)
Q4 -1.58 (-3.16, -0.01) -0.38 (~2.44, 2.05) -0.32(-1.27, 0.63) -0.32 (-1.10, 0.47)
p for trend 0.0769 0.7126 0.6933 0.1595

HGS, handgrip strength; NAFLD, non-alcoholic

fatty liver disease.

Beta coefficient with 95% confidence interval were shown. YModel I: adjusted for age, ?Model Il: Model | + education + household income + waist circumference

+ physical activity. For NAFLD men, first quartile (Q1): HGS < 1.19, second quartile (Q2): 1.19 < HGS < 1.40, third quartile (Q3): 1.40 < HGS < 1.61, and fourth
quartile (Q4):1.61 < HGS. For NAFLD women, Q1: HGS < 0.65, Q2: 0.65 < HGS < 0.78, Q3: 0.78 < HGS < 0.93, and Q4: 0.93 < HGS. For non-NAFLD men, first
quartile (Q1): HGS < 1.34, second quartile (Q2): 1.34 < HGS < 1.586, third quartile (Q3): 1.56 < HGS < 1.80, and fourth quartile (Q4): 1.80 < HGS. For non-NAFLD
women, Q1: HGS < 0.82, Q2: 0.82 < HGS < 0.98, Q3: 0.98 < HGS < 1.15, and Q4: 1.15 < HGS. ¥The lowest quartiles within same sex was used as a reference group.
“p < 0.05, **p < 0.01 compared to reference group (Q1) within same sex.

Table 6. Estimated change of protein intake according to the quartile of HGS

Variables NAFLD Non-NAFLD
Men (n = 1,293) Women (n = 1,401) Men (n = 3,616) Women (n = 6,159)
Model 1V
Q1 Ref? Ref Ref Ref
Q2 0.04 (-0.76, 0.84) -0.07 (-0.88, 0.74) 0.15 (-0.44, 0.74) -0.14 (-0.48, 0.20)
Q3 0.18 (-0.58, 0.95) -0.70 (~1.39, 0.00)" -0.19 (-0.67, 0.28) -0.24 (-0.58, 0.10)
Q4 -0.36 (-1.15, 0.43) -1.10 (-1.79, -0.41)** -0.52 (-0.99, -0.05) -0.49 (-0.87, -0.11)
p for trend 0.6375 0.0021 0.0391 0.0907
Model 112
Q1 Ref Ref Ref Ref
Q2 -0.06 (-0.83, 0.72) 0.06 (-0.75, 0.86) 0.05 (-0.54, 0.65) -0.07 (-0.41, 0.26)
Q3 0.00 (-0.78, 0.78) -0.50 (-1.23, 0.23) -0.32(-0.81, 0.17) -0.13 (-0.47, 0.21)
Q4 -0.67 (-1.53, -0.19) -0.73 (-1.48, 0.02) -0.62 (-1.11, -0.13 -0.17 (-0.56, 0.21)
p for trend 0.3761 0.0878 0.0295 0.8294

HGS, handgrip strength; NAFLD, non-alcoholic

fatty liver disease.

Beta coefficient with 95% confidence interval were shown. YModel I: adjusted for age, ?Model Il: Model | + education + household income + waist circumference

+ physical activity. For NAFLD men, first quartile (Q1): HGS < 1.19, second quartile (Q2): 1.19 < HGS < 1.40, third quartile (Q3): 1.40 < HGS < 1.61, and fourth
quartile (Q4):1.61 < HGS. For NAFLD women, Q1: HGS < 0.65, Q2: 0.65 < HGS < 0.78, Q3: 0.78 < HGS < 0.93, and Q4: 0.93 < HGS. For non-NAFLD men, first
quartile (Q1): HGS < 1.34, second quartile (Q2): 1.34 < HGS < 1.586, third quartile (Q3): 1.56 < HGS < 1.80, and fourth quartile (Q4): 1.80 < HGS. For non-NAFLD
women, Q1: HGS < 0.82, Q2: 0.82 < HGS < 0.98, Q3: 0.98 < HGS < 1.15, and Q4: 1.15 < HGS. *The lowest quartiles within same sex was used as a reference group.
“p < 0.05, **p < 0.01 compared to reference group (Q1) within same sex.
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negative association between carbohydrate intake and HGS and fat intake and HGS was

observed only in men, and the association remained after education level, household

income, WC and physical activity were adjusted. Protein intake was associated with HGS
only in women with NAFLD (p = 0.0021), but the significance disappeared after the addition
of education level, household income, WC and physical activity to the regression model.

No significant association was found in men with NAFLD. In participants without NAFLD,
protein levels were not significantly associated with HGS in either men or women (Table 6).

Relative risk of low muscle strength according to energy intake in NAFLD
Because the quartile of HGS was associated with the change in total energy intake in both
men and women, we further examined the risk of weak HGS, as predicted by the quartile

level of total energy intake. When energy intake and HGS were stratified by quartiles,
energy intake showed a strong positive relationship with HGS in men and women without

https://doi.org/10.4163/jnh.2022.55.6.684
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NAFLD (p < 0.0001; Fig. 2). In patients with NAFLD, the association was significant only in
men (p = 0.0062), and the trends of the association was not significant in women (Fig. 2).
Table 7 shows the odds ratio for the risk of falling in the lowest quartile of HGS in men and
women based on the quartile scale of total energy intake. A higher total energy intake was
associated with a lower risk of weak muscle strength (Q1) only in men with NAFLD (odds
ratio [OR] for the lowest quartile, 0.56; 95% CI, 0.41-0.78; p for trend = 0.0036). Age and
other covariates were further adjusted in the model, and the association between the total
energy intake and the prevalence of falling in the weakest HGS quartile with low energy
intake was still significant in men (OR for the highest quartile, 0.58; 95% CI, 0.42-0.81; p
for trend = 0.0160). No association was observed between the quartile scale of energy intake
and the risk of weak HGS in women with NAFLD (Table 7). The association between the total
energy intake and the risk of weak HGS was significant at all levels of energy intake in men
and women without NAFLD, with OR for the highest quartile, 0.47 (95% CI, 0.38-0.58; p <
0.0001) and 0.62 (95% CI, 0.53-0.72; p < 0.0001), respectively, and the significance of the
association remained after adjusting for other covariates (Table 7).

p = 0.0062 Men-NAFLD p <0.0001 Men-non NAFLD
100
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10
0 ; ; .
EQ1 EQ1 EQ2 EQ3 EQ4
mQl mWQ2 mQ3 mQ4 mQl mWQ2 WQ3 mQ4
p = 0.2412 Women-NAFLD p <0.0001 Women-non NAFLD

mQl

100 ~
90 -
80 -
70 4
60 -
50 -
40
30 4
20
10 A
0 -1 T T T
EQ1 EQ2 EQ3 EQ4

mQ2 mQ3 mQ4 mQl mQ2 mQ3 mQ4

Fig. 2. Prevalence of low muscle strength according to energy intake in healthy participants and patients with NAFLD.

Energy intake and HGS was stratified by quartile scale and analyzed their association. The energy intake showed a strong negative relationship with HGS in men
with NAFLD and men and women without NAFLD.

NAFLD, non-alcoholic fatty liver disease; HGS, handgrip strength.
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Table 7. Adjusted ORs with 95% Cls of low muscle function by quartile of total energy intake

Variables

NAFLD

Non-NAFLD

Men (n = 1,293)

Women (n = 1,401)

Men (n = 3,616)

Women (n = 6,159)

Model IV

EQ1

EQ2

EQ3

EQ4

p for trend
Model 112

EQ1

EQ2

EQ3

EQ4

p for trend
Model 11¥

EQ1

EQ2

EQ3

EQ4

p for trend

1.00
0.80 (0.54, 1.06)
0.61 (0.44, 0.85)
0.56 (0.41, 0.78)"
0.0036

1.00
0.78 (0.55, 1.08)
0.62 (0.44, 0.87)
0.58 (0.42, 0.81)"
<0.0001

1.00
0.87 (0.62, 1.23)
0.73 (0.52, 1.03)
0.60 (0.43, 0.83)""
0.0160

1.00
0.81 (0.61, 1.07)
0.78 (0.57, 1.06)
0.65 (0.47, 0.88)
0.0519

1.00
0.82 (0.62, 1.10)
0.79 (0.58, 1.07)
0.77 (0.56, 1.06)
0.3399

1.00
0.87 (0.65, 1.18)
0.94 (0.68, 1.30)
0.87 (0.63, 1.21)

1.00
0.67 (0.56, 0.81)
0.59 (0.48, 0.72)
0.47(0.38, 0.58)"*"
<0.0001

1.00
0.71 (0.59, 0.86)
0.68 (0.55, 0.83)
0.60 (0.49, 0.74)*
<0.0001

1.00
0.72 (0.59, 0.88)
0.68 (0.55, 0.84)
0.60 (0.49, 0.75)*

1.00
0.82 (0.70, 0.96)
0.66 (0.57, 0.77)*
0.62 (0.53, 0.72)"*
<0.0001

1.00
0.84 (0.72, 0.98)
0.72 (0.62, 0.83)™*
0.76 (0.65, 0.89)
<0.0001

1.00
0.90 (0.77, 1.06)
0.80 (0.69, 0.93)
0.80 (0.68, 0.94)

0.7780 <0.0001 0.0080

OR, odds ratio; Cl, confidence interval; NAFLD, non-alcoholic fatty liver disease.

OR with 95% CI were shown. YModel I: no adjustment, ?Model II: adjusted for age, ¥Model Ill: Model | + education + household income + waist circumference +
physical activity. Total energy intake was categorized into quartile scale; for NAFLD men, first quartile (EQ1): total energy intake < 1,662.2 kcal, second quartile
(EQ2): 1,662.2 kcal < total energy intake < 2,180.3 kcal, third quartile (EQ3): 2,180.3 kcal < total energy intake < 2,741.3 kcal, fourth quartile (EQ4): 2,741.3
kcal < total energy intake, for women, EQ1: total energy intake < 1,187.8 kcal, EQ2: 1,187.8 kcal < total energy intake < 1,532.7 kcal, EQ3: 1,532.7 kcal < total
energy intake < 2,009.5 kcal, EQ4: 2,009.5 kcal < total energy intake, for non-NAFLD men, first quartile (EQ1): total energy intake < 1,638.6 kcal, second quartile
(EQ2): 1,638.6 kcal < total energy intake < 2,115.0 kcal, third quartile (EQ3): 2,115.0 kcal < total energy intake < 2,700.6 kcal, fourth quartile (EQ4): 2,700.6
kcal < total energy intake, for non-NAFLD women, EQ1: total energy intake < 1,235.7 kcal, EQ2: 1,235.7 kcal < total energy intake < 1,601.9 kcal, EQ3: 1,601.9
kcal < total energy intake < 2,051.7 kcal, EQ4: 2,051.7 kcal < total energy intake.

*p < 0.05, **p < 0.01, **p < 0.001 compared to reference group of total energy intake (EQ1) within same sex or total subjects.

https://e-jnh.org

DISCUSSION

In this study, energy intake was associated with increased HGS in healthy individuals who did
not have NAFLD, the reference group that we used. Total energy intake and major nutrient
intake had a weak or no linear relationship with muscle strength in patients with NAFLD,
while a significant linear relationship existed in healthy individuals. In the logistic regression
model, after adjusting for age and other covariates, energy intake was positively associated
with HGS in patients with NAFLD. In addition, trends of a higher prevalence of weak muscle
strength due to low energy intake in patients with NAFLD were more pronounced in men.

Previous epidemiological and intervention studies have reported a relationship between
nutrient intakes and muscle mass and strength [12-14,16,17]. These studies have investigated
the effects of single nutrients mainly proteins and other micronutrients, on muscle
parameters. However, these studies could not monitor the whole diet of their participants
and yielded inconclusive results [27,28]. Total energy intake, which may reflect the overall
food intake status, has been shown to a strong relationship with muscle mass and strength
[8,16,17]. For example, decreased energy intake is related to the risk of malnutrition or
undernutrition, which has been reported to be strongly associated with low walk speed

and low HGS [16]. In the current study, only total energy intake showed a significant linear
relationship with HGS in patients with NAFLD. No individual macronutrients were found

to be associated with HGS. Carbohydrate and fat intake showed a linear relationship but

this association was not reproduced in the analysis based on the category of intake amount.
Protein intake was not associated with HGS in patients with NAFLD in this study. Although
the benefit of adequate protein intake has received considerable attention owing to its ability
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to stimulate skeletal protein synthesis and contribute to muscle integrity [29,30], studies
on protein intake and frailty have revealed conflicting results. Several studies have reported
inverse associations between protein intake (adjusted for energy intake) and frailty [13,31],
whereas some other studies, no such association was found [12]. In line with our findings,
studies suggest that higher energy intake, but not protein intake specifically, is associated
with less frailty, as assessed by muscle weakness, slowness, and fatigue [13,32]. In addition,
inadequate energy intake rather than low protein intake was associated with sarcopenia in
Japanese patients with diabetes aged 65 years and older [17]. The link between low energy
intake and low muscle strength can be explained by the relationship between energy intake
and muscle metabolism; energy restriction causes the breakdown of muscle protein to
compensate for the deficit of energy consumption [33]. In this study, the range of protein
intake of the participants was 15-25% and nearly met the recommended level or the level
that was previously proven to be beneficial to health. Clinical trials have shown that protein
intake has a beneficial effect on the course of NAFLD and attenuates NASH development
[34]. A study which investigated overweight adults reported that moderate protein intake of
up to 25% of the total calories had a positive influence on weight loss and insulin sensitivity
[35]. Hence, the nutritional intake of NAFLD should be adequate and adjusted to maintain
optimal metabolism. Guidelines published by American Association for the Study of

Liver Diseases recommended low-energy intake for NAFLD, partially for weight-loss [23].
However, based on the previous and current findings of a higher prevalence of low muscle
mass and strength in NAFLD, practicing low energy intake for patients with NAFLD should
be cautiously approached and the risks due to an energy-restricted diet among NAFLD should
be recognized.

The results of this study showed that the association between energy intake and HGS was
significant only in men. Based on the results of this study, women tended to consume a
higher percentage of energy from carbohydrates than men who had consumed carbohydrates
within the acceptable macronutrient distribution ranges of the Dietary Reference Intakes for
Koreans [36]. The tendency toward a high carbohydrate intake ratio rather than a balanced
low-calorie diet may shadow the effect of energy intake or a certain diet on health outcomes,
including HGS. In addition, the gender-specific findings of this study are in line with the data
of our previous study, which revealed that the association between skeletal muscle mass and
total energy intake in men was more pronounced than that in women [8]. In addition, studies
on Chinese and Korean populations revealed that the beneficial effects of a Mediterranean
diet or vegetable-oriented diet on skeletal muscle mass were more favorable in men than in
women [37,38].

In this study we measured the HGS as a functional indicator of muscle strength. Grip
strength measurement is a quick test and a well validated tool to predict frailty as a surrogate
measure of body strength. The recently updated guidelines from the European Working
Group on Sarcopenia in Older People suggested muscle strength as the key characteristic

of sarcopenia and the main parameter for its diagnosis [19]. In addition, nutritional status
including nutritional screening, commonly involves the measurement of muscle quality in
patients with NAFLD as well as healthy individuals. Weak muscle strength predicted fracture,
falling, cardiovascular disease, and all-cause mortality more precisely than low skeletal
mass [21]. In the current study, muscle strength was inversely associated with the prevalence
of NAFLD regardless of age. Such an inverse relationship between HGS and BMI observed

in this study seems paradoxical because BMI, in many cases of nutritional epidemiology,
reflects long-term energy intake. However, BMI seems to be a poor indicator of muscle
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strength, probably because it does not reflect body composition. This aspect is particularly
relevant to this study because the age distribution of the participants was skewed to 50 years
and older; these age groups typically experience declines in both height and muscle mass that
occur with age [12,13,16]. Although older age was significantly related to low muscle strength
and function, adjustment for age could not modulate the association between HGS and
energy intake in this study. This finding can be explained in part by age-related changes in
metabolic, hormonal, and inflammatory factors that affect muscle loss, leading to anabolic
resistance and loss of muscle mass [3,29].

Our study had several limitations. Because of the cross-sectional nature of the current study,
causality between energy intake and HGS in patients with NAFLD could not be determined.
In addition, the data of patients with NAFLD from a nationwide survey could be different
from the phenomena observed in a clinical setting, and a single 24-h dietary recall may not
support an estimate of a long-term habitual diet. With the current KNHANES data, we could
not confirm whether the association between energy intake and HGS in both patients with
NAFLD and healthy individuals is independent of muscle mass; the KNHANES data used in
this study only provided HGS without information on skeletal muscle mass. Nevertheless,
accumulating evidence [2,19] suggests that alterations in muscle strength are correlated with
changes in muscle strength and function. Taken together with our recent study, changes

in skeletal muscle may mediate the association between total energy intake and muscle
strength. Finally, energy requirement based on the daily physical activity level of participants
should have been incorporated into the estimation of total energy intake in this study.
Although physical activity level through exercise was incorporated in both linear and logistic
regression models in this study, information regarding the daily physical activity of study
participants was limited to the KNHANES data. Hence, the data from this nation-wide survey
need to be further validated with a study investigating participants' physical activity in detail
and a longitudinal prospective study in the future.

SUMMARY

We demonstrated an association between energy intake and HGS in Korean patients with
NAFLD from a nationwide survey of the Korean population. As in healthy non-NAFLD
participants, low energy intake was significantly associated with an increased prevalence
of weak muscle strength in patients with NAFLD, independent of age and other covariates,
and this association was more prominent in men than in women. This finding needs to be
confirmed by further investigations using prospective design to assess the possible causal
relationship between energy intake and muscle strength in NAFLD. In addition, nutritional
assessment and intervention for patients with NAFLD need to be considered multilaterally,
especially for individuals who are lean or experience muscle loss.

SUPPLEMENTARY MATERIALS
Supplementary Table 1
Characteristics of participants without non-alcoholic fatty liver disease according to the

quartile of HGS

Click here to view
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Supplementary Table 2
Characteristics of non-alcoholic fatty liver disease patients according to the quartile of HGS

Click here to view
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