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Abstract

Background: Obesity is associated with an increased risk of developing

cirrhosis. However, body mass index (BMI) and waist-to-hip ratio (WHR) may

not be indicative of body composition parameters that predispose to

cirrhosis. Bioimpedance analysis (BIA) is a noninvasive cost-efficient

method for more detailed estimation of body composition.

Methods: We examined patients with cirrhosis who underwent BIA as part

of enrollment into a prospective cohort study. We examined the correlation

between BIA variables, BMI, and WHR. We performed sex-adjusted and

race-adjusted and race-specific multivariable logistic regression analyses to

examine the association between anthropometric variables and risk factors

[NAFLD, alcohol-associated liver disease (ALD), and HCV].

Results: We analyzed data from 348 cirrhosis patients; 23.3% were women;

48.3% were non-Hispanic White; 19.3% were Hispanic; and 30.7% were

African American. The cirrhosis etiology was 21.8% NAFLD, 56.9% HCV

mostly cured, and 11.5% ALD. Several BIA variables correlated well with

BMI, and others showed modest correlations, but none correlated well with

WHR. Higher body fat mass and basal metabolic rate were positively asso-

ciated, while higher lean body mass, dry lean mass, total body water, or

skeletal muscle mass were negatively associated with NAFLD. Associations

between these BIA parameters and ALD-related cirrhosis were in the opposite

direction. These associations of BIA variables were seen only in Hispanic and

non-Hispanic White patients but not non-Hispanic Blacks. BIA variables were

more predictive of cirrhosis etiology than BMI or WHR.

Conclusions: Among patients with cirrhosis, several BIA-derived meas-

urements indicative of body fat and muscle are associated with NAFLD

Abbreviations: ALD, alcohol-associated liver disease; BIA, bioimpedance analysis; BMI, body mass index; CPT, Child-Pugh-Turcotte; LI-RADS, Liver Reporting &
Data System; MELD, Model for End-Stage Liver Disease; NA, not available; NH, non-Hispanic; THCCC, Texas Hepatocellular Carcinoma Consortium Cohort; WHR,
waist-to-hip ratio.
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and ALD etiology. BIA variables show stronger associations, as well as

race/ethnicity-specific associations, with cirrhosis etiology than those of

BMI or WHR.

INTRODUCTION

In the United States, HCC-related mortality has remark-
ably increased during the past 3 decades.[1] Most HCC
cases arise in people with cirrhosis. Obesity defined by
high bodymass index (BMI) or waist-to-hip ratio (WHR) is
a major component of metabolic syndrome, which has
been associated with an increased risk of developing
NAFLD-related cirrhosis and HCC, as well as increased
risk of progression and decompensation of HCV, HBV,
and alcohol-associated liver disease (ALD).[2–5] How-
ever, given that two third of adults in the United States
have BMI >25, it is important to identify additional and
more precise biomarkers of metabolic dysfunction that
can refine risk stratification and prognosis among
patients with chronic liver disease.

BMI and WHR have limitations as risk stratification
markers. Specifically, they may not be indicative of body
composition parameters, such as the amount and
distribution of fat and muscle mass, which may
predispose to advanced liver disease.[6] For example,
several studies described a significant correlation
between NAFLD and low muscle mass and/or high
visceral fat mass.[7] However, these studies were
conducted in mostly Asian cohorts,[7] and therefore,
there is little information on the associations between
these detailed anthropometric measures and advanced
liver disease in Western populations. Furthermore, no
study has compared anthropometric measures other
than BMI and waist circumference in adults with
different etiologies of advanced liver disease (eg,
NAFLD and HCV). Last, there are major racial/ethnic
differences in the risk of developing cirrhosis and HCC
among patients with HCV or NAFLD in the United
States, with Hispanics having the highest risk, followed
by non-Hispanic Whites and non-Hispanic Blacks. It
remains unclear whether the association between
anthropometric measurements and risk of cirrhosis
differs among the major racial/ethnic groups.

Bioimpedance refers to the property of biological
tissues to impede an alternating electrical current.
Bioimpedance analysis (BIA) is a noninvasive, valid,
and cost-efficient method for estimating body composi-
tion by measuring resistance and reactance.[8] In BIA, a
fixed, low-voltage, high-frequency alternating current is
introduced into the body to assess the body electrical
conductivity and resistance. The body is modeled as 5
cylindrical compartments: the trunk and the four limbs.
The impedance is proportional to the height and inversely

proportional to the cross-sectional area of each compart-
ment. Impedance is used to estimate muscle, fat, and
water. Several studies focused on BIA measures as a
prognostic factor in cirrhosis,[9–13] but none examined the
other BIA-detailed parameters as risk determinants for
developing advanced liver disease.[14,15]

The aim of this study is to examine the association
between BIA-derived and traditional (BMI, WHR)
anthropometric variables and the underlying etiological
risk factors in a large prospective cohort of patients with
cirrhosis. We examined these associations accounting
for differences in race and sex.

METHODS

Study population

We examined patients with cirrhosis recruited from 2 sites
(Baylor College of Medicine and Michael E. DeBakey VA
Medical Center in Houston) of the Texas Hepatocellular
Carcinoma Consortium (THCCC).[16,17] Patients in these 2
sites underwent BIA during the baseline recruitment visit
between December 2016 and March 2022. Patients were
scheduled for 6- to 12-month follow-up visits as part of
clinical care and followed until HCC diagnosis, liver
transplantation, or death through October 2022. Potential
participants were identified in the weekly screening of
scheduled patients. During the clinic visit, the study
coordinators verified eligibility criteria, presented the study
informed consent, and collected study data and speci-
mens. Among 1067 enrolled patients, most (n = 719) did
not have BIA performed due to patient burden and
coordinator availability, and 403 (37.77%) agreed to have
BIA performed. Among those who agreed to have BIA, we
did not perform BIA in 55 (5.15%) patients who could not
remove their socks and had amputations or pacemakers.
We used 2 different BIA machines: an Inbody 520 from
December 2016 to March 2021 for 194 patients at the
Michael E. DeBakey VA Medical Center and an Inbody
570 from May 2018 to March 2022 for 154 patients at the
Baylor College of Medicine and the Michael E. DeBakey
VA Medical Center. Both these machines employ direct
segmental multifrequency BIA technology to measure
body segments. The variable outputs from these 2 BIA
models are listed in Supplemental Table S1 (http://links.
lww.com/HC9/A509). The research was conducted in
accordance with both the Declarations of Helsinki and
Istanbul. The research was approved by the Baylor
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College of Medicine IRB, and written consent was given
by all patients to conduct this research.

Study variables

Cirrhosis was defined as a diagnosis based on histopa-
thology, radiology, elastography, or serum markers of
hepatic fibrosis (Fibrosis-4, aspartate aminotransferase to
platelet ratio index, or FibroTest/FibroSure). Patients with
uncontrolled hepatic decompensation, primary nonhepatic
cancer, or a history of HCC were excluded. We used a
validated survey to ascertain alcohol use that classified
alcohol use status as lifetime abstention (never), former
light to moderate use, former heavy use, current light to
moderate, and current heavy use, as defined by the
Centers for Disease Control and Prevention. We defined
ALD based on a combination of clinician-recorded
diagnoses of ALD and patients’ self-report of former heavy
(8 or more alcoholic beverages per week for women or 15
or more alcoholic beverages per week for men) or any
current use of alcohol. The diagnosis of NAFLD requires
documentation of hepatic steatosis on liver histology or
imaging. Given that hepatic steatosis cannot be reliably
ascertained in the clinical setting of liver cirrhosis, we
defined NAFLD as the possible etiology of cirrhosis for
patients without HCV (active/untreated or resolved HCV),
HBV, ALD, or other clinician-documented etiologies (such
as autoimmune hepatitis, primary biliary cholangitis,
primary sclerosing cholangitis, hereditary hemochromato-
sis, Wilson’s disease, and a few patients who were
classified as having cryptogenic cirrhosis). Most (>90%)
patients classified as NAFLD under this definition also had
a clinician-recorded diagnosis of NAFLD. We defined
diabetes and hypertension based on the patient’s medical
history or treatment with diabetes medications or anti-
hypertensives (survey or electronic medical records). HCV
status was defined as negative, positive, or resolved based
on laboratory values of positive HCVRNA (active), positive
HCV antibodies with negative RNA (resolved), or negative
antibodies and HCV RNA.

HCC was defined by the presence of a Liver
Reporting & Data System (LI-RADS) LI-RAD 5 lesion
during an imaging evaluation, a formal diagnosis by the
site’s local multidisciplinary tumor board, or confirmation
by biopsy. Subjects who were diagnosed with HCC
within 30 days of their enrollment date were excluded
from the analysis.

Statistical analysis

We converted all BIA-derived variables to standard
form—variables were rescaled to have a mean of 0 and
a SD of 1. This approach transformed BIA-derived
variables into an identical scale making them simpler to
compare and interpret. For variables with significant

associations, we examined the tertile form of the
variable. We then compared BIA-derived variables
between groups of patients with cirrhosis defined based
on the main 3 etiological risk factors (NAFLD, ALD, and
HCV). We also compared these variables between
patients with active HCV and cured HCV. We then
compared these variables by age, sex, and major racial/
ethnic groups (non-Hispanic Whites, non-Hispanic
Blacks, and Hispanics) using the t test and ANOVA
test. We performed multivariable logistic regression
analyses to examine the association between BIA
variables and each of the etiological risk factors
adjusted for sex and race. We also conducted main
analyses in a subgroup limited to patients without a
history of hepatic decompensation.

RESULTS

We analyzed data from 348 patients with cirrhosis
(Table 1). The mean age of patients was 62.7 years
(SD, 8.5); 23.3% were women. The racial and ethnic
distribution was 168 (48.3%) non-Hispanic White, 67
(19.3%) Hispanics, 107 (30.7%) non-Hispanic Blacks,
and 6 patients (1.7%) belonging to other racial groups.
Cirrhosis etiology at the time of enrollment was active
HCV in 15 (4.3%), resolved HCV in 183 (52.6%),
NAFLD in 76 (21.8%), ALD in 40 (11.5%), and other

TABLE 1 Characteristics of study population (N = 348)

n (%) or Mean±SD

Age 62.73±8.54

Age

<55 45 (12.93)

55 to <65 144 (41.38)

65+ 159 (45.69)

Sex

Female 81 (23.28)

Male 267 (76.72)

Race and ethnicity

NH-White 168 (48.28)

NH-Black 107 (30.75)

Hispanic 67 (19.25)

Others 6 (1.72)

BMI 29.43±5.56

WHR 0.99±0.06

MELD score 9.05±2.73

CPT score 5.54±1.15

Platelet counts 151.13±72.09

History of decompensation

No 295 (84.77)

Yes 53 (15.23)

Abbreviations: BMI, body mass index; CPT, Child-Pugh-Turcotte; MELD, Model
for End-Stage Liver Disease; NH, non-Hispanic; WHR, waist-to-hip ratio.
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etiologies in 34 (9.8%) patients. During a follow-up, 24
patients developed HCC.

BMI was slightly higher in patients with NAFLD than
those without (30.50 vs. 29.07, respectively, p =
0.0347) and lower in those with ALD than those without
(28.54 vs. 30.05, respectively, p = 0.0127). There were
no significant differences in WHR according to HCV,
ALD, NAFLD, or HCC status (Table 2).

There was a strong correlation between calculated
BMI and BIA-measured body fat mass (total, each arm,
and each leg) with correlation coefficients ranging
between 0.81 and 0.93 and a modest correlation
between calculated BMI and BIA-measured lean body
mass with coefficients between 0.28 and 0.39 (Figure 1
and Supplemental Table S2, http://links.lww.com/HC9/
A509). In contrast, WHR had weak or no correlation
with BIA measurements (Figure 1 and Supplemental
Table S2, http://links.lww.com/HC9/A509). Therefore,
examining BIA variables could yield different associa-
tions with cirrhosis etiology than those of WHR.

There were significant associations between sex and
WHR, as well as most BIA variables. WHR, skeletal
muscle mass, lean body mass, and dry lean mass were
higher in men than women, whereas body fat mass and
visceral fat area were higher in women (Supplemental
Table S3, http://links.lww.com/HC9/A509). While there
were no significant differences in BMI or WHR among
the different racial groups, significant differences were
detected for BIA variables. Compared with non-
Hispanic Whites, Hispanics had lower BIA-measured
lean body mass (overall, trunk, each arm, and each leg)
and lower dry lean mass and skeletal muscle mass but
higher body fat mass overall or in legs or arms
(Supplemental Table S4, http://links.lww.com/HC9/
A509). Conversely, non-Hispanic Blacks had higher
lean body mass (overall, trunk, both arms, and both
legs), dry lean mass, and skeletal muscle mass than
non-Hispanic Whites. There were no significant asso-
ciations between most BIA variables and age. There-
fore, we adjusted the main analysis for sex and race/
ethnicity and also presented sex-specific and race-
specific associations.

Of the 16 BIA variables examined, higher body fat
mass and higher basal metabolic rate were positively
associated with NAFLD-related cirrhosis, whereas
higher lean body mass (both arms, both legs, and
trunk), higher dry lean mass, higher total body water,
and higher skeletal muscle mass were negatively
associated with NAFLD. However, after adjusting for
sex and race, only the association with higher basal
metabolic rate and NAFLD remained statistically sig-
nificant (Table 2). Table 2 displays the ORs of BIA-
derived measurements as continuous variables that are
standardized or rescaled to have a mean of 0 and a SD
of 1. For example, the adjusted OR associated with
basal metabolic rate was 1.50 (95% CI: 1.08–2.08); this
can be interpreted as each increase of 1 SD in basal

metabolic rate is associated 50% increase in the odds
of having NAFLD-related cirrhosis relative to having
another cirrhosis etiology. Examining BIA variables in
tertiles confirmed the association but also showed
significant sex-adjusted and race-adjusted associations
between total body fat mass in addition to basal
metabolic rate and NAFLD. Among patients with
cirrhosis, total body fat mass in the second and third
tertiles was associated with an increase in the risk of
having NAFLD with sex-adjusted and race-adjusted
ORs of 3.55 (95% CI: 1.02–12.42) and 1.30 (95% CI:
0.40–4.23), respectively, compared with the lowest
tertile. Race-specific associations in non-Hispanic
Whites showed significant positive associations with
total body fat mass and basal metabolic rate, and
negative associations with lean body mass (total and in
each leg), dry lean mass, and total body water
(Table 3). Among Hispanics, NAFLD-related cirrhosis
was positively associated with basal metabolic rate and
negatively with lean body mass. There were no
significant associations between BMI, WHR, or any
BIA variables and NAFLD cirrhosis among non-
Hispanic Black patients with cirrhosis. For example,
among non-Hispanic Whites, the OR for the highest
tertile group was 2.90 (95% CI: 1.18–7.13), and this is
interpreted as individuals in the highest tertile of BIA-
measured body fat mass had about 2.9 times the odd of
having NAFLD-related cirrhosis compared with those in
the lowest tertile. In contrast, there was no significant
difference observed among non-Hispanic Blacks and a
smaller difference among Hispanics.

The associations between BIA parameters and ALD-
related cirrhosis were generally in the opposite direction
to those of NAFLD-related cirrhosis (Table 3). Sex-
adjusted and race-adjusted models showed that higher
body fat mass, higher basal metabolic rate, higher
skeletal muscle mass, higher visceral fat surface area,
higher body fat mass of both arms, and legs were less
likely to be associated with ALD (Table 2). For example,
an increase in 1 SD in body fat mass of the right arm
was associated with 50% lower odds of having ALD
(adjusted OR = 0.50, 95% CI: 0.28–0.89). Race-
specific associations showed stronger associations
between BIA-related variables and ALD in non-Hispanic
Whites but weaker associations among Hispanics and
no significant associations among non-Hispanic Blacks
(Table 4).

Patients with cirrhosis and active or cured HCV had
lower body fat mass, lower basal metabolic rate, higher
total body water, and higher lean body mass (overall,
each arm, each leg, and trunk) than patients without
HCV, but these differences were mitigated after
accounting for sex and race (Table 2). These
associations were seen in non-Hispanic Whites and
Hispanics, but there were no significant associations
between BIA and HCV status among non-Hispanic
Blacks (Table 5).
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TABLE 2 Association between bioimpedance variables [standardized (mean = 0, SD = 1) variables] in subjects with cirrhosis and the presence of NAFLD-related, alcohol-associated liver
disease (ALD)-related, and HCV-related cirrhosis

NAFLD ALD HCV

Bioimpedance variables Crude OR (95% CI) Adjusteda OR (95% CI) Crude OR (95% CI) Adjusteda OR (95% CI) Crude OR (95% CI) Adjusteda OR (95% CI)

Body fat mass (n = 348) 1.35 (1.06–1.71) 1.19 (0.91–1.55) 0.69 (0.55–0.87) 0.73 (0.57–0.93) 0.74 (0.59–0.92) 0.83 (0.65–1.06)

Lean body mass (n = 346) 0.53 (0.41–0.69) 1.14 (0.76–1.71) 1.56 (1.24–1.97) 0.98 (0.72–1.35) 1.70 (1.35–2.14) 1.00 (0.71–1.42)

Dry lean mass (n = 346) 0.53 (0.41–0.69) 1.10 (0.74–1.63) 1.57 (1.24–1.97) 1.01 (0.75–1.38) 1.69 (1.34–2.13) 0.99 (0.70–1.39)

Total body water (n = 348) 0.54 (0.41–0.70) 1.16 (0.77–1.74) 1.56 (1.24–1.96) 0.96 (0.70–1.32) 1.70 (1.35–2.15) 1.00 (0.71–1.42)

Lean body mass of right arm (n = 346) 0.60 (0.41–0.90) 1.08 (0.83–1.42) 1.14 (0.92–1.42) 0.84 (0.65–1.10) 1.40 (1.05–1.87) 0.98 (0.77–1.26)

Lean body mass of left arm (n = 346) 0.52 (0.40–0.68) 1.06 (0.72–1.56) 1.42 (1.13–1.77) 0.85 (0.62–1.15) 1.76 (1.40–2.23) 1.09 (0.78–1.52)

Lean body mass of trunk (n = 346) 0.54 (0.41–0.71) 1.09 (0.75–1.58) 1.36 (1.09–1.70) 0.82 (0.61–1.11) 1.67 (1.33–2.11) 1.02 (0.74–1.41)

Lean body mass of right leg (n = 346) 0.56 (0.41–0.76) 1.17 (0.85–1.60) 1.45 (1.14–1.86) 0.95 (0.72–1.26) 1.68 (1.29–2.18) 1.03 (0.77–1.38)

Lean body mass of left leg (n = 346) 0.51 (0.38–0.68) 1.04 (0.73–1.48) 1.68 (1.30–2.15) 1.13 (0.84–1.52) 1.77 (1.37–2.27) 1.07 (0.78–1.46)

Basal metabolic rate (n = 311) 1.62 (1.23–2.12) 1.50 (1.08–2.08) 0.57 (0.45–0.72) 0.61 (0.48–0.78) 0.50 (0.39–0.64) 0.54 (0.41–0.70)

Skeletal muscle mass (n = 154) 0.56 (0.39–0.80) 1.06 (0.58–1.94) 1.43 (0.97–2.12) 0.44 (0.20–0.93) 1.30 (0.93–1.82) 0.87 (0.48–1.58)

Visceral fat surface area (n = 154) 1.25 (0.90–1.73) 0.99 (0.68–1.43) 0.53 (0.36–0.79) 0.60 (0.39–0.92) 0.85 (0.61–1.18) 0.98 (0.68–1.40)

Body fat mass of right arm (n = 154) 1.21 (0.88–1.67) 1.06 (0.74–1.51) 0.43 (0.24–0.77) 0.50 (0.28–0.89) 0.76 (0.53–1.10) 0.83 (0.57–1.21)

Body fat mass of left arm (n = 154) 1.20 (0.87–1.66) 1.06 (0.74–1.50) 0.44 (0.24–0.78) 0.51 (0.29–0.91) 0.75 (0.52–1.09) 0.83 (0.57–1.21)

Body fat mass of right leg (n = 154) 1.34 (0.97–1.85) 1.08 (0.75–1.56) 0.49 (0.30–0.79) 0.57 (0.34–0.96) 0.77 (0.54–1.09) 0.88 (0.61–1.28)

Body fat mass of left leg (n = 154) 1.33 (0.96–1.84) 1.07 (0.74–1.54) 0.48 (0.30–0.78) 0.57 (0.34–0.96) 0.78 (0.55–1.10) 0.89 (0.61–1.29)

Body mass index 1.29 (1.02–1.64) 1.23 (0.94–1.60) 0.75 (0.60–0.94) 0.74 (0.58–0.94) 0.82 (0.66–1.01) 0.87 (0.68–1.10)

Waist-to-hip ratio 0.94 (0.73–1.22) 1.22 (0.90–1.65) 0.98 (0.78–1.22) 0.81 (0.63–1.03) 1.01 (0.81–1.25) 0.81 (0.62–1.06)

Note: p<0.05.
aAdjusted for sex and race.
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We have repeated the main analyses excluding 53
patients (15.2% of the study cohort) with any history of
decompensation. The main findings did not change;
data were not shown.

DISCUSSION

In this study of patients with cirrhosis, we examined the
association between BIA measurements with the
underlying etiology of cirrhosis, correlated the BIA
findings with BMI and WHR, and evaluated these
associations in different racial/ethnic groups. The major
findings are given as follows: (1) several BIA variables
are correlated with BMI, whereas others show modest
correlations; (2) none of the BIA variables correlated
well with WHR; (3) BIA-measured body fat variables
were positively associated, whereas those of muscle
mass were inversely associated with NAFLD, and the
opposite associations were observed for ALD; (4) in
general, BIA variables were more predictive of cirrhosis
etiology than BMI or WHR; and (5) BIA variables’
associations with cirrhosis etiology were race/ethnic
group-specific; they were seen only in Hispanic and
non-Hispanic White patients but not in non-Hispanic
Blacks.

BMI and WHR are the most commonly used
measures of body fat in studies examining the risk
and prognosis of liver disease, including NAFLD,
cirrhosis, and HCC. However, the findings of these
epidemiological studies, for example, those in HCC risk,
were remarkably heterogeneous, with some showing a
positive association with BMI and others showing no
association or even an inverse association. Part of this

inconsistency is likely related to BMI being a “distal”
measure of body composition that does not reflect the
key specific drivers of the relationship between body fat
and liver disease. In the context of liver disease, we
believe that WHR is a distal measure. It reflects variable
proportions of subcutaneous and visceral obesity, as
well as variable proportions of white and brown fat;
these components have different etiological relevance
to the formation or progression of liver disease. In
addition, WHR is prone to random measurement errors
(eg, placement of tape), which makes it unreliable.
Therefore, examining more “proximal” relevant meas-
ures of body fat or muscle would reveal more consistent
associations and serve as reliable measures of risk and
prognosis of liver disease. In this study, BIA provides
some advantages over BMI and WHR that could hold
promise for both research and clinical care.

BIA offers a more detailed and nuanced understand-
ing of the association between the amount and distribu-
tion of fat and muscle body components with the risk of
liver disease than BMI or WHR. The modest correlation
between BMI and several BIA parameters indicative of
lean body mass and the lack of correlation with WHR
suggest that BIA parameters reflect different aspects of
body composition, and they could add to the predictive
ability of BMI and WHR. In this study, BIA measures
showed specific significant associations with the etiology
of cirrhosis: a positive association with body fat mass and
a negative association with lean body mass for NAFLD
and opposite findings for ALD. Moreover, these associ-
ations had major sex-specific and race-specific differ-
ences that were not captured by BMI or WHR. The
findings were also robust and persisted after excluding
53 patients with any history of decompensation.

F IGURE 1 Correlation between bioimpedance analysis measurements, body mass index (BMI), and waist-to-hip ratio (WHR).
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TABLE 3 Association between bioimpedance variables in subjects with cirrhosis and the presence of NAFLD by race/ethnicity

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Body fat mass n = 168 n = 107 n = 67

Continuous 1.01 (1.00–1.02) 0.97 (0.92–1.01) 1.00 (0.99–1.02)

Lowest tertile 1 1 1

Middle tertile 3.38 (1.38–8.25) 1.03 (0.14–7.75) 1.44 (0.44–4.76)

Highest tertile 2.90 (1.18–7.13) 0.49 (0.04–5.61) 1.32 (0.41–4.31)

Lean body mass n = 168 n = 105 n = 67

Continuous 0.98 (0.97–1.00) 1.02 (0.98–1.06) 0.97 (0.94–0.99)

Lowest tertile 1 1 1

Middle tertile 0.49 (0.22–1.08) 0.50 (0.04–5.79) 0.16 (0.04–0.58)

Highest tertile 0.36 (0.16–0.83) 0.97 (0.13–7.30) 0.11 (0.03–0.43)

Dry lean mass n = 168 n = 105 n = 67

Continuous 0.93 (0.88–0.99) 1.08 (0.92–1.26) 0.88 (0.81–0.96)

Lowest tertile 1 1 1

Middle tertile 0.79 (0.36–1.71) 0.47 (0.04–5.45) 0.16 (0.04–0.58)

Highest tertile 0.40 (0.17–0.95) 1.03 (0.14–7.77) 0.11 (0.03–0.43)

Total body water n = 168 n = 107 n = 67

Continuous 0.98 (0.96–1.00) 1.03 (0.97–1.09) 0.95 (0.93–0.98)

Lowest tertile 1 1 1

Middle tertile 0.64 (0.29–1.39) 0.49 (0.04–5.61) 0.19 (0.05–0.69)

Highest tertile 0.41 (0.18–0.94) 0.94 (0.13–7.09) 0.12 (0.03–0.46)

Lean body mass of right arm n = 168 n = 105 n = 67

Continuous 0.96 (0.87–1.06) 0.93 (0.63–1.38) 0.83 (0.67–1.03)

Lowest tertile 1 1 1

Middle tertile 0.83 (0.38–1.81) 1.00 (0.13–7.53) 0.13 (0.03–0.49)

Highest tertile 0.56 (0.24–1.28) 0.49 (0.04–5.61) 0.14 (0.04–0.52)

Lean body mass of left arm n = 168 n = 105 n = 67

Continuous 0.82 (0.68–0.99) 0.96 (0.55–1.67) 0.66 (0.50–0.88)

Lowest tertile 1 1 1

Middle tertile 0.77 (0.35–1.67) 0.30 (0.03–3.08) 0.08 (0.02–0.33)

Highest tertile 0.47 (0.20–1.08) 0.32 (0.03–3.27) 0.10 (0.03–0.42)

Lean body mass of trunk n = 168 n = 105 n = 67

Continuous 0.97 (0.94–1.00) 0.98 (0.90–1.07) 0.94 (0.90–0.99)

Lowest tertile 1 1 1

Middle tertile 0.83 (0.38–1.82) 0.30 (0.03–3.08) 0.13 (0.03–0.49)

Highest tertile 0.43 (0.19–1.00) 0.32 (0.03–3.27) 0.14 (0.04–0.52)

Lean body mass of right leg n = 168 n = 105 n = 67

Continuous 0.95 (0.88–1.02) 1.19 (0.93–1.53) 0.81 (0.70–0.93)

Lowest tertile 1 1 1

Middle tertile 0.37 (0.17–0.85) NA 0.20 (0.06–0.72)

Highest tertile 0.37 (0.17–0.85) 1.55 (0.24–9.88) 0.13 (0.04–0.50)

Lean body mass of left leg n = 168 n = 105 n = 67

Continuous 0.91 (0.83–1.00) 1.14 (0.88–1.48) 0.80 (0.69–0.92)

Lowest tertile 1 1 1

Middle tertile 0.37 (0.17–0.85) 0.46 (0.04–5.29) 0.16 (0.04–0.58)

Highest tertile 0.37 (0.17–0.85) 0.97 (0.13–7.31) 0.11 (0.03–0.43)
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TABLE 3 . (continued)

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Basal metabolic rate n = 150 n = 92 n = 63

Continuous 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Lowest tertile 1 1 1

Middle tertile 4.21 (1.69–10.45) 0.97 (0.06–16.19) 6.40 (1.65–24.77)

Highest tertile 1.77 (0.69–4.58) 3.11 (0.30–31.68) 1.00 (0.28–3.61)

Skeletal muscle mass n = 84 n = 26 n = 41

Continuous 0.97 (0.94–1.01) 1.01 (0.93–1.10) 0.94 (0.89–0.99)

Lowest tertile 1 1 1

Middle tertile 1.33 (0.47–3.81) NA 0.33 (0.05–2.11)

Highest tertile 0.31 (0.10–1.01) 2.67 (0.19–36.76) 0.10 (0.02–0.65)

Visceral fat surface area n = 84 n = 26 n = 41

Continuous 1.05 (0.96–1.14) 0.71 (0.50–1.02) 1.04 (0.89–1.21)

Lowest tertile 1 1 1

Middle tertile 1.12 (0.37–3.43) 0.31 (0.02–4.41) 1.93 (0.39–9.60)

Highest tertile 2.14 (0.75–6.14) NA 1.29 (0.29–5.77)

Body fat mass of right arm n = 84 n = 26 n = 41

Continuous 1.08 (0.97–1.20) 0.39 (0.14–1.10) 0.93 (0.79–1.10)

Lowest tertile 1 1 1

Middle tertile 1.49 (0.50–4.41) 0.33 (0.02–4.55) 1.71 (0.37–7.92)

Highest tertile 1.96 (0.66–5.86) NA 1.37 (0.29–6.53)

Body fat mass of left arm n = 84 n = 26 n = 41

Continuous 1.08 (0.97–1.20) 0.36 (0.12–1.10) 0.93 (0.79–1.11)

Lowest tertile 1 1 1

Middle tertile 1.68 (0.55–5.08) 0.44 (0.03–5.93) 1.35 (0.29–6.18)

Highest tertile 2.37 (0.78–7.20) NA 1.20 (0.26–5.59)

Body fat mass of right leg n = 84 n = 26 n = 41

Continuous 1.08 (0.97–1.22) 0.57 (0.30–1.10) 1.03 (0.85–1.24)

Lowest tertile 1 1 1

Middle tertile 1.62 (0.53–4.94) 0.50 (0.04–6.86) 1.40 (0.30–6.62)

Highest tertile 2.88 (0.95–8.72) NA 2.75 (0.58–12.98)

Body fat mass of left leg n = 84 n = 26 n = 41

Continuous 1.08 (0.97–1.22) 0.53 (0.26–1.08) 1.03 (0.85–1.24)

Lowest tertile 1 1 1

Middle tertile 1.62 (0.53–4.94) 0.50 (0.04–6.86) 1.60 (0.35–7.40)

Highest tertile 2.88 (0.95–8.72) NA 2.50 (0.52–11.93)

Body mass index n = 168 n = 107 n = 67

Continuous 1.05 (0.99–1.12) 0.94 (0.78–1.14) 0.99 (0.91–1.08)

Lowest tertile 1 1 1

Middle tertile 2.72 (1.16–6.39) 0.97 (0.13–7.30) 0.76 (0.23–2.46)

Highest tertile 2.19 (0.93–5.18) 0.47 (0.04–5.45) 1.09 (0.34–3.51)

Waist-to-hip ratio n = 155 n = 103 n = 61

Continuous 0.26 (<0.001–66.33) 188.00 (< 0.001–>999) 0.19 (<0.001–978.42)

Lowest tertile 1 1 1

Middle tertile 1.05 (0.46–2.40) 1.94 (0.17–22.44) 0.94 (0.28–3.14)

Highest tertile 0.99 (0.42–2.35) 2.13 (0.18–24.67) 0.98 (0.27–3.52)

Note: p< 0.05.
Abbreviation: NA, not available; OR, Odds Ratio.
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TABLE 4 Association between bioimpedance variables in subjects with cirrhosis and the presence of alcohol-associated liver disease–related
cirrhosis by race/ethnicity

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Body fat mass n = 168 n = 107 n = 67

Continuous 0.99 (0.98–1.00) 0.98 (0.97–1.00) 0.99 (0.97–1.01)

Lowest tertile 1 1 1

Middle tertile 0.60 (0.29–1.28) 0.94 (0.37–2.40) 0.82 (0.23–2.85)

Highest tertile 0.38 (0.17–0.82) 0.50 (0.19–1.30) 0.93 (0.28–3.16)

Lean body mass n = 168 n = 105 n = 67

Continuous 1.02 (1.00–1.03) 1.00 (0.99–1.02) 1.04 (1.01–1.06)

Lowest tertile 1 1 1

Middle tertile 1.47 (0.68–3.19) 0.65 (0.25–1.71) 5.33 (0.99–28.84)

Highest tertile 2.27 (1.05–4.89) 1.06 (0.42–2.70) 14.44 (2.68–77.80)

Dry lean mass n = 168 n = 105 n = 67

Continuous 1.08 (1.02–1.14) 1.01 (0.94–1.09) 1.16 (1.06–1.27)

Lowest tertile 1 1 1

Middle tertile 1.69 (0.78–3.67) 0.67 (0.26–1.74) 5.33 (0.99–28.84)

Highest tertile 2.32 (1.06–5.05) 1.06 (0.41–2.72) 14.44 (2.68–77.80)

Total body water n = 168 n = 107 n = 67

Continuous 1.03 (1.01–1.05) 1.00 (0.98–1.03) 1.05 (1.02–1.09)

Lowest tertile 1 1 1

Middle tertile 1.39 (0.64–3.01) 0.79 (0.31–2.04) 4.75 (0.88–25.64)

Highest tertile 2.21 (1.02–4.77) 1.01 (0.40–2.55) 13.72 (2.54–74.13)

Lean body mass of right arm n = 168 n = 105 n = 67

Continuous 1.02 (0.95–1.10) 0.99 (0.87–1.14) 1.09 (0.94–1.26)

Lowest tertile 1 1 1

Middle tertile 1.31 (0.61–2.79) 0.63 (0.24–1.62) 7.69 (1.45–40.91)

Highest tertile 1.61 (0.75–3.45) 0.56 (0.22–1.45) 10.00 (1.87–53.48)

Lean body mass of left arm n = 168 n = 105 n = 67

Continuous 1.24 (1.03–1.48) 0.92 (0.73–1.17) 1.56 (1.16–2.10)

Lowest tertile 1 1 1

Middle tertile 0.97 (0.46–2.07) 0.53 (0.21–1.38) 7.69 (1.45–40.91)

Highest tertile 1.39 (0.65–2.94) 0.66 (0.26–1.71) 10.00 (1.87–53.48)

Lean body mass of trunk n = 168 n = 105 n = 67

Continuous 1.03 (1.00–1.06) 0.99 (0.95–1.03) 1.06 (1.01–1.10)

Lowest tertile 1 1 1

Middle tertile 1.15 (0.53–2.47) 0.48 (0.18–1.23) 7.69 (1.45–40.91)

Highest tertile 1.45 (0.69–3.07) 0.52 (0.20–1.36) 10.00 (1.87–53.48)

Lean body mass of right leg n = 168 n = 105 n = 67

Continuous 1.05 (0.98–1.12) 1.04 (0.93–1.16) 1.27 (1.10–1.47)

Lowest tertile 1 1 1

Middle tertile 2.14 (0.98–4.63) 1.00 (0.38–2.60) 4.61 (1.05–20.30)

Highest tertile 1.99 (0.92–4.31) 1.42 (0.55–3.65) 6.66 (1.53–29.08)

Lean body mass of left leg n = 168 n = 105 n = 67

Continuous 1.13 (1.04–1.24) 1.04 (0.93–1.16) 1.28 (1.10–1.49)

Lowest tertile 1 1 1

Middle tertile 2.02 (0.92–4.41) 1.02 (0.39–2.64) 19.25 (2.21–168.01)

Highest tertile 2.69 (1.23–5.87) 1.20 (0.46–3.12) 21.00 (2.39–184.51)
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TABLE 4 . (continued)

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Basal metabolic rate n = 150 n = 92 n = 63

Continuous 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Lowest tertile 1 1 1

Middle tertile 0.14 (0.06–0.35) 1.07 (0.39–2.93) 0.08 (0.01–0.43)

Highest tertile 0.34 (0.15–0.78) 0.47 (0.16–1.34) 0.38 (0.11–1.31)

Skeletal muscle mass n = 84 n = 26 n = 41

Continuous 1.03 (0.99–1.07) 0.98 (0.92–1.05) 1.05 (0.99–1.11)

Lowest tertile 1 1 1

Middle tertile 1.25 (0.33–4.71) 1.00 (0.14–7.10) 0.92 (0.05–16.46)

Highest tertile 2.56 (0.74–8.81) 0.29 (0.02–3.52) 4.80 (0.46–50.15)

Visceral fat surface area n = 84 n = 26 n = 41

Continuous 0.87 (0.79–0.96) 0.93 (0.78–1.12) 0.88 (0.71–1.10)

Lowest tertile 1 1 1

Middle tertile 0.47 (0.15–1.53) 0.67 (0.09–5.13) NA

Highest tertile 0.17 (0.04–0.70) 0.15 (0.01–1.90) 0.35 (0.05–2.31)

Body fat mass of right arm n = 84 n = 26 n = 41

Continuous 0.78 (0.65–0.94) 0.85 (0.60–1.20) 0.90 (0.66–1.22)

Lowest tertile 1 1 1

Middle tertile 0.81 (0.27–2.44) 0.25 (0.03–2.00) NA

Highest tertile 0.14 (0.03–0.74) 0.14 (0.01–1.76) 0.41 (0.06–2.77)

Body fat mass of left arm n = 84 n = 26 n = 41

Continuous 0.79 (0.65–0.95) 0.85 (0.60–1.21) 0.91 (0.68–1.23)

Lowest tertile 1 1 1

Middle tertile 0.77 (0.25–2.32) 0.36 (0.05–2.77) 0.28 (0.03–3.11)

Highest tertile 0.13 (0.03–0.67) 0.18 (0.02–2.12) 0.67 (0.09–4.80)

Body fat mass of right leg n = 84 n = 26 n = 41

Continuous 0.81 (0.69–0.96) 0.89 (0.65–1.20) 0.85 (0.61–1.18)

Lowest tertile 1 1 1

Middle tertile 0.42 (0.13–1.37) 1.20 (0.16–8.80) NA

Highest tertile 0.26 (0.07–0.95) 0.25 (0.02–3.04) 0.38 (0.06–2.54)

Body fat mass of left leg n = 84 n = 26 n = 41

Continuous 0.81 (0.69–0.95) 0.89 (0.65–1.21) 0.84 (0.60–1.18)

Lowest tertile 1 1 1

Middle tertile 0.42 (0.13–1.37) 1.20 (0.16–8.80) NA

Highest tertile 0.26 (0.07–0.95) 0.25 (0.02–3.04) 0.42 (0.06–2.77)

Body mass index n = 168 n = 107 n = 67

Continuous 0.94 (0.89–1.00) 0.94 (0.87–1.02) 1.00 (0.91–1.09)

Lowest tertile 1 1 1

Middle tertile 0.80 (0.38–1.68) 0.85 (0.33–2.15) 1.96 (0.56–6.92)

Highest tertile 0.44 (0.20–0.94) 0.67 (0.26–1.73) 1.62 (0.45–5.78)

Waist-to-hip ratio n = 155 n = 103 n = 61

Continuous 1.68 (0.01–270.02) 0.02 (< 0.001–14.17) 33.41 (0.005–>999.999)

Lowest tertile 1 1 1

Middle tertile 0.85 (0.39–1.83) 0.72 (0.28–1.85) 1.24 (0.34–4.50)

Highest tertile 0.95 (0.43–2.09) 0.94 (0.36–2.45) 1.48 (0.39–5.71)

Note: p< 0.05.
Abbreviation: NA, not available; OR, Odds Ratio.
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TABLE 5 Association between bioimpedance variables in subjects with cirrhosis and the presence of HCV by race/ethnicity

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Body fat mass n = 168 n = 107 n = 67

Continuous 0.99 (0.98–1.00) 1.00 (0.98–1.02) 0.99 (0.97–1.01)

Lowest tertile 1 1 1

Middle tertile 0.33 (0.15–0.72) 0.75 (0.18–3.06) 0.82 (0.23–2.85)

Highest tertile 0.45 (0.21–0.96) 0.63 (0.16–2.43) 0.93 (0.28–3.16)

Lean body mass n = 168 n = 105 n = 67

Continuous 1.02 (1.00–1.03) 1.00 (0.98–1.03) 1.02 (1.00–1.04)

Lowest tertile 1 1 1

Middle tertile 1.44 (0.68–3.07) 4.74 (0.93–24.24) 4.07 (0.93–17.84)

Highest tertile 2.22 (1.04–4.74) 1.84 (0.54–6.29) 6.33 (1.45–27.73)

Dry lean mass n = 168 n = 105 n = 67

Continuous 1.06 (1.01–1.13) 1.00 (0.91–1.11) 1.09 (1.00–1.18)

Lowest tertile 1 1 1

Middle tertile 1.22 (0.58–2.57) 5.04 (0.99–25.70) 4.07 (0.93–17.84)

Highest tertile 1.94 (0.91–4.14) 1.72 (0.50–5.90) 6.33 (1.45–27.73)

Total body water n = 168 n = 107 n = 67

Continuous 1.02 (1.00–1.04) 1.00 (0.97–1.04) 1.03 (1.00–1.06)

Lowest tertile 1 1 1

Middle tertile 1.36 (0.64–2.88) 2.67 (0.63–11.31) 3.60 (0.82–15.74)

Highest tertile 2.16 (1.01–4.61) 1.60 (0.46–5.61) 6.00 (1.36–26.37)

Lean body mass of right arm n = 168 n = 105 n = 67

Continuous 1.02 (0.95–1.10) 1.19 (0.89–1.58) 1.14 (0.97–1.34)

Lowest tertile 1 1 1

Middle tertile 1.39 (0.66–2.94) 1.94 (0.51–7.33) 4.07 (0.93–17.84)

Highest tertile 1.85 (0.87–3.94) 1.94 (0.51–7.33) 6.33 (1.45–27.73)

Lean body mass of left arm n = 168 n = 105 n = 67

Continuous 1.20 (1.01–1.43) 1.20 (0.85–1.70) 1.36 (1.04–1.78)

Lowest tertile 1 1 1

Middle tertile 1.30 (0.61–2.74) 3.26 (0.79–13.50) 7.69 (1.45–40.91)

Highest tertile 2.00 (0.94–4.25) 2.22 (0.60–8.22) 10.00 (1.87–53.48)

Lean body mass of trunk n = 168 n = 105 n = 67

Continuous 1.02 (0.99–1.05) 1.03 (0.98–1.09) 1.04 (1.00–1.09)

Lowest tertile 1 1 1

Middle tertile 1.33 (0.62–2.84) 3.26 (0.79–13.50) 4.07 (0.93–17.84)

Highest tertile 1.90 (0.90–4.01) 2.22 (0.60–8.22) 6.33 (1.45–27.73)

Lean body mass of right leg n = 168 n = 105 n = 67

Continuous 1.08 (1.00–1.15) 0.97 (0.84–1.14) 1.14 (1.00–1.29)

Lowest tertile 1 1 1

Middle tertile 1.95 (0.91–4.17) 3.41 (0.64–18.25) 2.71 (0.68–10.84)

Highest tertile 2.60 (1.21–5.58) 0.83 (0.25–2.77) 4.75 (1.21–18.58)

Lean body mass of left leg n = 168 n = 105 n = 67

Continuous 1.10 (1.01–1.19) 0.99 (0.85–1.16) 1.16 (1.01–1.32)

Lowest tertile 1 1 1

Middle tertile 1.67 (0.78–3.54) 2.36 (0.54–10.30) 2.40 (0.60–9.56)

Highest tertile 1.92 (0.90–4.09) 1.04 (0.30–3.60) 4.50 (1.15–17.68)
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TABLE 5 . (continued)

Crude OR (95% CI)

Non-Hispanic Whites Non-Hispanic Blacks Hispanics

Basal metabolic rate n = 150 n = 92 n = 63

Continuous 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Lowest tertile 1 1 1

Middle tertile 0.27 (0.12–0.61) 1.04 (0.19–5.59) 0.18 (0.04–0.71)

Highest tertile 0.37 (0.17–0.84) 0.32 (0.08–1.35) 0.30 (0.08–1.08)

Skeletal muscle mass n = 84 n = 26 n = 41

Continuous 1.02 (0.98–1.05) 0.99 (0.93–1.05) 1.00 (0.94–1.06)

Lowest tertile 1 1 1

Middle tertile 0.60 (0.19–1.90) 1.00 (0.14–7.10) 4.80 (0.46–50.14)

Highest tertile 1.35 (0.46–3.96) 0.50 (0.07–3.55) 2.00 (0.16–25.11)

Visceral fat surface area n = 84 n = 26 n = 41

Continuous 0.98 (0.90–1.07) 1.10 (0.92–1.30) 0.97 (0.80–1.18)

Lowest tertile 1 1 1

Middle tertile 1.15 (0.39–3.43) 0.60 (0.08–4.40) 1.65 (0.23–11.99)

Highest tertile 0.66 (0.22–1.98) 3.00 (0.35–25.87) 0.85 (0.10–7.04)

Body fat mass of right arm n = 84 n = 26 n = 41

Continuous 0.96 (0.85–1.07) 1.10 (0.85–1.44) 0.87 (0.63–1.19)

Lowest tertile 1 1 1

Middle tertile 1.10 (0.37–3.23) 0.90 (0.13–6.08) 1.38 (0.19–9.83)

Highest tertile 0.76 (0.24–2.35) 1.00 (0.13–7.57) 1.00 (0.12–8.42)

Body fat mass of left arm n = 84 n = 26 n = 41

Continuous 0.95 (0.85–1.07) 1.12 (0.85–1.48) 0.85 (0.61–1.18)

Lowest tertile 1 1 1

Middle tertile 1.04 (0.35–3.07) 1.00 (0.16–6.42) 0.61 (0.09–4.37)

Highest tertile 0.68 (0.22–2.11) 2.40 (0.30–19.04) 0.67 (0.09–4.80)

Body fat mass of right leg n = 84 n = 26 n = 41

Continuous 0.97 (0.86–1.09) 1.14 (0.87–1.51) 0.82 (0.60–1.13)

Lowest tertile 1 1 1

Middle tertile 0.86 (0.29–2.54) 2.40 (0.30–19.04) 1.22 (0.20–7.59)

Highest tertile 0.62 (0.20–1.89) 1.00 (0.16–6.42) 0.26 (0.02–2.88)

Body fat mass of left leg n = 84 n = 26 n = 41

Continuous 0.97 (0.86–1.09) 1.16 (0.87–1.54) 0.82 (0.59–1.14)

Lowest tertile 1 1 1

Middle tertile 0.86 (0.29–2.54) 2.40 (0.30–19.04) 1.10 (0.18–6.76)

Highest tertile 0.62 (0.20–1.89) 1.00 (0.16–6.42) 0.28 (0.03–3.11)

Body mass index n = 168 n = 107 n = 67

Continuous 0.98 (0.93–1.04) 1.00 (0.90–1.11) 0.98 (0.89–1.07)

Lowest tertile 1 1 1

Middle tertile 0.48 (0.22–1.02) 1.03 (0.27–3.94) 0.88 (0.25–3.03)

Highest tertile 0.76 (0.36–1.58) 1.03 (0.27–3.94) 1.07 (0.32–3.63)

Waist-to-hip ratio n = 155 n = 103 n = 61

Continuous 0.67 (0.004–104.50) 0.08 (<0.001–608.39) 7.76 (0.001–> 999.999)

Lowest tertile 1 1 1

Middle tertile 0.91 (0.42–1.94) 0.48 (0.11–2.11) 1.79 (0.51–6.34)

Highest tertile 1.12 (0.51–2.48) 0.54 (0.12–2.48) 1.17 (0.30–4.59)

Note: p< 0.05.
Abbreviation: OR, Odds Ratio.
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Our study adds evidence to the importance of total
body fat to the pathogenesis of NAFLD. Excess body fat
is an established risk factor for the presence and
severity of NAFLD. A cross-sectional study in The
Netherlands used dual x-ray absorptiometry scans
to measure body composition and concluded that a
higher total fat mass was associated with a higher
risk of NAFLD[18] in both normal-weight and overweight
populations. Another retrospective cohort study using
BIA showed that higher total fat mass and lower skeletal
muscle mass are associated with a higher NAFLD
risk, especially in normal-weight individuals.[19]

Other studies also have shown that lower lean muscle
mass was associated with higher NAFLD risk and
severity.[20]

BIA needs to be further examined as a prognostic tool
in patients with liver disease. Several investigations
showed a correlation between the decrease in phase
angle and muscle mass (a calculated value from BIA) and
the development of hepatic encephalopathy in the course
of liver cirrhosis.[10,21,22] We explored the association
between BIA measures and the risk of developing HCC
in patients with cirrhosis, and while some weak associa-
tions can be seen, the number of newly developed HCC
cases precluded a robust adequately powered analysis.

The study’s strengths included the large sample size
with well-defined cirrhosis etiology and diverse racial/
ethnic backgrounds, and uniform prospective BIA, BMI,
and WHR measurements. However, the study was
underpowered to examine the determinants of HCC due
to the limited number of cases. BIA measurements have
been shown in different studies to correlate well with
those of computed tomography scans and dual x-ray
absorptiometry.[23,24] The indicators associated with BIA
are affected by the patients’ hydration status and
distribution of intracellular and extracellular water[25,26];
however, the multifrequency BIA analysis employed in
our study is less influenced by overhydration.

Among patients with cirrhosis, several BIA-derived
measurements indicative of body fat and muscle are
associated with NAFLD and ALD etiology. BIA variables
show stronger associations, as well as race/ethnicity-
specific associations, with cirrhosis etiology than those
of BMI or WHR. Therefore, BIA may offer a more
precise tool to better understand the association
between body composition and the development of
chronic liver disease and cancer.
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