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Physical activity, diet, and social
determinants of health associate
with health related quality of life
and fibrosis in MASLD

Blake C. Czapla®, Anushka Dalvi%%$, Jingyi Hu?, Isabel J. Moran3, Karn Wijarnpreecha*® &
Vincent L. Chen™

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a leading cause of end-stage liver
disease. MASLD and liver fibrosis are associated with cardiometabolic risk factors and health-related
quality of life (HRQOL) while being affected by dietary/exercise patterns and social determinants of
health (SDOH). However, previous studies have not assessed in conjunction exercise, diet, SDOH,

and HRQOL in patients with MASLD. This was a cross-sectional study of patients with MASLD seen in
hepatology clinic at University of Michigan. Participants completed validated surveys on HRQOL, diet,
and physical activity, and a subset also underwent vibration controlled transient elastography (VCTE).
The primary outcomes were HRQOL (measured by Short Form-8) and cirrhosis, and predictors were
physical activity, dietary patterns, cardiometabolic comorbidities, and social determinants of health.
The primary analysis included 304 patients, with median body mass index 32.4 kg/m? and prevalence
of type 2 diabetes, hypertension, and dyslipidemia 38%, 45%, and 42%, respectively (Table 1). The
majority of the participants had a FIB-4 score of less than 1.3 and LSM of less than 8 (Table 1). HRQOL
was lower with higher BMI, type 2 diabetes, hypertension, and increased liver fibrosis, and higher

in people with adequate fruit intake. Neighborhood-level SDOH were also associated with HRQOL.
Factors associated with cirrhosis or higher liver stiffness measurement by VCTE included body mass
index, diabetes, and living in an impoverished neighborhood, while increased vegetable intake and
exercise were associated with lower prevalence of cirrhosis/fibrosis. In multivariable models including
demographic and cardiometabolic factors, dietary patterns and SDOH were independently associated
with HRQOL and cirrhosis. Cardiometabolic risk factors, physical activity, diet, and social determinants
of health are associated with HRQOL and liver fibrosis.

Metabolic dysfunction-associated steatotic liver disease (MASLD) is characterized by excess lipid accumulation
in the liver!. MASLD affects 30% of the US adult population? and is a leading cause of end-stage liver disease’.
MASLD affects a large proportion of the population, but only a fraction of these patients develop symptomatic
end-stage liver disease, with the primary risk factor for adverse outcomes being severity of underlying fibrosis*°.
However, MASLD is highly prevalent and thus is a major public health concern for millions of Americans.

In addition to its associations with cardiometabolic disorders such as obesity, diabetes, dyslipidemia, and
hypertension, MASLD is also associated with behavioral risk factors®: Mediterranean-style diets high in fruit,
vegetables, and nuts/legumes, and low in red/processed meats and sugar-sweetened beverages, are associated
with lower risk of hepatic steatosis and risk of liver-related events’, while sedentary lifestyle is associated with
increased risk of liver-related mortality®. Social determinants of health also play an important role in driving
disease severity®!°.

MASLD has previously been considered an asymptomatic condition until advanced liver disease develops,
but more recent data suggest that is associated with decreased health related quality of life (HRQOL), especially
when fibrosis and steatohepatitis are present!!. While some of this effect is likely due to shared associations
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Characteristic Value

Age (years) 59.5 (50.0-67.0)
Female 164 (53.8%)
Race/ethnicity (n=299)

Non-Hispanic White 248 (82.9%)
Non-Hispanic Black (n=4) 4(1.3%)
Non-Hispanic Asian (n=25) 24 (8.4%)
Hispanic/Latino (n=19) 19 (6.4%)
Other (n=3) 3(1.0%)

Body mass index (kg/m?) (n=227) 32.4(29.0-37.4)
Type 2 diabetes (1 =304) 116 (38.3%)
Hypertension (n=304) 136 (44.7%)
Dyslipidemia (n=303) 127 (42.0%)
Cirrhosis (n=304) 66 (21.7%)

Alanine aminotransferase (U/L) (n=277) 35 (25-50)
Aspartate aminotransferase (U/L) (n=277) 30 (23-42)
83 (

Alkaline phosphatase (U/L) (n=277) 67-105)
Total bilirubin (mg/dL) (n=277) 0.7 (0.5-0.9)
Albumin (mg/dL) (n=276) 4.5 (4.3-4.7)
Hemoglobin (g/dL) (n=267) 14.2 (13.2-15.4)
Platelet count (K/uL) (n=268) 222 (184-270)

High-density lipoprotein (mg/dL) (n=156) 44 (37-53)
Low-density lipoprotein (mg/dL) (n=152) 83 (63-113)

Triglycerides (mg/dL) (n=157) 134 (102-180)
Fibrosis-4 score (n=265)

<13 134 (50.6%)
1.3-2.67 93 (35.1%)
>2.67 38 (14.3%)
Liver stiffness measurement (kPa) (n=220) 6.5 (4.9-10.4)
<8 147 (66.8%)
8-12 29 (13.1%)
>12 44 (20.0%)
Overall HRQOL (n=297) 73 (59-83)
Emotional HRQOL (n=301) 75 (63-88)
Physical HRQOL (n=300) 72 (51-85)
Adequate exercise (n=293) 123 (44.0%)
Cup equivalents of fruit (n=206) 0.8 (0.6-1.0)
Cup equivalents of vegetables (n=194) 1.4 (1.2-1.6)

Cup equivalents of fruit + vegetables (n=190) | 2.2 (1.9-2.6)
Cup equivalents of dairy (n=197) 1.5(1.3-1.9)

Table 1. Cohort description. Values are represented as N (%) for categorical values or median (interquartile
range) for continuous variables. HRQOL, health-related quality of life. Details on how HRQOL, dietary intake,
and exercise were measured are in Methods.

between MASLD and cardiometabolic disease such as obesity and diabetes, randomized studies have suggested
that improvements in HRQOL occur with improvements in liver histology independently of changes in
cardiometabolic profile!>~14,

While there is existing literature regarding HRQOL in patients with MASLD, many of these studies have not
considered the association of a combination of lifestyle factors such as exercise and diet, or social determinants
of health, with HRQOL in patients with MASLD, or the associations of multiple lifestyle factors with fibrosis.
Thus, this study aimed to consider a combination of these factors while investigating the HRQOL of patients
with MASLD. Specifically, we aim to evaluate the impact of identified predictors—such as physical activity,
dietary patterns, and social determinants—on HRQOL and fibrosis severity. By integrating these diverse factors,
our study seeks to provide a comprehensive understanding of their collective influence.
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Methods

Ethics

The study was approved by the University of Michigan Institutional Review Board (Ann Arbor, MI) and study
procedures were conducted in concordance with good clinical practice and the Declarations of Helsinki and
Istanbul. All study participants provided written informed consent.

Study population

This is a cross-sectional analysis of a prospectively enrolled cohort of patients with MASLD recruited from
hepatology clinic at Michigan Medicine (Ann Arbor, MI, USA). This study included patients enrolled from
March 2021 through January 2024. Inclusion criteria are objective evidence of hepatic steatosis on imaging or
liver biopsy; historical evidence of steatosis is acceptable in patients with cirrhosis at time of enrollment. We
also required at least one MASLD cardiometabolic criterion: (1) body mass index >25 kg/m?, (2) hemoglobin
A1C25.7% or type 2 diabetes, (3) hypertension, systolic blood pressure>130 mmHg, or diastolic blood
pressure>85 mmHg, (4) plasma triglycerides > 150 mg/dL or high-density lipoprotein cholesterol <40/50 mg/
dL (women/men respectively)'®. Exclusion criteria include concomitant chronic liver diseases including but
not limited to untreated hepatitis C infection, or active untreated chronic hepatitis B, and excess alcohol intake,
which was defined as greater than 14 standard drinks per week in women and greater than 21 standard drinks per
week in men. Patients with inactive HBV or treated HCV were allowed to participate. Testing for concomitant
liver diseases was at the discretion of the treating hepatologist, but patients are nearly universally tested for viral
hepatitis and excess alcohol intake. Patients with active treatment for malignancy were also excluded.

Participants provided blood specimens that were subsequently divided into serum, plasma, and whole blood
aliquots. Participants completed standardized surveys on personal and family history of cardiometabolic disease,
liver disease, and malignancy, as well as validated surveys assessing HRQOL, physical activity, diet, and alcohol
intake (Alcohol Use Disorders Identification Test; AUDIT-C) (see next section for details). Surveys were sent to
patients electronically and completed remotely.

Data were also obtained from the electronic medical record, including laboratory values, medical diagnoses,
and when available vibration-controlled transient elastography (VCTE) results. Laboratory values were
collected + 12 months from a completed survey. No specific timeframe around surveys was required for VCTE
but >70% of VCTE were within 2 years of the surveys.

Predictors

1. Physical activity. Activity was measured using the Global Physical Activity Questionnaire (GPAQ) question-
naire, which includes questions regarding amount and intensity of physical activity per week including ac-
tivity at work, travel activity, recreational activity, and sedentary behavior'®. Adequate exercise is defined by
the Centers for Disease Control guidelines as greater than or equal to 150 min of moderate physical activity
or 75 min of vigorous physical activity weekly!”.

2. Dietary patterns were measured using Dietary Screener Questionnaire (DSQ), which was developed by Na-
tional Cancer Institute investigators and previously used in the National Health and Nutrition Examination
Survey 2009-2010'8. Weekly amounts of dietary intake for fruits, vegetables, and dairy were computed based
on survey results'’.

3. Cardiometabolic factors were obtained from the electronic medical records. These factors include body mass
index (BMI), diabetes, hypertension, dyslipidemia, and presence of cardiovascular disease defined by diag-
nosis codes as previously reported (Supp. Data)’.

4. Social determinants of health. We evaluated three separate determinants, all at the neighborhood level meas-
ured from the National Neighborhood Data Archive?*:

a. Area Deprivation Index. This score includes 17 components measured at a census tract level related to
education; income value and disparity, housing cost, ownership, and quality; employment and income;
single parent households; and access to amenities?>**.

b. Disadvantage. This score sums the percentage of households in a census tract with a single parent, receiv-
ing public assistance income, under the poverty level, or with no employed members?. It is designed as
a measure of poverty.

c. Affluence is the sum of percentages of people with annual income >$75,000, who completed high school,
and who were employed in a managerial or professional occupation?’. While also related to wealth, it
more directly measures educational attainment and profession type.

d. Cirrhosis. In addition to being an outcome, cirrhosis itself was evaluated as a predictor for HRQOL.
Cirrhosis definition is described in the next section.

Outcomes

The primary outcomes were HRQOL and cirrhosis, defined based on chart review of all participants.
HRQOL was measured by Short Form-8 (SF8)?!. For each question, raw scores were converted into
scaled scores on a 0-100 scale based on the maximum and minimum possible values for each question:
scaledscore = 100 x —Tne®seore—22972—  SF8 scores were reported as overall scores and subscores to
measure physical and emotional HRQOL. Criteria for cirrhosis were: (1) biopsy evidence of cirrhosis or (2)
at least two of the following: (a) imaging evidence of cirrhosis including nodular liver contour or caudate lobe
hypertrophy, (b) evidence of portal hypertension defined by varices seen endoscopically, otherwise-unexplained
portosystemic collaterals on imaging, ascites, or hepatic encephalopathy, or (c) magnetic resonance elastography
or vibration-controlled transient elastography liver stiffness measurement consistent with cirrhosis?® and the
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primary hepatologist was managing the patient for cirrhosis (e.g., hepatocellular carcinoma surveillance and/or
screening for gastroesophageal varices). Secondary outcomes in the subset of participants with VCTE were liver
stiffness measurement (LSM) as a continuous variable and as a binary variable with a threshold of LSM > 8 kPa
to indicate significant liver stiffness as recommended in professional society guidelines™?.

In all models, we reported univariable effects, and also adjusted for age, sex, and race/ethnicity (Model 1) and
Model 1 predictors plus body mass index and diabetes status (Model 2) since these factors are all known to be
associated with cirrhosis risk and HRQOL®?7:28,

Statistics

Descriptive results were reported as median (interquartile range) and N (%) for continuous and discrete variables,
respectively. Continuous and binary outcomes were modeled as linear or logistic regression, respectively, with
95% confidence intervals reported. A two-sided p value <0.05 was used for statistical significance throughout.
Analyses were performed in R version 4.3.2 (R Foundation, Vienna, Austria) with packages tidyverse and
rcompanion.

Results

Study population

At time of analysis, the study population included 304 participants who completed at least one of SF8, GPAQ,
and DSQ and were included in the analysis for the cirrhosis outcome; 297 participants completed SF8, 206
DSQ, and 293 GPAQ. 220 participants also underwent VCTE and were included in a subgroup analysis (Supp.
Figure 1). 22% of participants had cirrhosis (Table 1). The majority of the participants had a FIB-4 score of <1.3
and LSM <8 kPa. The median (interquartile range) for overall HRQOL, physical subscore for HRQOL, and
emotional subscore for HRQOL were 73 (interquartile range 59-83), 72 (51-85), and 75 (63-88), respectively,
out of 100 maximum points, where higher score indicates higher HRQOL (Table 1).

Among the primary analysis cohort, 164 (54%) were female and median age was 59.5 years (interquartile
range 50-67 years) (Table 1). Prevalence of cardiometabolic comorbidities was high, as expected, with median
BMI 32.4 kg/m? (IQR 29.0-37.4 kg/m?); 38%, 45%, and 42% had type 2 diabetes, hypertension, and dyslipidemia,
respectively (Table 1).

Predictors of HRQOL

First, we aimed to identify predictors of HRQOL using univariate analyses. Cardiometabolic comorbidities were
associated with lower overall HRQOL scores, including higher body mass index (effect size — 0.6 per BMI point
[95% confidence interval [CI] -1.0 to -0.2]); hypertension (effect size —4.5 [95% CI -8.9 to -0.2]), diabetes (effect
size —7.3 [95% CI — 11.6 to — 2.9]), and cardiovascular disease (— 14.8 [95% CI -23.2 to -6.4]) (p<0.05 for all)
(Table 2 Unadjusted). By contrast, increased consumption of fruits/vegetables was associated with higher SF8
scores. Social determinants of health were also associated with HRQOL: each decile increase in state-level rank in
Area Deprivation Index (ADI) was associated with lower HRQOL (-2.2 [95% CI -3.4 to -1.4], p<0.001) (Table 2

Model 1: age, sex, race/

Unadjusted ethnicity Model 2: Model 1 +body mass index and diabetes
Predictor Effect size Pvalue | Effect size Pvalue | Effect size Pvalue
Age (per year) (n=293) -0.08 (-0.26, 0.09) 0.339
Male sex (n=293) 7.48 (3.2,11.76) 0.001
Body mass index (per kg/m?) (n=223) -0.62 (-1,-0.24) 0.002 -0.47 (-0.89, -0.06) | 0.027
Diabetes (1=297) 725(-11.61,-2.9) | 0.001 | -6.47 (-10.81,-2.13) | 0.004
Hypertension (n=297) -4.54 (-8.85,-0.23) | 0.039 -4.62 (-9.06, -0.17) | 0.042 -5.69 (-10.88, -0.5) 0.032
Dyslipidemia (1 =296) -4.13 (-8.53,0.27) 0.065 -3.17 (-7.54,1.2) 0.155 -3.08 (-8.14, 1.99) 0.232
Cardiovascular Disease (n=297) -14.8 (-23.2,-6.4) 0.001 -14.9 (-23.4,-6.3) 0.001 -13.63 (-23.3, -4.0) 0.006
Fruit intake (per cup-equivalent daily) (n=203) 9.39 (2.45, 16.32) 0.008 7.73(0.75, 14.71) 0.03 9.09 (0.92, 17.25) 0.03
Vegetable intake (per cup-equivalent daily) (n=192) | 5.18 (-0.67, 11.03) 0.082 2.79 (-3.3, 8.88) 0.367 1.31(-5.77, 8.4) 0.715
Dairy intake (per cup-equivalent daily) (n=194) 1.23 (-3.75, 6.22) 0.626 0.12 (-5.1,5.33) 0.965 -0.43 (-6.62, 5.77) 0.892
Cirrhosis (n=297) -7.49 (-12.63, -2.35) | 0.004 -6.72 (-11.99, -1.46) | 0.013 -5.06 (-11.39, 1.28) 0.117
Liver Stiffness Measure (n=214) -0.31 (-0.55,-0.07) | 0.012 -0.33 (-0.59, -0.08) | 0.01 -0.46 (-0.87, -0.05) 0.028
Liver Stiffness Measure (> 8 kPa) (n=214) -7.96 (-12.96, -2.97) | 0.002 -7.09 (-12.08, -2.1) | 0.006 -6.41 (-12.56, -0.25) 0.042
Adequate Exercise (n=286) 3.37 (-1.05,7.8) 0.135 3.29 (-1.05, 7.64) 0.137 2.83 (-2.28,7.93) 0.277
Affluence quartile (n=285) 5.16 (3.29, 7.03) <0.001 | 4.22(2.25,6.18) <0.001 | 4.63(2.32,6.93) <0.001
Disadvantage quartile (n=284) -4.44 (-6.34,-2.53) | <0.001 | -3.58 (-5.56,-1.61) |<0.001 | -3.84(-6.08,-1.6) 0.001
Area Deprivation Index decile (n=284) -2.22(-3.04,-1.41) |<0.001 |-1.85(-2.7,-1) <0.001 | -1.94(-2.91,-0.98) <0.001

Table 2. Predictors of health-related quality of life. The outcome was health-related quality of life, measured
by the Short Form-8 survey. Effect sizes are shown as effect size (95% confidence interval) with p value
determined by linear regression. Model 1 is adjusted for age, sex, and race/ethnicity. Model 2 is additionally
adjusted for body mass index and diabetes status.
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Predictor

Unadjusted). Similarly, higher neighborhood disadvantage score was associated with lower HRQOL (-4.4 [95%
CI-6.3 to -2.5], p<0.001) whereas higher neighborhood aftfluence was associated with higher HRQOL (5.2 [95%
CI 3.3 t0 7.0], p<0.001) (Table 2 Unadjusted). Finally, consistent with previous studies, the presence of cirrhosis,
LSM > 8 kPa, or higher LSM (continuous variable) were associated with lower SF8, with effect size —7.5 (95%
CI -12.6 to -2.4) for cirrhosis, -8.0 (95% CI -13.0 to -3.0) for LSM =8 kPa, and —0.3 (95% CI -0.6 to -0.1) per
additional point of LSM) (Table 2 Unadjusted). The associations were overall similar after adjustment for age,
race, and sex (Model 1) or Model 1 covariates plus BMI and diabetes (Model 2) (Fig. 1). Overall results were
similar for the physical (Supp. Table 1) and emotional HRQOL (Supp. Table 2) subscores of SF8.

A multivariable model including model 2 covariates, fruit intake, affluence quartile, and LSM found that fruit
intake and affluence but not LSM were significantly associated with HRQOL (Table 2 Model 2).

Lifestyle correlates of cirrhosis

In univariable analysis, factors associated with cirrhosis included increasing age (per-year OR 1.1 [95% CI 1.0
to 1.1], p<0.001) and diabetes (OR 4.0 [95% CI 2.2 to 7.0], p<0.001) (Table 3 Unadjusted). Exercise was not
significantly associated with cirrhosis. Higher affluence score was associated with lower prevalence of cirrhosis
(per-quartile OR 0.6 [95% CI 0.5 to 0.8], p<0.001), and greater disadvantage (per-quartile OR 1.4 [95% CI 1.1 to
1.9], p=0.008) and state-level rank in ADI (per decile OR 1.2 [95% CI 1.1 to 1.3], p=0.001) were associated with
greater prevalence of cirrhosis (Table 3 Unadjusted).

After adjustment for age, sex, and race (Table 3 Model 1), BMI, diabetes, higher ADI scores and greater
disadvantage remained associated with higher prevalence of cirrhosis. Adequate exercise, greater intake of
vegetables, and affluence also remained associated with lower prevalence of cirrhosis. After additional adjustment
for BMI and diabetes (Table 3 Model 2), the associations between diet, exercise, and SDOH were largely similar
(Fig. 2).

A multivariable model including model 2 covariates, vegetable intake, affluence quartile, and exercise found
that vegetable intake (per cup-equivalent OR 0.1 [95% CI 0.0 to 0.7], p=0.017) and affluence (per quartile OR
0.6 [95% CI 0.4 to 0.8], p=0.002]) but not exercise were significantly associated with cirrhosis (Table 3 Model 2).

Subgroup analyses in patients undergoing VCTE

We conducted a sensitivity analysis where continuous LSM by VCTE was the outcome, to measure earlier stages
of fibrosis than cirrhosis (Supp. Table 3). Higher BMI (per-point effect size 0.3 kPa [95% CI 0.1 to 0.5], p=0.001)
and diabetes (effect size 3.9 kPa [95% CI 1.2 to 6.6], p=0.005) were associated with higher LSM (Supp. Table 3
Unadjusted). Adequate exercise was also associated with lower LSM (effect size —3.5 kPa [95% CI -6.1 to -0.8],
p=0.01) (Supp. Table 3 Unadjusted).

In another sensitivity analysis, we defined significant fibrosis (defined as LSM>8 kPa) as a secondary
outcome (Supp. Table 4). The results were similar to those with continuous LSM, with BMI (per-point OR
1.1 [95% CI 1.0 to 1.2], p=0.003) and diabetes (OR 2.7 [95% CI 1.5 to 4.9], p=0.001) associated with higher
likelihood of significant fibrosis, and fruit intake (OR 0.4 [95% CI 0.1 to 1.0], p=0.046) and adequate exercise
(OR 0.4 [95% CI 0.2 to 0.7], p=0.003) associated with lower likelihood (Supp. Table 4 Unadjusted). Higher

Predictors of Health-Related Quality of Life

Liver stiffness measurement (per kPa) ° p=0.028
Liver Stiffness Measure (>8 kPa) [s! p=0.042
Hypertension % p=0.032

Fruit intake (high vs low) ® p=0.03
Disadvantage (per quartile) — p=0.001
Cardiovascular Disease @ ‘ p=0.006

Area Deprivation Index (per decile) -@- p<0.001
Affluence (per quartile) — p<0.001

-20 -10 0 10 20

Effect Size

Fig. 1. Effect sizes of associations between predictors and health-related quality of life. Dots represent effect
size and error bars represent 95% confidence interval. Health-related quality of life was measured based

on the Short Form-8 score and normalized to a 0-100 scale as detailed in Methods. Effect sizes shown are
after adjustment for age, sex, race/ethnicity, body mass index, and diabetes, and only predictors significantly
associated with health-related quality of life in these models are shown.
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Model 1: age, sex, race/ Model 2: Model 1 +body
Unadjusted ethnicity mass index and diabetes

Predictor 0Odds ratio Pvalue | Odds ratio Pvalue | Odds ratio Pvalue
Age (n=299) 1.05 (1.03, 1.08) | <0.001
Male sex (n=299) 0.96 (0.55, 1.67) | 0.88
Body mass index (per point) (n=227) 1.05 (1.00, 1.10) | 0.055 1.07 (1.01, 1.13) | 0.022
Diabetes (n=304) 3.96 (2.23,7.01) | <0.001 |3.87(2.12,7.08) | <0.001
Hypertension (n=304) 1.36 (0.79, 2.34) | 0.27 0.99 (0.54, 1.78) | 0.96 0.57 (0.27, 1.21) | 0.14
Dyslipidemia (1 =303) 0.7 (0.39,1.24) |0.22 0.57 (0.31, 1.05) | 0.072 0.72(0.35,1.48) | 0.37
Fruit intake (per cup equivalent daily) (n=206) 0.52(0.18,1.53) | 0.24 0.55(0.18,1.73) | 0.31 0.28 (0.06, 1.29) | 0.10
Vegetable intake (per cup equivalent daily) (n=194) | 0.25 (0.08, 0.77) | 0.016 0.18 (0.05, 0.66) | 0.010 0.13 (0.02, 0.69) | 0.017
Adequate exercise (n=293) 0.60 (0.34, 1.06) | 0.08 0.54 (0.29, 0.99) | 0.046 0.51 (0.24,1.09) | 0.083
Affluence quartile (n=292) 0.62 (0.47,0.81) | <0.001 | 0.59 (0.44, 0.80) | 0.001 0.57 (0.40, 0.82) | 0.002
Disadvantage quartile (n=291) 1.43 (1.1, 1.85) | 0.008 1.45 (1.07, 1.95) | 0.015 1.46 (1.03, 2.07) | 0.034
Area Deprivation Index decile (n=291) 1.19 (1.07, 1.33) | 0.001 1.24 (1.10, 1.41) | 0.001 1.2(1.04,1.39) |0.015

Table 3. Demographic, lifestyle, and social determinant of health predictors of cirrhosis. The outcome was
cirrhosis (see Methods for details). Effect sizes are shown as odds ratio (95% confidence interval) with p value
determined by logistic regression. Model 1 is adjusted for age, sex, and race/ethnicity. Model 2 is additionally
adjusted for body mass index and diabetes status.

Predictors of Cirrhosis

Predictor

Vegetable intake (high vs. low) e 1 p=0.017
Disadvantage (per quartile) @ p=0.034
Area Deprivation Index (per decile) —— p=0.015
Affluence (per quartile) — p=0.002
0 1 2 3
Odds Ratio

Fig. 2. Odds ratios of associations between predictors and cirrhosis prevalence. Dots represent odds ratios
and error bars represent 95% confidence interval. Odds ratios shown are after adjustment for age, sex, race/
ethnicity, body mass index, and diabetes, and only predictors significantly associated with cirrhosis in these
models are shown.

affluence was associated with lower prevalence of significant fibrosis (per-quartile OR 0.8 [95% CI 0.6 to 1.0],
p=0.033) whereas higher ADI scores (per-decile OR 1.1 [95% CI 1.0 to 1.3], p=0.023) were associated with
higher prevalence (Supp. Table 4 Unadjusted). After adjustment for age, sex, and race (Supp. Table 4 Model 1), or
Model 1 predictors plus BMI and diabetes, the overall patterns of associations were similar (Supp. Table 4 Model
2) with fruit intake and exercise though not affluence quartile retaining statistical significance.

Discussion

In this cross-sectional analysis of a prospective cohort, we characterized clinical predictors of HRQOL and
lifestyle-related predictors of cirrhosis. Factors associated with lower HRQOL included living in a more
impoverished neighborhood, dyslipidemia, obesity, and physical inactivity. Cirrhosis was associated with
lower HRQOL, decreased physical activity, poorer diet, and neighborhood-level poverty. Poor diet and
social determinants of health were independently associated with both more fibrosis and lower HRQOL in
multivariable models.

Presence of MASLD has been associated with decreased HRQOL in the overall population?®?° and even
compared to other etiologies of chronic liver disease, MASLD may be associated with lower HRQOL3**!. More
severe histologic steatohepatitis®*? and increasing hepatic fibrosis?>** have been associated with lower HRQOL.
In contrast, there has been less literature on clinical predictors of HRQOL among people with MASLD, and
our finding associating SDOH, obesity, and physical inactivity to low HRQOL adds additional novelty. The
association of poor diet with lower HRQOL independent of BMI and diabetes suggest that lifestyle changes in
patients with MASLD may result in changes in HRQOL even if they do not result in the magnitude of weight
loss typically required for improvement in liver histology>*. Studies in other disease states have suggested that
participating in lifestyle-based diet and exercise programs is associated with subsequent improvements in
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HRQOL?*3¢. Providers may consider touting HRQOL improvements as another benefit of lifestyle changes,
even beyond reduction in severity of liver disease and cardiometabolic comorbidities. Future studies will be
required to determine potential impact of selection bias, in that people uninterested in making lifestyle changes
might be less likely to benefit from participating in specific programs.

Prior studies have associated physical inactivity and poor dietary patterns with risk of medical complications
including liver-related complications/mortality®*”8 and overall mortality®®~*?, but most of these studies were
conducted in the general population, not necessarily those with chronic liver disease. Here, we found that
poor dietary patterns and lifestyle were associated with prevalent cirrhosis in well-characterized patients with
MASLD, independent of cardiometabolic comorbidities. The association between inadequate exercise or poor
diet and LSM by VCTE—measuring earlier stages of fibrosis— suggest that they are relevant across the spectrum
of fibrosis stage, not only in the end stages where patients may be unable to adhere to lifestyle recommendations
due to medical illness. Future studies will investigate associations with incidence of cirrhosis/decompensation.

There are more limited data on associations between SDOH and advanced liver disease. We previously showed
retrospectively that incidence of new cardiovascular disease and hepatic decompensation is greater in patients
with MASLD living in more impoverished neighborhoods, and this association appeared to be independent of
comorbidities including diabetes and obesity®. Here we report the association between SDOH and prevalence
of advanced liver disease and with lower HRQOL. Mechanisms underlying these associations remain uncertain.
Factors could include built environment (e.g., access to safe outdoor areas for exercise)*, food deserts/ swamps*’,
or actual or perceived access to high-quality healthcare®*”. There is also likely to be a “duration dependence”
in that persons living in disadvantaged neighborhoods for longer periods are more likely to experience health-
related associations of this. It is crucial for medical providers to be aware of social factors that may limit patients’
ability to comply with treatment recommendations.

We note several limitations to this study. Due to the cross-sectional nature of the study, it is not possible
to delineate direction of effect: for example, having advanced liver disease may motivate patients to change
diet rather than diet causing liver disease, or it may cause poverty rather than be caused by it. Mechanisms by
which SDOH influence MASLD severity and HRQOL cannot readily be determined. VCTE was not necessarily
obtained concurrently with surveys though >70% were within 2 years of one another. Dietary data included only
a single FFQ, and dietary patterns may change over time, though the dietary instrument we used has been well-
validated and shown to be stable in the short term!®, which is adequate for a cross-sectional study; future studies
in this cohort will assess changes in dietary patterns over time. Physical activity data were self reported by the
participants in the study, and while the instrument we used is well-validated, it may lack the accuracy of objective
measures such as accelerometers*®. MASLD may be missed in non-obese populations?. Finally, our cohort had
limited diversity as the majority (>80%) of the participants identified as non-Hispanic White. Strengths include
the prospective enrollment of patients in this study and careful adjudication of cirrhosis/fibrosis status.

In conclusion, we characterized the associations of diet, exercise, and SDOH with HRQOL and liver fibrosis/
cirrhosis. Future studies will assess the impact of lifestyle factors on longitudinal outcomes in conjunction with
blood-based biomarkers derived from the cohort.

Data availability
Individual-level data will not be made available due to privacy restrictions. Analyses may be available upon
reasonable request to the corresponding author (VLC).
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