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Abstract
Nonalcoholic fatty liver disease (NAFLD) has been referred to as the hepatic manifestation of the
metabolic syndrome. There is a lower prevalence of metabolic syndrome in individuals with
higher health-related fitness (HRF) and physical activity (PA) participation. The relationship
between NAFLD severity and HRF or PA is unknown. Our aim was to compare measures of HRF
and PA in patients with a histological spectrum of NAFLD severity. Thirty-seven patients with
liver biopsy–confirmed NAFLD (18 women/19 men; age = 45.9 ± 12.7 years) completed
assessment of cardiorespiratory fitness (CRF, VO2peak), muscle strength (quadriceps peak torque),
body composition (%fat), and PA (current and historical questionnaire). Liver histology was used
to classify severity by steatosis (mild, moderate, severe), fibrosis stage (stage 1 versus stage 2/3),
necroinflammatory activity (NAFLD Activity Score; ≤4 NAS1 versus ≥5 NAS2) and diagnosis of
NASH by Brunt criteria (NASH versus NotNASH). Analysis of variance and independent t tests
were used to determine the differences among groups. Fewer than 20% of patients met
recommended guidelines for PA, and 97.3% were classified at increased risk of morbidity and
mortality by %fat. No differences were detected in VO2peak (x = 26.8 ± 7.4 mL/g/min) or %fat (x
= 38.6 ± 8.2%) among the steatosis or fibrosis groups. Peak VO2 was significantly higher in NAS1
versus NAS2 (30.4 ± 8.2 versus 24.4 ± 5.7 mL/kg/min, P = 0.013) and NotNASH versus NASH
(34.0 ± 9.5 versus 25.1 ± 5.7 mL/kg/min, P = 0.048).

Conclusion—Patients with NAFLD of differing histological severity have suboptimal HRF.
Lifestyle interventions to improve HRF and PA may be beneficial in reducing the associated risk
factors and preventing progression of NAFLD.

Nonalcoholic fatty liver disease (NAFLD) is now the most common cause of abnormal liver
enzymes in adults in the United States and the leading cause of referral to hepatology
clinics.1 Prevalence estimates in the general populations of the United States, Japan, and
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Italy are 25%, 29%, and 20%, respectively.2-4 The term “NAFLD” is used by convention to
describe a diverse range of histological abnormalities such as steatosis, steatohepatitis
(mixed macro- and microvesicular steatosis, lobular necroinflammation with fibrosis), and
cirrhosis.5 Although the exact pathophysiology of NAFLD has yet to be elucidated, insulin
resistance is now recognized as playing a central role.6 Other features of the metabolic
syndrome (abdominal obesity, type 2 diabetes mellitus, and dyslipidemia) are also common
in patients with NAFLD.7-9 Hepatic insulin resistance has been hypothesized as a common
feature of both NAFLD and the metabolic syndrome.10

The metabolic syndrome is associated with significantly increased morbidity and mortality,
specifically the risk of cardiovascular disease death.11 Epidemiological studies report a
lower prevalence of metabolic syndrome in individuals with higher participation in physical
activity (PA), higher muscle strength, and higher cardiorespiratory fitness (CRF; a measure
of oxygen transport to the working muscles, measured by peak oxygen uptake;
VO2peak).12-15 Higher CRF has also been shown to attenuate the metabolic syndrome profile
and associated increase in all-cause and cardiovascular disease mortality.16 Church et al.17

were the first to suggest a similar inverse relationship between CRF and the prevalence of
NAFLD,17 and Perseghin et al.18 demonstrated an inverse relationship between habitual PA
and intrahepatic fat content. However, health-related fitness (HRF) (CRF, muscle strength,
body composition) and PA participation have not been evaluated in patients with a
histological spectrum of NAFLD. Furthermore, it is unknown whether these HRF
components or PA participation correlate with NAFLD disease severity. These data are
crucial, as most therapeutic guidelines for persons with NAFLD suggest weight loss through
lifestyle changes that include diet modifications and exercise participation.5 However,
assessment of HRF is not addressed, and precise recommendations for exercise do not exist.

The aims of this study were to assess the HRF and PA participation of patients with a
histological spectrum of NAFLD. Also, we aimed to determine whether objective measures
of HRF and PA differ with severity of NAFLD.

Patients and Methods
This was a cross-sectional study of adult patients (≥18 years) with NAFLD recruited from
the Non-Alcoholic Steatohepatitis (NASH) Clinical Research Network NAFLD Database at
the University of California, San Francisco. Consecutive patients were invited to participate.
Inclusion criteria included histopathology confirming NAFLD and alcohol use history of
20/10 g/day or less (men/women). All subjects had standard laboratory testing to exclude
other causes of liver disease. Subjects with histopathological findings suggestive of another
liver disease were excluded. Patients were also excluded if they had a history of total
parenteral nutrition (previous 3 months), short bowel syndrome, bariatric surgery preceding
the diagnosis of NAFLD, or evidence of decompensated liver disease. Patients with
advanced pulmonary or cardiovascular disease, orthopedic limitations that precluded
exercise testing, or any absolute contraindications to exercise testing as established by the
American College of Cardiology/American Heart Association or the American College of
Sports Medicine19,20 were also excluded. All HRF and body composition testing was
performed in the Exercise Physiology and Body Composition Laboratory of the University
of California, San Francisco CTSI Clinical Research Center. All details of this study were
approved by the local Institutional Review Board, and all patients gave written informed
consent.

Histological Assessment of NAFLD
Histology slides from a standard-of-care liver biopsy were obtained to confirm the diagnosis
of NAFLD for all subjects. A single pathologist, blinded to the patients’ clinical status,
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reviewed the slides. This included assessment of steatosis, lobular inflammation,
hepatocellular ballooning, and fibrosis as described by Kleiner et al.,21 also allowing
determination of the NAFLD Activity Score (NAS). The composite NAFLD Activity Score
(NAS – the unweighted sum of the scores for steatosis, lobular inflammation, and
hepatocellular ballooning, ranging from 0-8) were used to assess disease activity, a NAS ≤ 4
reflecting low activity and NAS ≥ 5 reflecting high activity. In addition, the histological
diagnosis of NASH was made according to Brunt et al.,22 with modifications made a priori:
NASH was defined based on the presence of at least grade 1 steatosis with hepatocyte
ballooning or at least grade 1 steatosis and with perisinusoidal fibrosis (but not isolated
periportal fibrosis) with lobular inflammation. Categorized component scores, steatosis
(mild, moderate, and severe), fibrosis [stage 1 mild (Fibrosis1) versus stage 2, 3 moderate–
severe (Fibrosis2)], NAS scores [NAS ≤ 4 (NAS1) versus NAS ≥ 5 (NAS2)], as well as
diagnosis of NASH (NASH versus NotNASH) were used in this study to assess NAFLD
disease severity and activity. All of the following study assessments took place within 4
months (mean, 2.0 ± 1.6 mo.) of the liver biopsy without any interim therapeutic
interventions.

Demographic Data and Laboratory Data
Medical record review and patient interviews were used to obtain medical health histories.
The National Cholesterol Education Program’s Adult Treatment Panel III report criteria
were used to classify patients with metabolic syndrome.23 Standard clinical, anthropometric,
and biochemical measurements were obtained. Laboratory evaluation included aspartate
aminotransferase (AST), alanine aminotransferase, fasting blood glucose, and insulin and
standard lipid measurements. Surrogate measurements of insulin resistance, insulin
sensitivity, and beta-cell insulin sensitivity were calculated according to the original
homeostasis model assessment (HOMA1-IR; normal = 1) method,24 as well as the updated
HOMA2 insulin sensitivity and HOMA2 beta-cell insulin sensitivity (normal insulin
sensitivity and beta-cell insulin sensitivity = 100%) computer model.25

Health-Related Fitness Measures
Cardiorespiratory Fitness—Symptom-limited graded exercise testing was performed on
a treadmill using a branching protocol19 that established a comfortable walking speed, after
which the speed and grade were increased to achieve a 1 to 2 metabolic equivalent (MET)
increment between stages. The work rate increased every 2 minutes until the subject was
unable to continue (volitional fatigue) or until there was an indication to discontinue the test
(that is, electrocardiographic changes, inappropriate blood pressure response).19 Blood
pressure and a continuous 12-lead electrocardiogram monitoring were performed. Ratings of
perceived exertion (subjective rating of effort) were measured at each stage on a 6-20
scale.26 Oxygen consumption (VO2) was determined using an open-circuit spirometry
system (Quinton metabolic cart, Bothell, WA), calibrated against known gases before each
test. Respiratory gases were analyzed for volume and fractions of oxygen and carbon
dioxide, and VO2 was calculated. Oxygen uptake at the highest tolerated intensity of
exercise (VO2peak) was determined and expressed relative to body weight (milliliters of O2
per kilogram of body weight per minute). Age-predicted VO2peak was determined using
formulas reported for sedentary normal individuals by Bruce et al.27: VO2peak for men =
57.8 − (0.445 × age), and VO2peak for women = 42.3 − (0.356 × age).

Muscle Strength—Quadricep muscle strength was measured using an isokinetic muscle
function testing system (Biodex III, Shirley, NY). The right leg was secured over the thigh
and attached to a dynamometer distal to the calf, allowing for isolation of the quadriceps
muscle group. The patient performed maximal effort knee extension at a controlled speed of
180 per second for 20 repetitions. The variables measured for analysis were peak torque
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(highest torque produced during the set of repetitions) and peak torque relative to body
weight. Normative values are presented in data from Biodex and by Akima et al.28

Body Composition and Distribution—Body composition and distribution was
determined using dual energy x-ray absorptiometry (Lunar Prodigy; GE Healthcare,
Madison, WI). The instrument was calibrated daily per the manufacturer’s guidelines. Lean
body mass (kg) and fat mass (kg) were determined from a whole body scan, and percent fat
(%fat) was calculated. A waist-to-hip fat ratio was determined between the fat tissue in the
android (central) and gynoid (hip and thigh) software-defined regions.

Physical Activity Participation—Physical activity was assessed for current and
historical participation. Current PA was classified as inactive, somewhat active, or active in
cardiovascular exercise using a series of questions, allowing classification according to the
Surgeon General’s report guidelines.11 The classification of active required cardiovascular
exercise 3 or more times per week for at least 30 minutes per session at an intensity
described as “moderate effort” or greater. Participation in “some” cardiovascular exercise
(that is, 2 times per week or for less than 30 minutes) was categorized as “some activity,”
and “inactive” represented those that performed less than “some” exercise. The Historical
Physical Activity Survey assessed PA participation over the previous 10 years,29 reflecting
the long natural history of NAFLD. The instrument includes 21 types of physical and
occupational activities—the outcome variables were average hours per week of leisure-time
PA participation and average intensity of the activity (MET; 1 MET is equivalent to the
energy expenditure for a person at rest) over the past 10 years.

Data Analysis
Descriptive statistics (means, standard deviations) were calculated for all continuous
variables, and frequencies and percentages were generated for the noncontinuous variables.
Chi-squared analyses were used to test for differences among groups in nominal categorical
outcomes. Kendall’s Tau was used to measure the relationship between ordinal categorical
variables. Primary analysis used one-way analysis of variance with one between-subjects
factor (group: steatosis: mild, moderate, severe) to examine differences among steatosis
groups in CRF (VO2peak), total body fat (%fat), body fat distribution (android: gynoid ratio),
muscle strength (peak torque per body weight), and 10-year past participation in PA (hours
of activity and METs). When appropriate (significant analysis of variance F value), post-hoc
pairwise contrasts using the Tukey criteria were examined to determine specifically where
group differences occurred. For secondary analyses, the disease severity indices were
dichotomized into clinically meaningful groups. Three secondary analyses were conducted
to examine the differences in HRF and physical activity outcomes between (1) fibrosis
stages (Fibrosis1 versus Fibrosis2), (2) NAFLD Activity Score scores (NAS1 versus NAS2),
and (3) the presence or absence of a NASH diagnosis (NASH versus NotNASH) with
independent t tests.

In addition, one-way analysis of variance with one between-subjects factor (group: active,
some activity, inactive) was used to examine differences among the determinants of HRF
and PA participation in our NAFLD sample. For all analyses, statistical significance was set
at an alpha level of 0.05.

Results
Subjects

Forty-three patients were recruited for the study, and 6 patients declined participation.
Thirty-seven patients completed testing (Table 1). Forty-nine percent of the sample was
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white, 27% Hispanic, 19% Asian, 3% African American, and the remaining reported more
than 1 ethnicity. All 12 patients with hypertension were receiving pharmacological
treatment, but only 1 of 3 with diabetes and 4 of 10 with hyperlipidemia were being treated.
Fiftyone percent of our sample met the The National Cholesterol Education Program’s Adult
Treatment Panel III criteria for metabolic syndrome.

Primary Analysis: Comparison of the Steatosis Groups—Demographic
characteristics of the subjects by severity of steatosis (mild, moderate, severe) are shown in
Table 1. There were no differences detected in age, ethnicity, or prevalence of the metabolic
syndrome among the 3 steatosis groups. A significant difference was found among the
steatosis groups in levels of AST (F2,32 = 4.468, P = 0.019). AST was significantly higher in
the severe steatosis group as compared with the moderate group (P = 0.017). Other
laboratory values, including measures of insulin resistance, did not differ significantly
among the steatosis groups. Histopathological differences among the steatosis groups
included lobular inflammation score (F2,34 = 4.154; P = 0.024) and NAFLD activity score
(F2,34 = 18.602; P < 0.0001). Not unexpectedly, the mean lobular inflammation was greater
in the severe steatosis group compared with the moderate group (P = 0.031).

Cardiorespiratory Fitness—All patients tolerated the CRF testing without adverse
events. Patients reported terminating the exercise test because of exertional shortness of
breath (51%), leg fatigue (24%), and overall fatigue (19%). All HRF outcome data by
steatosis grade are presented in Table 2. Two tests were stopped by the examiners, one
because of significant S-T segment depression (asymptomatic, resolved in recovery) and the
second because of low back pain. The exercise tests were “near maximal” effort based on
standard criteria. There were no differences detected in any of the physiological measures
among the steatosis groups, and all groups demonstrated below average age-predicted CRF,
as assessed by VO2peak.

Muscle Strength—A significant difference was found in quadriceps peak torque (F2,33 =
5.317, P = 0.01) and peak torque adjusted for body weight (F2,33 = 4.027, P = 0.027) among
the groups. The moderate steatosis group demonstrated greater peak torque (P = 0.01) and
peak torque per body weight (P = 0.02) as compared with the mild group.

Body Composition and Distribution—There were no differences detected in any of the
body composition variables assessed among the steatosis groups. Approximately 84% of all
patients were classified as overweight or obese (body mass index > 25.0 or 30, respectively),
and 97.3% of patients had excessive total body fat (>25% men, >30% women).30

Physical Activity Participation
Current physical activity participation: There were no differences found in the proportion
of patients classified as active, somewhat active, or inactive using self-report among the 3
steatosis groups (Table 3). Less than 20% of the mild and moderate steatosis groups and
approximately 33% of the severe group reported meeting the Surgeon General’s PA
recommendations.11 Overall, 62.2% of the patients reported participating in “some” PA, and
18.9% of the sample reported no regular PA participation at all.

Past physical activity participation: A significant difference was found in average MET
intensity (activity effort) on the Historical Physical Activity Survey questionnaire (F2,34 =
4.303, P = 0.022) among the groups. The mild steatosis group demonstrated a lower average
activity effort as compared with the moderate (P = 0.030) and severe (P = 0.049) groups. No
differences were detected in the total average hours per week of physical activity
participation or in either the time spent in low or moderate to vigorous physical activities.
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Approximately 74% of the reported activity was classified as low-intensity activities (<4.5
METs) and 26% as moderate or vigorous-intensity activities (>4.5 METs).

Secondary Analysis 1: Comparison by Fibrosis Groups—The demographic
characteristics of Fibrosis1 (n = 25) versus Fibrosis2 (n = 12) were comparable. The only
difference in laboratory measurements was a higher AST in the Fibrosis2 group (93.1 ± 56.5
U/L) as compared with Fibrosis1 (55.4 ± 24.2 U/L; P = 0.046). More extensive
hepatocellular ballooning (1.3 ± 0.49 versus 0.76 ± 0.66; P = 0.012), higher NAS scores (5.3
± 1.3 versus 4.1 ± 1.6; P = 0.032), and a greater percent of NASH (100% versus 72%, P =
0.042) was found in Fibrosis2 versus Fibrosis1.

There were no differences detected in CRF, muscle strength, or the current or past (10 year)
PA participation assessed between the 2 fibrosis groups. The only body composition
difference between the 2 groups was the dual energy x-ray absorptiometry waist-to-hip fat
measure, (android:gynoid ratio), which was significantly greater in the Fibrosis1 group (1.24
± 0.18 versus 1.11 ± 0.16; P = 0.038).

Secondary Analysis 2: Comparison by NAFLD Activity Score—Demographic
variables were similar between the 2 NAS groups (NAS1, n = 15 versus NAS2, n = 22).
AST was significantly higher in the NAS2 (97.1 ± 50.5 versus 83.3 ± 51.9 U/L; P = 0.046),
and histology affirmed the NAS2 group to have greater steatosis (P < 0.001), fibrosis (P =
0.022), lobular inflammation (P < 0.001), hepatocellular ballooning (P = 0.014), and a
greater percentage of NASH diagnoses (100% versus 53%, P < 0.001). No differences were
detected in muscle strength, body composition, or current or past (10 years) PA participation
assessed between the 2 NAS groups. However, VO2 peak was significantly higher (P =
0.013) in the NAS1 group (30.4 ± 8.2 mL/kg/min) versus the NAS2 group (24.4 ± 5.7 mL/
kg/min) (Fig. 1).

Secondary Analysis 3: Comparison by NASH Diagnosis—Demographic and
laboratory values were similar between the 2 NASH groups (NASH versus NotNASH), and
lobular inflammation, fibrosis, and a higher NAS were more common in the NASH group (P
≤ 0.001). No differences were detected in muscle strength, body composition, or current PA
between the 2 NASH groups. Peak VO2 was significantly higher (P = 0.048) in the
NotNASH group (34.0 ± 9.5 mL/kg/min) versus the NASH group (25.1 ± 5.7 mL/kg/min)
(Fig. 1). Time spent in moderate to vigorous PA over the past 10 years was greater (P =
0.005) for the NotNASH group (7.8 ± 5.1 hours/week) as compared with the NASH group
(3.1 ± 3.4 hours/week).

Additional analyses (that is, lobular inflammation and ballooning versus HRF) were also
performed, and no statistically significant differences were detected between these
dichotomized groups for any of the HRF variables.

Health-Related Fitness and Physical Activity Participation Among Activity
Groups—A significant difference was found in peak torque per body weight (F2,33 =
3.953, P = 0.029) among the 3 activity groups (active, some activity, inactive). The active
group demonstrated greater peak torque per body weight (P = 0.028) as compared with the
inactive group. Similarly, a significant difference was found in %fat (F2,34 = 3.619, P =
0.038) among the 3 activity groups. The active group had lower %fat (P = 0.033) as
compared with the inactive group. In addition, a difference was detected in average 10-year
METs (F2,34 = 3.480, P = 0.042) among the 3 activity groups was found. The active group
participated in higher MET activities (P = 0.039) over the past 10 years than the inactive
group.
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Discussion
This study is the first to define and compare health-related fitness (CRF, body composition,
muscle strength) and PA participation in patients with a histological spectrum of NAFLD
using objective, scientifically valid assessments. Although we did not detect significant
differences among the individual steatosis and fibrosis severity groups in the components of
HRF or PA participation, we did find worse CRF associated with increasing NAFLD
activity and with disease severity by NASH diagnosis. The consistent trend for both of these
measures is suggestive of a true association. Additionally we found that patients across a
spectrum of NAFLD severity have suboptimal CRF, muscle strength, body composition, and
PA participation.

Cardiorespiratory fitness, assessed by VO2peak, has been shown to have an inverse
relationship with the prevalence of metabolic syndrome.15 Age-adjusted VO2peak values of
less than 29.1 mL/kg/min in men were shown to have a 6.4-fold greater likelihood of having
metabolic syndrome than those with values ≥35.5 mL/kg/min.15 Conversely, VO2peak ≥
38.8 mL/kg/min in men has been shown to attenuate the metabolic syndrome profile and
associated all-cause and cardiovascular disease mortality.16 A similar attenuation of all-
cause mortality has also been demonstrated in women with CRF greater than 39.9 mL/kg/
min.31 Our study revealed no differences in VO2peak among the steatosis or fibrosis severity
groups, but did demonstrate higher CRF in the NAS1 and the NotNASH groups as
compared with the NAS2 and NASH groups, respectively. This provocative finding raises
the question of a cause-or-effect phenomenon: Does CRF attenuate NAFLD or does
increasing NAFLD severity result in a decline in CRF?

The mean VO2peak of 26.8 ± 7.4 mL/kg/min falls below sedentary age-predicted norms (for
both men and women) and is in the increased risk category of metabolic syndrome. Only
one other study by Church et al.17 has reported CRF in NAFLD patients (n = 24), albeit with
higher values (mean = 34.6 ± 7.4 mL/kg/min) than we observed, but the VO2peak was
estimated from treadmill walking time, not directly measured. Importantly, their study
population was defined by surrogate markers of NAFLD such as alanine aminotransferase
and imaging that are now typically considered lacking in specificity and sensitivity.

Associations between muscle strength and the metabolic syndrome have been reported.13 A
study of 8570 men aged 20 to 75 years found a significant inverse correlation between age-
specific muscular strength score adjusted for body weight and the prevalence of metabolic
syndrome, which remained significant even after adjustment for CRF. Our study is the first
to document the muscle strength of patients with NAFLD. Mean quadricep peak torque
adjusted for body weight for all subjects was below a normative value range (women, 58%;
men, 77%).

Our combined incidence of overweight and obese patients with NAFLD (84%) falls in the
range reported by others (73%-93%).32-34 Body composition assessment that quantifies
percent fat provides important metabolic information. Approximately 97% of our total
sample met the %fat criteria for being at increased risk of cardiovascular disease and
diabetes (>25% in men, >30% women).30 Only one other study35 has reported the %fat of
NAFLD patients of 35.3% ± 13%, similar to the 38.6% ± 8.2% we report.

Physical inactivity is an important factor in the development of obesity, cardiovascular
disease, and type 2 diabetes mellitus.36 The current study assessed both current and 10-year
past PA participation. Fewer than 20% of our sample reported currently participating in
regular PA that would classify them as “active.” Furthermore, approximately 20% reported
participating in absolutely no leisure-time PA. These data may help explain the low CRF
and muscle strength, as well as the high %fat observed in this group. This study is the first to
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examine the historical (10-year) physical activity participation of NAFLD patients.
Surprisingly, our data revealed that the mild steatosis group reported significantly lower
average intensity of activity (MET intensity) than the moderate or severe steatosis groups
over the past 10 years. This finding may be attributable to recall error.

Two other studies have examined the relationship between recent PA participation and
NAFLD. Perseghin and colleagues18 compared PA participation with intrahepatic fat by 1H
magnetic resonance spectroscopy and demonstrated a significantly higher PA index total in
normal controls as compared with the fatty liver group. In addition, they found that
intrahepatic fat content was lowest in the most physically active quartile of the total sample
(P < 0.001). Another study reported the estimated energy expenditure from a 7-day PA
recall questionnaire and showed higher values in those with low global NASH scores
compared with those with high global NASH scores.37 These studies suggest the beneficial
impact of PA participation on NAFLD. Differences in results between our study and these
others may lie in measurement tools used or classification of NAFLD.

Our study is arguably limited by several aspects of design. Based on our sample size, our
results may not be generalizable to all NAFLD patients. However, this study is the first to
examine a spectrum of patients, with outcomes based on strict histological criteria. And,
although the possible role of sampling variability of the biopsy may affect interpretation, the
impact of sampling error appears to be small in the assessment of steatosis and disease
activity by NAS.38 Although there was a relationship between the presence of NASH and
HRF, the lack of similar findings with the severity of both steatosis and fibrosis is difficult
to explain. Such a relationship may exist, but may not have emerged in such a sample or a
sample containing few patients with severe disease. Though our finding of low HRF in
subjects with NASH could be related to concomitant comorbidities, we did not find a
difference in the presence of metabolic syndrome between the NASH groups, suggesting
that controlling for these comorbidities likely would not alter the findings. Lastly, in terms
of our PA participation data, we cannot rule out recall errors and bias. However, the
Historical Physical Activity Survey was interviewer-administered, and we used cognitive
interviewing techniques (memory cues and think-aloud techniques) to improve recall.

In summary, this study demonstrates suboptimal HRF and PA participation of patients with
NAFLD across a histological spectrum of disease. Despite our study limitations, we believe
the objective demonstration of low CRF and muscle strength with a high incidence of
obesity illustrates the potential clinical relevance of these measurements both before and
after interventions. The finding that severity of NAS and a diagnosis of NASH may be
associated with CRF and past PA raises the possibility of a defined therapeutic role for
prevention and exercise intervention. Future studies should include a randomized controlled
trial of exercise training that is well defined, monitored, and precisely quantified to elucidate
the direct effects on NAFLD histopathology. In the meantime, it would appear rational and
prudent for healthcare providers to recommend exercise training to improve health-related
fitness as an integral role in the care of patients with NAFLD.
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Abbreviations

AST aspartate aminotransferase

CRF cardiorespiratory fitness

HOMA homeostasis model assessment

HRF health-related fitness

MET metabolic equivalent

NAFLD nonalcoholic fatty liver disease

NAS NAFLD activity score

NASH nonalcoholic steatohepatitis

PA physical activity

VO2peak peak oxygen uptake
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Fig. 1.
Cardiorespiratory fitness assessed by peak oxygen consumption (VO2peak) according to
NAFLD activity score (NAS1 = NAS ≤ 4, NAS2 = NAS ≥ 5) and disease severity (NASH
diagnosis). *P < 0.05 compared to NAS2; **P < 0.05 compared to NASH.
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Table 1

Demographic Characteristics By Steatosis Grade

All (n = 37) Mild Steatosis (n = 11) Moderate Steatosis (n = 14) Severe Steatosis (n = 12)

Age (yr) 45.9 ± 12.7 50.4 ± 13.1 42.5 ± 11.9 46.0 ± 12.8

Sex (M/F) 19/18 4/7 10/4 4/8

Comorbidities n (%)

 Hyperlipidemia 10 (27.0) 3 (27.2) 8 (57.1) 7 (58.3)

 Hypertension 12 (32.4) 3 (27.2) 5 (35.7) 4 (33.3)

 Type 2 diabetes mellitus 3 (8.1) 1 (9.0) 0 2 (16.6)

Laboratory test

 ALT (U/L) 91.6 ± 50.8 81.7 ± 41.6 89.9 ± 62.7 102.3 ± 47.2

 AST (U/L) 68.3 ± 41.7 61.2 ± 38.7 48.5 ± 19.9 93.8 ± 49.5b

 Fasting glucose (mg/dL) 96.2 ± 16.0 92.6 ± 11.1 96.9 ± 18.0 98.7 ± 18.1

 Fasting insulin (μU/mL) 22.2 ± 24.4 15.2 ± 7.1 20.9 ± 13.7 28.4 ± 38.8

 HOMA1-IR 4.4 ± 2.9 3.6 ± 1.9 5.1 ± 3.4 7.7 ± 12.6

 HOMA2-%S 62.3 ± 48.0 66.6 ± 52.4 54.6 ± 34.9 69.6 ± 60.8

 HOMA2-%B 152.3 ± 84.5 126.8 ± 54.6 168.7 ± 101.5 152.3 ± 84.5

Metabolic syndrome n(%) 19 (51.4) 3 (27.3) 8 (57.1) 8 (66.7)

Histopathology

 Steatosis 2.0 ± 0.8 1.0 ± 0.0 2.0 ± 0.0 3.0 ± 0.0

 Lobular inflammation 1.5 ± 0.7 1.0 ± 0.9a 1.6 ± 0.5 1.7 ± 0.6

 Hepatocyte ballooning 0.9 ± 0.7 0.9 ± 0.9 0.9 ± 0.5 1.0 ± 0.6

 NAFLD activity score 4.5 ± 1.6 2.9 ± 1.6a,c 4.6 ± 0.6b 5.7 ± 0.9

 Fibrosis 2.2 ± 1.6 1.9 ± 1.9 1.9 ± 1.1 2.7 ± 1.7

 NASH n (%) 30 (81.1) 7 (63.6) 12 (85.7) 11 (91.7)

Values are mean ± SD.

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein cholesterol; HOMA, homeostasis
model assessment; IR, insulin resistance; %S, insulin sensitivity; %B, β-cell function.

a
Mild versus moderate, P < 0.05.

b
Moderate versus severe, P < 0.05.

c
Mild versus severe, P < 0.05.
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Table 2

Comparison of Health-Related Fitness Components By Steatosis Grade

All (n = 37) Mild Steatosis (n = 11) Moderate Steatosis (n = 14) Severe Steatosis (n = 12)

Cardiorespiratory fitness

 Rest

  Heart rate (bpm) 86.3 ± 12.4 84.0 ± 19.2 90.6 ± 13.5 83.4 ± 13.7

  Systolic BP (mmHg) 130.1 ± 12.9 128.2 ± 9.4 135.6 ± 16.1 126.3 ± 10.0

  Diastolic BP (mmHg) 78.1 ± 11.3 76.7 ± 10.2 78.9 ± 14.6 78.3 ± 8.2

 Peak exercise

  Heart rate (bpm) 167.0 ± 20.9 160.6 ± 18.2 174.5 ± 15.1 162.8 ± 27.7

  Systolic BP (mmHg) 193.9 ± 27.1 182.2 ± 27.3 201.2 ± 25.4 193.8 ± 27.1

  Diastolic BP (mmHg) 77.9 ± 11.2 74.9 ± 11.5 78.3 ± 11.9 79.8 ± 10.4

  VE (L/min) 86.8 ± 34.7 85.5 ± 40.5 100.6 ± 33.4 70.6 ± 24.8

  VO2peak (mL/kg/min) 26.8 ± 7.4 26.6 ± 8.9 27.6 ± 5.7 26.1 ± 8.1

  Age-predicted VO2peak (%) 87.4 ± 20.1 94.9 ± 18.6 79.2 ± 14.4 90.1 ± 25.0

Muscle strength—quadricep

 Peak torque (ft · lbs) 73.8 ± 27.0 59.3 ± 24.3a 89.7 ± 22.4 67.9 ± 26.4

 Peak torque/body weight 37.0 ± 10.7 30.9 ± 9.9a 42.2 ± 8.0 36.5 ± 10.7

Body composition and distribution:

 BMI (kg/m2) 31.7 ± 6.3 31.3 ± 6.6 33.6 ± 6.7 30.0 ± 5.4

 Lean mass (kg) 54.6 ± 23.0 48.0 ± 18.4 66.2 ± 29.7 47.1 ± 10.6

 Fat mass (kg) 34.0 ± 11.9 34.1 ± 13.8 36.4 ± 12.6 31.0 ± 9.4

 Body fat (%) 38.6 ± 8.2 39.3 ± 9.9 37.2 ± 8.0 39.5 ± 7.0

 Android:gynoid ratio 1.2 ± 0.2 1.2 ± 0.2 1.3 ± 0.2 1.1 ± 0.1

 Waist:hip ratio 0.96 ± 0.07 0.94 ± 0.04 1.0 ± 0.59 0.94 ± 0.08

Values are mean ± SD.

Abbreviations: bpm, beats per minute; VE, peak ventilation; VO2peak, volume of oxygen consumed at the highest tolerated level of exercise;
BMI, body mass index.

a
Mild versus moderate, P < 0.05.
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Table 3

Comparison of Current and Past Physical Activity Participation by Steatosis Grade

All (n = 37) Mild Steatosis (n = 11) Moderate Steatosis (n = 14) Severe Steatosis (n = 12)

Current PA participation

 Self-report

  Active n (%) 7 (18.9) 2 (18.2) 1 (7.1) 4 (33.3)

  Some activity n (%) 23 (62.2) 6 (54.5) 10 (71.4) 7 (58.3)

  Inactive n (%) 7 (18.9) 3 (27.3) 3 (21.4) 1 (8.3)

Past 10yr PA participation

 Average MET intensity 4.6 ± 1.7 3.5 ± 2.4a,c 5.2 ± 1.1 5.1 ± 1.0

 Total leisure time PA (hours/week) 15.5 ± 9.5 14.3 ± 12.1 16.1 ± 6.6 15.5 ± 9.5

  Low-intensity (<4.5 METs) 11.6 ± 7.5 10.4 ± 9.1 11.3 ± 6.8 12.9 ± 6.9

  Moderate + vigorous (>4.5 METs) 4.0 ± 4.2 3.9 ± 5.1 4.9 ± 4.4 3.0 ± 2.8

Values are mean ± SD.

Abbreviations: PA, physical activity; MET, metabolic rate or energy expenditure.

a
Mild versus moderate, P < 0.05.

b
Moderate versus severe, P < 0.05.

c
Mild versus severe, P < 0.05.
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