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Patients with Nonalcoholic Fatty Liver Disease

Joanne B. Krasnoff,! Patricia L. Painter, Janet P. Wallace,> Nathan M. Bass* and Raphael B. Merriman®

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 rela-
tionship between NAFLD severity and HRF or PA is unknown. Qur 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, VO;;,.1), 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 NASI1 versus =5 NAS2) and diagnosis of NASH by Brunt criteria (NASH versus
NotNASH). Analysis of variance and independent # tests were used to determine the differ-
ences 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 VO, (x = 26.8 * 7.4 mL/g/min) or %fat (x = 38.6 = 8.2%) among the
steatosis or fibrosis groups. Peak VO, 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. (HEPATOLOGY 2008;47:1158-1165.)

onalcoholic fatty liver disease (NAFLD) is now
the most common cause of abnormal liver en-

sis, steatohepatitis (mixed macro- and microvesicular ste-
atosis, lobular necroinflammation with fibrosis), and

zymes in adults in the United States and the
leading cause of referral to hepatology clinics.! Prevalence
estimates in the general populations of the United States,
Japan, and Italy are 25%, 29%, and 20%, respectively.>
The term “NAFLD?” is used by convention to describe a
diverse range of histological abnormalities such as steato-

cirthosis.> Although the exact pathophysiology of
NAFLD has yet to be elucidated, insulin resistance is now
recognized as playing a central role.® Other features of the
metabolic syndrome (abdominal obesity, type 2 diabetes
mellitus, and dyslipidemia) are also common in patients
with NAFLD.7? Hepatic insulin resistance has been hy-
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pothesized as a common feature of both NAFLD and the
metabolic syndrome.'©

The metabolic syndrome is associated with signifi-
cantly increased morbidity and mortality, specifically the
risk of cardiovascular disease death.!' Epidemiological
studies report a lower prevalence of metabolic syndrome
in individuals with higher participation in physical activ-
ity (PA), higher muscle strength, and higher cardiorespi-
ratory fitness (CRF; a measure of oxygen transport to the
working muscles, measured by peak oxygen uptake;
VOypeal). 121> Higher CRF has also been shown to atten-
uate the metabolic syndrome profile and associated in-
crease in all-cause and cardiovascular disease mortality.!¢
Church et al.'” were the first to suggest a similar inverse
relationship between CRF and the prevalence of
NAFLD,!” and Perseghin et al.'® 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 cor-
relate with NAFLD disease severity. These data are cru-
cial, as most therapeutic guidelines for persons with
NAFLD suggest weight loss through lifestyle changes that
include diet modifications and exercise participation.
However, assessment of HRF is not addressed, and pre-
cise 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 partici-
pate. Inclusion criteria included histopathology confirm-
ing NAFLD and alcohol use history of 20/10 g/day or less
(men/women). All subjects had standard laboratory test-
ing to exclude other causes of liver disease. Subjects with
histopathological findings suggestive of another liver dis-
ease were excluded. Patients were also excluded if they had
a history of total parenteral nutrition (previous 3
months), short bowel syndrome, bariatric surgery preced-
ing the diagnosis of NAFLD, or evidence of decompen-
sated liver disease. Patients with advanced pulmonary or
cardiovascular disease, orthopedic limitations that pre-
cluded exercise testing, or any absolute contraindications
to exercise testing as established by the American College
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of Cardiology/American Heart Association or the Amer-
ican College of Sports Medicine!®2° were also excluded.
All HRF and body composition testing was performed in
the Exercise Physiology and Body Composition Labora-
tory 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, reviewed the slides. This included assess-
ment of steatosis, lobular inflammation, hepatocellular
ballooning, and fibrosis as described by Kleiner et al.,?!
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 activ-
ity. In addition, the histological diagnosis of NASH was
made according to Brunt et al.,>*> 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 inflam-
mation. 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
II report criteria were used to classify patients with met-
abolic syndrome.?> Standard clinical, anthropometric,
and biochemical measurements were obtained. Labora-
tory 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,?* as well as the updated
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HOMAZ insulin sensitivitcy and HOMA2 beta-cell insu-
lin sensitivity (normal insulin sensitivity and beta-cell in-
sulin sensitivity = 100%) computer model.?>

Health-Related Fitness Measures

Cardiorespiratory Fitness. Symptom-limited graded
exercise testing was performed on a treadmill using a
branching protocol'? that established a comfortable walk-
ing 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 fa-
tigue) or until there was an indication to discontinue the
test (that is, electrocardiographic changes, inappropriate
blood pressure response).’® Blood pressure and a contin-
uous 12-lead electrocardiogram monitoring were per-
formed. Ratings of perceived exertion (subjective rating of
effort) were measured at each stage on a 6-20 scale.?
Oxygen consumption (VO,) 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 frac-
tions of oxygen and carbon dioxide, and VO, was calcu-
lated. Oxygen uptake at the highest tolerated intensity of
exercise (VOpea) was determined and expressed relative
to body weight (milliliters of O, per kilogram of body
weight per minute). Age-predicted VO, was deter-
mined using formulas reported for sedentary normal in-
dividuals by Bruce et al.?”: VOyy for men = 57.8 —
(0.445 X age), and VOjp for women = 42.3 —
(0.356 X age).

Muscle Strength. Quadricep muscle strength was
measured using an isokinetic muscle function testing sys-
tem (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 exten-
sion at a controlled speed of 180 per second for 20 repe-
titions. The variables measured for analysis were peak
torque (highest torque produced during the set of repeti-
tions) and peak torque relative to body weight. Normative
values are presented in data from Biodex and by Akima et
al.?s

Body Composition and Distribution. Body compo-
sition 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
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(central) and gynoid (hip and thigh) software-defined re-
gions.

Physical Activity Participation. Physical activity
was assessed for current and historical participation. Cur-
rent 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.!" 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” car-
diovascular 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,>
reflecting the long natural history of NAFLD. The instru-
ment includes 21 types of physical and occupational ac-
tivities—the outcome variables were average hours per
week of leisure-time PA participation and average inten-
sity 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 frequen-
cies and percentages were generated for the noncontinu-
ous variables. Chi-squared analyses were used to test for
differences among groups in nominal categorical out-
comes. Kendall’s Tau was used to measure the relation-
ship between ordinal categorical variables. Primary
analysis used one-way analysis of variance with one be-
tween-subjects factor (group: steatosis: mild, moderate,
severe) to examine differences among steatosis groups in
CRF (VO,peip), total body fat (%fat), body fat distribu-
tion (android: gynoid ratio), muscle strength (peak torque
per body weight), and 10-year past participation in PA
(hours of activity and METs). When appropriate (signif-
icant analysis of variance F value), post-hoc pairwise con-
trasts 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 differ-
ences 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 7 tests.

In addition, one-way analysis of variance with one be-
tween-subjects factor (group: active, some activity, inac-
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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) 459 = 12.7 50.4 = 13.1 425+ 119 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 = 38.7 485+ 19.9 93.8 + 49.5°
Fasting glucose (mg/dL) 96.2 = 16.0 92.6 £ 11.1 96.9 = 18.0 98.7 + 18.1
Fasting insulin (uU/mL) 222 +24.4 15271 20.9 £ 13.7 28.4 + 38.8
HOMA1-IR 44=*29 3.6 19 5.1 *34 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 20*+0.8 1.0 £ 0.0 2.0 = 0.0 3.0 0.0
Lobular inflammation 1.5*+0.7 1.0 = 0.9? 1.6 =05 1.7 0.6
Hepatocyte ballooning 09 +0.7 09 +09 09+05 1.0 £ 0.6
NAFLD activity score 45+ 1.6 2.9 * 1.68°¢ 4.6+ 0.6° 57+0.9
Fibrosis 22*16 1.9*+19 19+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, B-cell function.
aMild versus moderate, P << 0.05.
bModerate versus severe, P < 0.05.
°Mild versus severe, P < 0.05.

tive) 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 white, 27% Hispanic, 19% Asian, 3% African
American, and the remaining reported more than 1 eth-
nicity. 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. Fifty-
one percent of our sample met the The National Choles-
terol 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, eth-
nicity, or prevalence of the metabolic syndrome among
the 3 steatosis groups. A significant difference was found
among the steatosis groups in levels of AST (F,3 =
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 inflamma-
tion score (F, 34 = 4.154; P = 0.024) and NAFLD activ-
ity score (F,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
CREF testing without adverse events. Patients reported ter-
minating 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 pre-
sented in Table 2. Two tests were stopped by the exam-
iners, one because of significant S-T segment depression
(asymptomatic, resolved in recovery) and the second be-
cause of low back pain. The exercise tests were “near max-
imal” 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 VOypcak.

Muscle Strength. A significant difference was found
in quadriceps peak torque (F, 33 = 5.317, 2 = 0.01) and
peak torque adjusted for body weight (F, 33 = 4.027, P =
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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 1282 +9.4 135.6 = 16.1 126.3 = 10.0
Diastolic BP (mmHg) 78.1 = 11.3 76.7 = 10.2 789 + 14.6 783+ 8.2
Peak exercise
Heart rate (bpm) 167.0 = 20.9 160.6 = 18.2 1745 = 15.1 162.8 = 27.7
Systolic BP (mmHg) 193.9 = 27.1 182.2 = 27.3 201.2 =254 193.8 + 27.1
Diastolic BP (mmHg) 779 *+11.2 749 = 115 783 =119 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) 268 £ 7.4 26.6 = 8.9 27.6 £ 5.7 26.1 £ 8.1
Age-predicted VOapeax (%) 87.4 £20.1 949 + 18.6 79.2 = 14.4 90.1 £25.0
Muscle strength—quadricep
Peak torque (ft « Ibs) 73.8 = 27.0 59.3 *+ 24.32 89.7 =224 67.9 +26.4
Peak torque/body weight 37.0 £10.7 30.9 £9.92 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 £54
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+94
Body fat (%) 38.6 = 8.2 39.3£9.9 37.2 £80 395*70
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; VO2pear, volume of oxygen consumed at the highest tolerated level of exercise; BMI, body mass index.

aMild versus moderate, P < 0.05.

0.027) among the groups. The moderate steatosis group
demonstrated greater peak torque (2 = 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 vari-
ables 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).3°

Physical Activity Participation. Current physical
activity participation. There were no differences found
in the proportion of patients classified as active, some-
what 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 Gen-
eral’s PA recommendations.!! Overall, 62.2% of the
patients reported participating in “some” PA, and
18.9% of the sample reported no regular PA participa-
tion at all.

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 = 2.42¢ 52+ 1.1 5.1+ 1.0
Total leisure time PA (hours/week) 155+ 95 143 + 12.1 16.1 + 6.6 155+ 95
Low-intensity (<<4.5 METSs) 116 £75 10.4 £ 9.1 11.3 £ 6.8 129 £6.9
Moderate + vigorous (>4.5 METs) 4.0+ 4.2 39 %51 49 + 4.4 3.0x28

Values are mean = SD.

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

aMild versus moderate, P << 0.05.
bModerate versus severe, P < 0.05.
°Mild versus severe, P < 0.05.
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Past physical activity participation. A significant differ-
ence was found in average MET intensity (activity effort)
on the Historical Physical Activity Survey questionnaire
(F234 = 4.303, P = 0.022) among the groups. The mild
steatosis group demonstrated a lower average activity ef-
fort 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 moder-
ate to vigorous physical activities. Approximately 74% of
the reported activity was classified as low-intensity activ-
ities (<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 Fibrosisl
(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 com-
pared with Fibrosisl (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; 2 = 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 Ac-
tivity Score. Demographic variables were similar be-
tween 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 steato-
sis (P < 0.001), fibrosis (? = 0.022), lobular inflamma-
tion (P < 0.001), hepatocellular ballooning (P = 0.014),
and a greater percentage of NASH diagnoses (100% ver-
sus 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, VO, peak was significantly higher (7 =
0.013) in the NAS1 group (30.4 = 8.2 mL/kg/min) ver-
sus the NAS2 group (24.4 = 5.7 mL/kg/min) (Fig. 1).

Secondary Analysis 3: Comparison by NASH Diag-
nosis. 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 (= 0.001). No
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Fig. 1. Cardiorespiratory fitness assessed by peak oxygen consump-
tion (VOypear) 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.

differences were detected in muscle strength, body com-
position, or current PA between the 2 NASH groups.
Peak VO, 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 sta-
tistically significant differences were detected between
these dichotomized groups for any of the HRF variables.

Health-Related Fitness and Physical Activity Par-
ticipation Among Activity Groups. A significant differ-
ence was found in peak torque per body weight (F, 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 (2 = 0.028) as com-
pared with the inactive group. Similarly, a significant dif-
ference was found in %fat (F,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 (F, 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.

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 spec-
trum of NAFLD using objective, scientifically valid as-
sessments. Although we did not detect significant
differences among the individual steatosis and fibrosis se-
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verity groups in the components of HRF or PA participa-
tion, we did find worse CRF associated with increasing
NAFLD activity and with disease severity by NASH di-
agnosis. 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 VOopcak, has been
shown to have an inverse relationship with the prevalence
of metabolic syndrome.’> Age-adjusted VO, 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.'> Conversely,
VO,peak = 38.8 mL/kg/min in men has been shown to
attenuate the metabolic syndrome profile and associated
all-cause and cardiovascular disease mortality.’® A similar
attenuation of all-cause mortality has also been demon-
strated in women with CRF greater than 39.9 mL/kg/
min.3! Our study revealed no differences in VOjpeqi
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 VOypci of 26.8 = 7.4 mL/kg/min falls be-
low 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.!” 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 VO, 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 meta-
bolic syndrome have been reported.'> A study of 8570
men aged 20 to 75 years found a significant inverse cor-
relation between age-specific muscular strength score ad-
justed for body weight and the prevalence of metabolic
syndrome, which remained significant even after adjust-
ment for CRF. Our study is the first to document the
muscle strength of patients with NAFLD. Mean quadri-
cep 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 pa-
tients with NAFLD (84%) falls in the range reported by
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others (73%-93%).32% 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 cardiovas-
cular disease and diabetes (>25% in men, >30% wom-
en).3® Only one other study® 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 devel-
opment of obesity, cardiovascular disease, and type 2 di-
abetes mellitus.?® 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, approxi-
mately 20% reported participating in absolutely no lei-
sure-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 examine the historical
(10-year) physical activity participation of NAFLD pa-
tients. Surprisingly, our data revealed that the mild ste-
atosis 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 be-
tween recent PA participation and NAFLD. Perseghin
and colleagues'® compared PA participation with intrahe-
patic fat by 'H magnetic resonance spectroscopy and
demonstrated a significantly higher PA index total in nor-
mal 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 esti-
mated energy expenditure from a 7-day PA recall ques-
tionnaire and showed higher values in those with low
global NASH scores compared with those with high
global NASH scores.?” These studies suggest the benefi-
cial 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 de-
sign. 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 out-
comes 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 ac-
tivity by NAS.?® Although there was a relationship be-
tween 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
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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 co-
morbidities 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 limi-
tations, we believe the objective demonstration of low
CRF and muscle strength with a high incidence of obesity
illustrates the potential clinical relevance of these mea-
surements both before and after interventions. The find-
ing 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 inter-
vention. Future studies should include a randomized con-
trolled 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 provid-
ers to recommend exercise training to improve health-
related fitness as an integral role in the care of patients

with NAFLD.
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