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Abstract

The purpose of this study was to determine the relationship between liver histology, exercise 

tolerance and diastolic function in patients with nonalcoholic fatty liver disease (NAFLD). 

Myocardial remodeling and diastolic dysfunction have been associated with NAFLD. However, its 

physiological impact and relationship to the histological severity of NAFLD is not known. 

Cardiopulmonary exercise testing and stress echocardiography was performed in subjects with 

biopsy-confirmed NAFLD. Maximal aerobic exercise capacity (peak oxygen consumption [VO2]) 

was related to diastolic function (mitral annulus Doppler velocity e’ and ratio of early diastolic 

filling pressure [E] to e’ [E/e’]) at rest and peak exercise. Autonomic dysfunction was determined 

from heart rate recovery after exercise. Independent predictors of cardiac function and exercise 

capacity were identified by multivariable regression. Thirty-six subjects (nonalcoholic fatty liver 

[NAFL=15], nonalcoholic steatohepatitis [NASH=21]) were enrolled. NASH was associated with 

impaired exercise capacity compared to NAFL (median peak VO2 17.0 [15.4, 18.9] vs. 19.9 [17.4, 

26.0], P=001); pVO2 declined with increasing fibrosis (F0=22.5, F1=19.9, F2=19.0, F3=16.6 mlkg
−1min−1; P=0.01). Similarly, E/e’ during exercise increased progressively with increasing fibrosis 

(F0=5.6, F1=6.5, F2=8.7, F3=9.8; P=0.02). Finally, heart rate recovery, a marker of autonomic 

function, was blunted in those with higher fibrosis stages (F0=25 [20, 30], F1=23 [17.5, 27.0], 

F2=17 [11.8, 21.5], F3=11 [8.5, 18.0] beats per minute; P<0.01). Fibrosis was an independent 

predictor of these functional outcomes. In conclusion, NASH is associated with impaired exercise 
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capacity and diastolic dysfunction compared to NAFL. The severity of impairment is directly 

related to the severity of fibrosis stage in precirrhotic stages of NAFLD.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease 

affecting 1 in 3 Americans and has two principal histological sub-types, i.e. nonalcoholic 

fatty liver (NAFL) characterized by hepatic steatosis with little to no inflammation and 

activity, which contrasts with nonalcoholic steatohepatitis (NASH), characterized by hepatic 

steatosis accompanied by necroinflammatory activity and propensity for fibrosis progression 

and cirrhosis.1,2 NAFLD, especially NASH, is associated with increased cardiovascular 

mortality independent of metabolic risk factors.3,4 Recent studies have identified an 

association between diastolic dysfunction and NAFLD5–8 characterized by impaired 

ventricular relaxation, increased myocardial thickness and epicardial fat content.5,6,9 It is 

however unknown if these findings are present in all individuals with NAFLD, those with 

NASH alone, or NASH with a certain level of disease activity or fibrosis. Furthermore, it is 

not known if the observed changes in myocardial structure and function are clinically 

meaningful. Thus, we aimed to define the functional impact of diastolic function using 

cardiopulmonary exercise testing (CPET) and stress echocardiography in subjects with 

histologically confirmed NAFLD of varying severity.

METHODS

Patients undergoing a liver biopsy for suspected NAFLD as part of standard of care from 

2016 to 2017 were prescreened for this study and subjects with histologically confirmed 

NAFLD were invited to participate in this study. Subjects with poorly controlled 

hypertension (systolic pressure >140mmHg and diastolic pressure >90mmHg) or diabetes 

(hemoglobin A1c≥ 8.5) were excluded to avoid potential confounding effects of increased 

afterload from hypertension or effects of uncontrolled hyperglycemia. Subjects with 

cirrhosis were excluded to avoid any potential confounding due to cirrhotic cardiomyopathy. 

Exclusionary cardiac disease was defined by a history of heart failure (HF), unstable angina, 

valvular heart disease and known history of cardiac arrhythmias. Those who were unable to 

exercise due to other co-morbidities or had contraindications for exercise testing were also 

excluded.10 Alcohol use was assessed using the AUDIT and those consuming more than 

20gm/day for women and 30gm/day for men were excluded.11 All liver biopsies were scored 

for features of NAFLD (steatosis, cytological ballooning and lobular inflammation) using 

the NASH Clinical Research Network (NASH CRN) scoring system by an expert 

histopathologist, who was blinded to the cardiac testing and patient data.2 Hepatic fibrosis 

was quantified from stages 0–4 according to NASH CRN criteria.2 The Duke Activity Status 

Index (DASI) questionnaire, a self-assessment tool to estimate perceived functional capacity 
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was used to quantify fatigue and exertional intolerance with activities of daily living (ADL).
12

A physician supervised, symptom-limited CPET was administered to all subjects using a 

conservative incremental ramping treadmill protocol.13 Ventilatory gas-analysis was 

performed pre-, during, and post-exercise using a metabolic cart to measure ventilation (VE), 

oxygen consumption (VO2), and carbon dioxide production (VCO2). Peak VO2 (pVO2), the 

criterion measurement of cardiorespiratory fitness (CRF) and a prognostic indicator in 

diastolic dysfunction14–16, was calculated as the highest interval average value of O2 

consumption during the final 30-seconds of exercise and reported relative to bodyweight 

(mL kg−1min−1). The ventilatory anaerobic threshold (VAT), a marker of submaximal CRF 

and an indicator of ADL tolerance, was calculated using the dual methods criteria. Ten 

second averaged VE and VCO2 data, from the initiation of exercise to peak, were used to 

calculate the minute ventilation/carbon dioxide production (VE/VCO2) slope, a marker of 

ventilatory efficiency that correlates with severity of diastolic dysfunction.18 Additionally, 

the VE/VCO2 slope was indexed to VO2 to normalize ventilatory efficiency relative to 

exercise capacity.19 The oxygen uptake efficiency slope (OUES), a submaximal indicator of 

aerobic capacity and marker of disease severity in the HF patient was determined from the 

linear relation of VO2 versus the logarithmic transformation of VE during exercise.20 The 

percent (%) of age-predicted maximal heart rate (%APMHR) achieved was determined 

using the equation: APMHR=220-age in years.21 Post-exercise HR recovery was defined as 

the difference in peak exercise HR minus the HR at 1 -minute into the recovery period 

(HRR-1’).22

To evaluate the impact of body composition on exercise capacity, all subjects had body mass 

index (BMI) calculated and body composition assessment via bioelectrical impedance 

analysis. Similarly, all patients underwent spirometry prior to exercise testing to rule out 

presence of co-morbid pulmonary disease and quantify respiratory status.14

All subjects underwent resting and exercise transthoracic Doppler echocardiography using 

standardized protocols to determine left-ventricular end-diastolic and left-ventricular end- 

systolic volumes, left ventricular ejection fraction (LVEF), early transmitral E wave velocity 

(E), and the early mitral annulus velocities (e’) by tissue Doppler averaged between the 

lateral and septal.23 The echocardiographers were blinded to histology and CPET results. 

The E/e’ ratio was calculated to estimate LV filling pressures.24

Continuous variables were reported with median and interquartile ranges for potential 

deviation from a Gaussian distribution. Discrete variables are reported as a number and %. 

The student T-test and Mann-Whitney test were used as appropriate for normal and skewed 

distribution, respectively. The non-parametric Jonckheere-Terpstra test for linear trend was 

used to define the association and direction of statistical significance between fibrosis stages 

(0–3). Pearson chi-square test was utilized to assess differences between fibrosis stage and 

nominal variables (cardiovascular disease (CVD) risk factors, medication usage). Spearman 

correlation coefficients were used to assess correlations between exercise test variables, 

Doppler echocardiography, and body composition variables. Statistical analysis was 
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performed using SPSS version 24.0 software (IBM Corp., Armonk, New York). Statistical 

significance was set at an alpha of p<0.05.

RESULTS

Thirty-six consecutive subjects with histologically confirmed NAFLD were included and 

baseline characteristics are presented in Table 1. Twenty-three subjects had NASH, and the 

distribution of hepatic fibrosis for stages 0, 1, 2, and 3 was 19%, 39%, 11%, and 31%, 

respectively. No statistically significant differences with regards to medication usage, 

physical activity levels, obesity, hypertension, or dyslipidemia were noted across fibrosis 

stages. The presence of diabetes (DM), however, was greater in patients with increasing 

degrees of hepatic fibrosis (P=0.01), but the hemoglobin A1C was not significantly different 

across groups.

The body composition, spirometry and hemoglobin values across fibrosis stages are listed in 

Table 2. The BMI and %fat mass were 34.0 kg/m2 (31.1–38.8) and 39.1% (33.8–45.9), 

respectively, and were not significantly different across the groups. No significant 

respiratory abnormalities were noted on spirometry, which were overall normal in the study 

cohort (Table 2). Furthermore, the VE/MVV ratio was 0.61 (0.5–0.72) for the entire cohort 

indicating sufficient breathing reserve (normal < 0.8) at peak exercise. There were no 

significant differences between any spirometry-related parameter across fibrosis stages.

The pVO2 was moderately reduced at 18.3 mL kg−1min−1 (16.0–22.2), or 66% of predicted, 

in the entire cohort. Furthermore, pVO2 was significantly lower in those with NASH when 

compared to those with NAFL (17.0 [15.4–18.9] vs. 19.9 [17.4–26.0] mL kg−1min−1, 

P=0.01) (Figure 1A). Similarly, subjects with NASH had lower exercise time (9.3 [7.9–11.7] 

vs. 12.0 [10.0–13.2] minutes, P=0.02) and VO2 at the VAT (13.2 [10.8–14.7] vs. 15.2 [14.2–

17.1] mLkg−1min−1; P=0.02) compared to those with NAFL.

There was a stepwise decrease in pVO2 (Figure 1B) with increasing fibrosis stage, with a 

pVO2 of 21.1 (18.3–26.2), 17.2 (16.3–21.4), 18.0 (14.4–24.5), and 16.7 (14.7–18.7) mLkg
−1min−1 for fibrosis stages 0–3, respectively (P=0.01). Similarly, the VAT (Figure 1C) also 

decreased with progressive fibrosis; stage 0 was 16.3 (12.6–18.4); fibrosis stage 1 was 14.6 

(12.4–15.6); fibrosis stage 2 was 14.4 (11.1–17.1), and fibrosis stage 3 was 13.1 (10.3–13.9) 

mLkg−1min−1, respectively (P=0.02). Exercise time also demonstrated a significant inverse 

linear trend (Figure 1D) relative to histological fibrosis (fibrosis stage 0=12.1 (10.5–13.2), 

fibrosis stage 1=10.5 (9.7–12.4), fibrosis stage 2=8.9 (7.7–12.2), fibrosis stage 3=9.1 (6.9–

10.9) minutes; P<0.01), respectively. Cytological ballooning also correlated with pVO2 (R=

−0.41, P=0.02), VAT (R=- 0.42, P=0.02), and exercise time (R=−0.46, P<0.01) (Table 3).

The most common expressions of exercise ventilatory efficiency, the VE/V CO2 slope and 

OUES were statistically similar among patients with NAFL and NASH and similar across 

fibrosis stages. However, there was a significant positive linear trend between ventilatory 

efficiency when indexed to relative oxygen consumption (VE/VCO2/VO2 ratio, P<0.01) and 

fibrosis stage (Figure 1E).
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The peak HR and %APMHR were 151 (131–166) bpm and 91 (82–97)% in the entire 

cohort; no differences in peak HR and %APMHR were noted in patients with NAFL when 

compared to those with NASH (160 [138–171] vs. 141 [130–156] bpm; P=0.08 and 93 [84– 

103]% vs. 88 [80–95]%; P=0.69, respectively). However, peak HR and %APMHR 

demonstrated a significant inverse linear trend with advancing fibrosis stage (Figures 2A, 

2B). No significant association between peak HR and %APMHR with the other individual 

histological parameters reflective of NASH (steatosis, lobular inflammation, cytological 

ballooning) was noted. A blunted post-exercise HRR-1’ was noted with increasing fibrosis 

stage decreasing from 25 (20–30) to 23 (18–27) to 17 (12–22) to 11 (9–18) bpm in subjects 

with fibrosis stages 0, 1, 2, and 3, respectively (P<0.01) (Figure 2C).

No association between diagnosis of NASH, liver histology, and resting echocardiography 

parameters was noted (Table 4). Resting E/e’ was inversely associated with pVO2 (R=

−0.508, P<0.01), VAT (R=−0.470, P=0.02), exercise time (R=−0.414, P=0.04), OUES (R=

−0.407, P=0.04), HRR-1’ (R=−0.530, P<0.01) and positively correlated with the VE/VCO2 

slope (R=0.427, P=0.03) and VE/VCO2/VO2 (R=0.617, P<0.01). Likewise, resting e’ was 

directly related pVO2 (R=0.461, P=0.02), VAT (R=0.472, P=0.02), exercise time (R=0.401, 

P=0.047), and HRR-1’ (R=0.397, P=0.049), and inversely with VE/VCO2/VO2 (R=−0.537, 

P<0.01).

In contrast, on stress echocardiography, a significant stepwise increase in stress E/e’ with 

increasing fibrosis stage was noted (Figure 3A). The stress E/e’ increased from 5.6 (4.8–7.4) 

in subjects with no fibrosis to 6.5 (5.2–8.6) in stage 1 fibrosis, 8.7 (6.0–12.8) in stage 2 

fibrosis, and 9.8 (6.6–19.6) in stage 3 fibrosis (P= 0.01). A trend between impaired LV 

relaxation (e’) with exercise and increasing hepatic fibrosis stages was also noted (P=0.06) 

(Figure 3B). The VE/VCO2/VO2 was inversely associated with stress e’ (R=−0.485, P=0.02) 

and positively with E/e’ (R=0.485, P=0.02). No association between echocardiographic 

parameters and other parameters of liver histology (steatosis, lobular inflammation, 

cytological ballooning) was noted.

The median DASI score for the cohort was 42.7 (29.6–50.7) and no significant differences in 

DASI scores were noted in patients with NASH vs. NAFL or increasing hepatic fibrosis 

stage. A statistically significant association between the DASI score and pVO2 (R=0.35, 

P=0.04), VAT (R=0.42, P=0.016), and exercise time (R=0.49, P<0.01) was demonstrated, 

indicating perceived ADL tolerance tracked appropriately with objective exercise metrics. 

Finally, no association between DASI and echocardiographic parameters was noted.

DISCUSSION

Diastolic dysfunction is increasingly being described in patients with NAFLD, likely due to 

shared risk factors such as DM, hypertension, and obesity.5,6 The current study demonstrates 

that the changes in ventricular relaxation noted in previous studies translates to functional 

impairment as demonstrated by decreased peak VO2, exercise time, and VAT. Furthermore, a 

significant inverse relationship between the E/e’, a marker of diastolic dysfunction, and 

pVO2, VAT, exercise time, and OUES was noted indicating a close link between the severity 
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of diastolic dysfunction and the markers of functional impairment studied. These changes 

were further significantly impacted by the severity of underlying liver disease.

Prior studies have shown that in early NAFLD, there are bioenergetic changes in the 

myocardium as defined by a reduced creatine phosphate to adenosine triphosphate ratio that 

precede structural changes.7 As disease progresses, patients with NAFLD tend to develop 

higher ectopic cardiac (myocardial, epicardial and pericardial) fat deposition6,25, 

underscoring the notion that ectopic fat deposition, inflammation and fibrosis are system-

wide phenomenon which are occurring in parallel in the liver and the heart in susceptible 

individuals. In the current study, progressive fibrosis and NASH was linked to a greater 

degree of diastolic dysfunction. Since diastolic dysfunction has been linked to cardiac 

fibrosis26, it is possible that the same mechanistic process driving fibrosis progression within 

the liver to end-stage liver disease also drives changes within the heart that can then lead to 

cardiac fibrosis and diastolic dysfunction.

Mirroring the levels of diastolic dysfunction, patients with higher fibrosis stages or NASH 

were more likely to have reduced exercise capacity. Reduced exercise capacity can arise 

from cardiac causes (diastolic and/or systolic dysfunction), impaired lung function, obesity, 

anemia, or skeletal muscle abnormalities.27 However, in this cohort, the spirometry values, 

BMI, body composition, and serum hemoglobin were similar across fibrosis stages, thus 

underscoring the independent relationship between NAFLD and cardiorespiratory fitness.

In healthy individuals, heart rate decreases rapidly after cessation of exercise, and the rate of 

decline is a marker of parasympathetic function.28 Abnormal heart rate recovery, defined by 

a blunted reduction in HR after exercise, is a marker of cardiac autonomic dysfunction and is 

associated with increased morbidity and mortality even in the absence of overt CVD.29 In 

the current study, many patients without overt diagnosis or signs of HF demonstrated 

marked abnormalities in HR recovery post-exercise which inversely trended with liver 

fibrosis stages; the worst HR recovery occurred in those subjects with bridging fibrosis, 

suggesting an increased risk of CVD and all-cause mortality.30 These findings build on prior 

studies showing that the severity of liver disease is associated with increases in CVD-related 

mortality.4 Our results support the concept that the degree of diastolic dysfunction, exercise 

capacity, and heart rate recovery in patients with NAFLD represent a system-wide process 

that also affects the heart.

As with all studies, while the current study provides several novel insights, it also raises new 

questions and has limitations. When the study was developed, there were no data to model 

sample size. While our projections indicate that the key findings have reasonable power, 

larger studies are needed to evaluate the impact of varying combinations of risk factors, 

disease activity, and fibrosis stage on diastolic dysfunction. Furthermore, it will be important 

to study if improvement in NASH fibrosis with weight-loss or drug intervention results in 

improved diastolic function and/or exercise capacity in this population. Further studies are 

also needed to better understand the mechanisms by which diastolic dysfunction progresses 

along with progression of NASH.
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In summary, this study provides proof that diastolic dysfunction in NAFLD is linked to 

impaired exercise capacity. The severity of impairment in exercise capacity and diastolic 

function is directly related to the stage of the liver disease.
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Figure 1A: 
Peak VO2 is higher in patients with NAFL compared to NASH.

Abbreviations: NAFL=nonalcoholic fatty liver disease; NASH=nonalcoholic steatohepatitis; 

ml/kg/min=milliliters per kilogram per minute; VO2=oxygen consumption.
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Figure 1B: 
Peak VO2 decreases as fibrosis stage increases.

Abbreviations: ml/kg/min=milliliters per kilogram per minute; VO2=oxygen consumption.
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Figure 1C: 
Hepatic fibrosis stage is inversely linked to ventilatory anaerobic threshold.

Abbreviations: ml/kg/min=milliliters per kilogram per minute.
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Figure 1D: 
Exercise time declines with increasing fibrosis stage.

Abbreviations: min=minutes.
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Figure 1E: 
VE/VCO2/VO2 ratio increases with higher fibrosis stage.

Abbreviations: VCO2=carbon dioxide production; VE=minute ventilation; VO2=oxygen 

consumption
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Figure 2A: 
Peak heart rate is lower during cardiopulmonary exercise testing in subjects with moderate 

and severe hepatic fibrosis.

Abbreviations: bpm = beats per minute.
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Figure 2B: 
Percent-predicted maximal heart rate achieved during cardiopulmonary exercise testing is 

lower in patients with bridging fibrosis.

Abbreviations: %=percent.
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Figure 2C: 
Heart rate recovery at 1-minute after exercise diminishes with increasing fibrosis.

Abbreviations: bpm = beats per minute.
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Figure 3A: 
The E/e’ on stress echocardiography is inversely related to hepatic fibrosis.

Abbreviations: E/e’= ratio of early transmitral E wave velocity (E) to early mitral annulus 

velocities (e’) by tissue Doppler averaged between the lateral and septal.
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Figure 3B: 
Early mitral annulus velocity (e’) by tissue Doppler averaged between lateral and septal on 

stress echocardiography correlates with severity of hepatic fibrosis.

Abbreviations: cm/s=centimeters per second; e’= early mitral annulus velocities by tissue 

Doppler averaged between the lateral and septal.
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Table 1:

Clinical characteristics of the study cohort (n = 36).

Variable N (% or IQR)

Age (years) 54 (48–60)

Female 24 (67%)

White 29 (81%)

Black 4(11%)

Hispanic 3 (9%)

Diabetes mellitus 23 (64%)

Hyperlipidemia 28 (78%)

Hypertension 31 (86%)

Obesity 29 (81%)

Steatosis grade

1 12 (33%)

2 16(44%)

3 8 (22%)

Lobular Inflammation grade

0 3 (8%)

1 24 (67%)

2 9 (25%)

3 0

Cytological Ballooning

None 15 (42%)

Few 14 (39%)

Many 7(19%)

Fibrosis stage

0 7(19%)

1 14 (39%)

2 4(11%)

3 11 (31%)

4 0

Nonalcoholic Steatohepatitis 23 (64%)

Hypertension/Hyperlipidemia defined as medical record diagnosis of, hypertension/ hyperlipidemia and/or current use of anti-hypertensive/lipid-

lowering pharmacologic therapies. Obesity defined as body mass, index ≥30.0 kg/m2.
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Table 2:

Body Composition, Spirometry & Hemoglobin data by Fibrosis stage.

Anthropometries Overall Stage 0 Stage 1 Stage 2 Stage 3 P-value

Body Mass Index (kg/m2) 34.0 31.4 34.0 34.4 36.1 0.58

(31.1–38.8) (27.6–39.2) (31.1–45.1) (28.8–43.0) (31.1–38.0)

Body Weight (kg) 91.9 77.3 94.4 90.7 98.2 0.33

(80.6–116.9) (70.3–121.4) (81.9–123.1) (82.7–120.2) (84.9–113.7)

Fat Mass (%) 39.1 38.6 44.0 44.5 35.7 0.92

(33.8–45.9) (31.6–44.1) (29.7–47.4) 31.5–47.3) (35.3–43.4)

Fat Free Mass (%) 60.9 61.4 56.0 55.6 64.4 0.89

(54.1–68.0) (55.9–68.4) (52.7–70.3) (52.7–68.5) (56.7–67.6)

Spirometry Parameters

Forced Vital
Capacity (Liters)

3.14 3.48 3.05 3.14 3.31 0.57

(2.82–3.87) (3.10–3.85) (2.58–3.47) (3.10–3.14) (2.35–4.22)

Forced Vital
Capacity (%)

91 97 90 91 91 0.14

(85–98) (92–101) (80–98) (86–91) (83–92)

Forced Expiratory
Volume-1second (Liters)

2.59 2.77 2.48 2.57 2.65 0.61

(2.25–3.07) (2.53–3.16) (2.21–2.82) (2.49–2.57) (1.83–3.19)

Forced Expiratory
Volume-lsecond (%)

94 99 90 95 93 0.25

(86–100) (94–105) (82–106) (86–95) (84–96)

FEV1/FVC ratio 0.80 0.82 0.81 0.79 0.79 0.44

(0.78–0.83) (0.79–0.82) (0.76–0.85) (0.72–0.79) (0.77–0.82)

Maximal Voluntary
Ventilation (Liters/min)

97.8 94.1 99.9 104.1 104.6 0.38

(80.1–123.1) (76.8–111.2) (82.4–121.2) (90.5–141.8) (74.8–127.8)

Maximal Voluntary
Ventilation (%)

93 89 99 108 105 0.37

(84–111) (82–90) (89–113) (88–121) (75–128)

Breathing Reserve (%) 39 34 39 42 46 0.07

(28–49) (12–41) (17–45) (32–56) (32–59)

Oxygen Carrying Capacity of Blood

Hemoglobin (g/dL) 13.9 13.6 14.3 13.0 0.57

(13.3–16.7) (12.7–15.6) (13.6–14.3) (12.4–13.7)

Abbreviations: kg/m2=kilograms per meter squared; %=percent; FVC=forced vital capacity; FEVl=forced expiratory volume in 1-second; g/
dL=grams per deciliter.
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Table 3:

Correlation between liver histology and key exercise test variables.

Histological Parameters Peak VO2 Ventilatory Anaerobic Threshold Exercise Time Heart Rate 
Recovery at 1 

min

Stress E/e’

R P-value R P-value R P-value R P-value R P-value

Steatosis −0.13 0.48 −0.44 0.81 −0.16 0.37 −0.81 0.65 0.33 0.88

Lobular Inflammation −0.19 0.29 0.56 0.76 −0.22 0.22 −0.33 0.06 0.18 0.42

Ballooning −0.41 0.017 −0.42 0.015 −0.46 <0.01 −0.43 0.011 0.09 0.69

Fibrosis −0.43 0.012 −0.37 <0.01 −0.46 <0.01 −0.57 <0.01 0.52 0.010

Abbreviations: VO2=oxygen consumption; E/e’= ratio of early transmitral E wave velocity (E) to early mitral annulus velocities (e’) by tissue 

Doppler averaged between the lateral and septal.
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Table 4:

Echocardio-Doppler parameters of the cohort stratified based on fibrosis stage.

Echocardio-Doppler parameters Overall Group Stage 0 Stage 1 Stage 2 Stage 3 P-value

LVEF(%) 55
(52–58)

58
(53–58)

55
(53–62)

60
(53–64)

54
(52–57) 0.21

E/A 0.95
(0.86–1.1)

1.07
(1.00–1.15)

0.96
(0.88–1.03)

0.99
(0.88–1.10)

0.87
(0.80–1.22) 0.10

Rest E/e’ 7.5
(5.9–9.4)

7.6
(5.7–8.3)

7.0
(6.0–8.1)

7.4
(6.2–10.7)

11.1
(5.7–16.3) 0.21

Stress e’ (cm/s) 13.0
(10.9–14.9)

14.0
(12.4–17.7)

13.6
(11.1–16.0)

11.6
(6.6–14.6)

11.6
(8.6–13.1) 0.06

Stress E/e’ 6.9
(5.6–10.2)

5.6
(4.8–7.4)

6.5
(5.2–8.6)

8.7
(6.0–12.8)

9.8
(6.6–19.6) 0.01

Abbreviations: LVEF=left-ventricular ejection fraction; E/A=ratio of peak early (E) velocity flow to late (A) peak velocity flow in diastole; E/e’= 
ratio of early transmitral E wave velocity (E) to early mitral annulus velocities (e’) by tissue Doppler averaged between the lateral and septal.
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