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Abstract
AIM: To examine the utility of Six Minute Walk Test 
(6MWT) in patients with chronic liver disease (CLD). 

METHODS: Two hundred and fifty subjects between 
the ages of 18 and 80 (mean 47) years performed 
6MWT and the Six Minute Walk Distance (6MWD) was 
measured. 

RESULTS: The subjects were categorized into four 
groups. Group A (n  = 45) healthy subjects (control); 
group B (n  = 49) chronic hepatitis B patients; group C 
(n = 54) chronic hepatitis C patients; group D (n = 98) 
liver cirrhosis patients. The four groups differed in terms 
of 6MWDs (P  < 0.001). The longest distance walked was 
421 ± 47 m by group A, then group B (390 ± 53 m),  
group C (357 ± 72 m) and group D (306 ± 111 m). 
The 6MWD correlated with age (r  = -0.482, P  < 0.01), 
hemoglobin (r  = +0.373, P  < 0.001) and albumin  
(r  = +0.311, P  < 0.001) levels. The Chi ld-Pugh 
classification was negatively correlated with the 6MWD 
in cirrhosis (group D) patients (r  = -0.328, P  < 0.01). 
At the end of a 12 mo follow-up period, 15 of the 98 
cirrhosis patients had died from disease complications. 
The 6MWD for the surviving cirrhotic patients was longer 
than for non-survivors (317 ± 101 vs  245 ± 145 m, P  = 
0.021; 95% CI 11-132). The 6MWD was found to be an 
independent predictor of survival (P  = 0.024). 

CONCLUSION: 6MWT is a useful tool for assessing 
physical function in CLD patients. We suggest that 6MWD 
may serve as a prognostic indicator in patients with liver 
cirrhosis.
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INTRODUCTION
The assessment of  quality of  life has a significant impact 
on the management of  chronic liver disease (CLD) 
patients. Several studies have shown that CLD leads to 
a reduction in health-related quality of  life, particularly 
in terms of  functional capacity[1-5]. Most such studies 
examining functional capacity involve questionnaires such 
as the Medical Outcome Study Short Form Questionnaire 
(SF-36) and the Chronic Liver Disease Questionnaire 
(CLDQ). These questionnaires are exclusively research 
tools, and the recording of  information from such 
questionnaires can be difficult to incorporate into daily 
clinical practice. While exercise tests can also be used to 
measure functional capacity, the sophisticated techniques 
and complex interpretation involved usually mean that 
these tests can only be conducted in suitably equipped 
laboratories with experienced personnel, which in turn 
may only be available in specialized centers.

The Six Minute Walk Test (6MWT) is an easy and 
inexpensive sub-maximal exercise test and has been shown 
to have good reliability when used to assess functional 
capacity. The 6MWT has been used in addition and 
sometimes as an alternative to, other diagnostic tools in 
patients with chronic cardiac, pulmonary, neuromuscular 
or renal diseases[6-11]. Roul and coworkers reported that 
the distance walked in six minutes had a sensitivity of  
89% and specificity of  60% for predicting the prognosis 
and disease outcomes in patients with heart failure[12]. 
Another study showed that the Six Minute Walk Distance 
(6MWD) was an independent predictor of  mortality in 
patients with chronic obstructive lung diseases[13]. A study 
exploring functional performance in 38 end-stage liver 
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disease patients found that the 6MWD correlated with 
muscle strength and exercise capacity as measured using 
cardiopulmonary exercise tests. The same study reported 
that the 6MWD strongly correlated with all physical 
performance tests at three, six and 12 mo follow-up times 
after orthotopic liver transplantation[14].

The present prospective study examined the use of  the 
6MWT for assessing the functional capacity of  chronic 
liver disease patients. The study compared the distances 
walked in six minutes by healthy subjects and patients 
with different stages of  liver disease, and investigated 
correlations between the 6MWD and other clinical and 
biochemical disease markers. 

MATERIALS AND METHODS
Patients
The study enrolled consecutive patients aged between 
18 and 80 years with chronic liver disease attending the 
hepatology outpatient clinics at King Khalid University 
Hospital (KKUH) and Riyadh Military Hospital over 
a 12 mo period (from January to December 2005). All 
subjects gave formal consent and the study was approved 
by the departmental Ethics Committee. Study subjects 
were categorized into four groups. Group A subjects 
were sequentially selected healthy volunteers with no 
clinical history of  liver diseases were recruited as controls. 
Group B subjects were patients with the following 
profile: hepatitis B surface antigen (HBsAg) positive as 
determined by a commercial ELISA kit (Diagnostics 
Pasteur, Marnes la Coquette, France), hepatitis B DNA 
positive by a polymerase chain reaction (PCR) based 
assay (COBAS Amplicor, HBV monitor test, Roche 
Diagnostics, Switzerland) with a lower limit of  detection 
of  200 copies/mL, and with (1) either normal or raised 
alanine transaminase (ALT) levels (determined on at least 
two occasions separated by at least 3 mo), (2) normal 
serum bilirubin, albumin and International Normalized 
Ratio (INR), (3) normal complete blood count (CBC) or 
(4) normal abdominal ultrasound (US) without features 
of  liver cirrhosis or portal hypertension. Group C 
subjects were patients with the following profile: newly 
diagnosed with hepatitis C virus (HCV) infection (i.e.anti-
HCV antibody, Ortho HCV ELISA, Ortho Diagnostic 
Systems, Inc., Raritan, New Jersey; RIBA HCV, Chiron 
Corp., Emeryville, California) and HCV RNA positive 
(COBAS Amplicor, HCV monitor test, Roche Diagnostics, 
Switzerland) with a lower limit of  detection of  50 IU/L, 
and raised ALT levels. Patients were excluded from groups 
B and C if  there was any abnormality in the CBC or any 
signs of  cirrhosis or portal hypertension on abdominal US. 
Group D subjects were patients with liver cirrhosis defined 
by any four of  the following features of  cirrhosis: (1) 
platelet count < 100 × 109/L, (2) evidence of  esophageal 
varices on endoscopy, (3) ultrasonographic features 
consistent with cirrhosis, (4) albumin level less than 30 g/L, 
(5) INR more than 1.4 and (6) bilirubin level more than  
30 µmol/L. Patients were also included in this group if  
there was histological evidence of  liver cirrhosis regardless 
of  the above criteria.

Patients who were HBsAg or anti-HCV positive for a 
period exceeding six months and who had not received any 
antiviral therapy in the preceding six months were included 
in the study. All participants had screening abdominal 
ultrasonography (US) at the time of  recruitment into the 
study. The US were performed and interpreted by trained 
radiographers according to a standardized protocol, and 
the records reviewed by the investigators. Cirrhosis was 
diagnosed ultrasonographically based on the appearance 
of  the liver surface, liver parenchymal texture, portal vein 
size, splenic size, presence of  ascites and varicose veins in 
the portal and perisplenic area.

Study exclusion criteria included: (1) HCV/HBV 
coinfection; (2) identifiable other causes of  chronic liver 
disease defined as (high serum iron and ferritin, abnormal 
serum ceruloplasmin, history of  significant alcohol 
consumption, antinuclear antibody > 1:320, antismooth 
muscle antibody > 1:320, antimitochondrial antibody 
> 1:40); (3) history of  hepatotoxic medications in the 
preceding three months of  presentation; (4) history of  
antiviral therapy in the last six months. All subjects were 
assessed initially by a senior physician and any patients 
with clinical evidence of  cardiopulmonary, neuromuscular 
or rheumatological diseases was excluded.

To determine hemoglobin, platelet, liver enzymes, 
bilirubin, albumin and creatinine levels and coagulation 
profiles, blood samples were obtained from all patients 
preferably at the time of  the 6MWT. Patients with liver 
cirrhosis were further classified as stage A, B or C according 
to the modified Child-Pugh classification (CP)[15]. Results 
of  all abnormal tests were provided to patients or their 
immediate relatives, as was deemed appropriate.

6MWT 
The 6MWT was conducted according to American 
Thoracic Society (ATS) guidelines and supervised by 
qualified technicians[16]. The technicians were blinded to 
the grouping to which the patients belonged. In brief, the 
patient was instructed to walk at his or her own pace along 
a straight, flat 30 m hallway marked at one meter intervals. 
Heart rate, blood pressure, oxygen saturation and Borg 
score (based on an exertion scale where 0 = no exertion 
and 10 = very severe exertion) were measured at the start  
(0 min) and at the end (six minutes) of  the walk test. 
Patients were asked to cover as much ground as possible in 
six minutes but allowed to stop if  there were symptoms of  
dyspnea or leg pain. The distance in meters was recorded 
at the end of  the six minutes (i.e., the 6MWD).

Statistical analysis
All data are expressed as mean ± SD. Comparisons 
between two groups were made using unpaired Student’s  
T-tests. Comparisons between four groups were made 
using one-way ANOVA followed by the Scheffe post 
hoc multiple comparison test. Correlations between the 
6MWD and other variables were determined using Pearson 
correlation coefficients analysis. Multiple regression 
analysis was used to identify independent relationships 
between the 6MWD and demographic variables. In 
patients with liver cirrhosis, both Cox’s proportional 



hazard regression and Kaplan-Meier analyses were used 
to determine whether the 6MWD had an impact on 
survival. Cox’s proportional hazard regression model was 
used to estimate the relative risk of  the following variables 
on survival: age, male gender, CP score, the 6MWD, 
hemoglobin, albumin, alkaline phosphatase and creatinine 
levels, and prothrombin time. Survival was also analyzed 
using the Kaplan-Meier method and survival curves were 
compared according to four groups of  walked distance 
using log rank tests. A P value < 0.05 was considered to 
indicate a significant difference. All data were processed 
using SPSS 13.0 for Windows.

RESULTS
Patient characteristics
The demographic features, laboratory data and the 6MWD 
for the four groups are summarized in Table 1. There were 
a total of  250 subjects in the study (60% male): 45 (18% 
of  the total number of  subjects) in group A, 49 (19.6%) in 
group B, 58 (23.2%) in group C and 98 (39.2%) in group D. 
Both group A and B were similar in terms of  age, height 
and weight, while the group C mean age was greater than 
that of  group A and B. Group B and C did not differ 
in terms of  laboratory results. The mean age for group 
D was greater than that of  other groups. Compared to 
group B and C, group D subjects had lower hemoglobin 
levels, higher liver enzyme levels, hypoalbuminemia, higher 
bilirubin levels and a higher coagulation time. 

6MWT 
The 6MWD differed between the four groups. The 
6MWD for group B (389 ± 53 m) was shorter than for 
group A (421 ± 47 m) (P = 0.02; 95% CI 2-43). The 
6MWDs for both group A and B were longer than for 
group C (357 ± 71 m) (P = 0.01; 95% CI 39-88 and P = 0.01; 

95% CI 7-56 respectively). Group D (306 ± 111 m) had a 
shorter 6MWD than any of  group A (P = 0.001; 95% CI 
105-124), B (P = 0.001; 95% CI 72-93) or C (P = 0.001; 
95% CI 36-65).

The 6MWD was found to be inversely correlated with 
age (r = -0.482, P < 0.001, 95% CI 3.8-2.4)) and Borg 
scores at the beginning (r = -0.518, P < 0.001; 95% CI 
-59 to -37) and end (r = -0.581, P = 0.001; 95% CI -40 to 
-27) of  the test. The 6MWD was found to be positively 
correlated with height (r = 0.281, P = 0.01; 95% CI 1.3-3.2), 
hemoglobin level (r = 0.373, P = 0.001; 95% CI 0.48-0.99) 
and albumin level (r = 0.311, P = 0.001; 95% CI 2.1-5.3) 
(Figure 1). Linear regression analysis showed that the best 
demographic and laboratory predictors for the 6MWD in 
the disease groups were age, Borg score and hemoglobin 
level (P = 0.001 and r2 value ranging between 0.336 and 
0.526).

Of  the 98 liver cirrhosis (group D) patients, 33 were 
CP class A, 39 class B and 27 class C. The 6MWD for CP 
class A patients was 356 ± 84 m, which was longer than 
the distance walked by either CP class B (296 ± 93 m;  

Variable Group A Group B Group C Group D
(n  = 45) (n  = 48) (n  = 58) (n  = 98)

Age (yr) 35 ± 9      38 ± 12      48 ± 12      57 ± 12
Gender (M:F)    22/23      22/27      42/16      64/34
BMI 28.0 ± 6.3   33.3 ± 20.6   30.0 ± 6.4   26.9 ± 5.3
HR/min   Baseline -      78 ± 12      85 ± 14      84 ± 17
                   End -      86 ± 13      94 ± 17      92 ± 19
O2 %          Baseline -   98.1 ± 1.0   96.7 ± 9.3   97.8 ± 1.75
                   End  -   98.2 ± 0.76   98.1 ± 1.1   97.1 ± 2.8
BS              Baseline -   0.11 ± 0.45   0.07 ± 0.24   0.66 ± 1.34
                   End  -   0.53 ± 0.73   0.98 ± 1.34   1.68 ± 2.00
6MWD (m) 421 ± 47    390 ± 53    357 ± 72    306 ± 111
Hemoglobin (g/L) - 128.7 ± 44.1 136.2 ± 20.3   94.9 ± 54.6
Albumin (g/L) -   37.9 ± 6.1   37.6 ± 6.3   28.3 ± 6.8
ALT (U/L) - 128.5 ± 232.2   89.7 ± 54.2   86.2 ± 63.1
AST (U/L) -   55.8 ± 70.2   56.4 ± 34.0   94.8 ± 76.9
GGT (U/L) -   47.7 ± 50.0 101.6 ± 83.3 164.6 ± 225.2
ALP (U/L) -   96.7 ± 36.4 102.8 ± 42.1 180.7 ± 129.4
Bilirubin (µmol/L) -   11.1 ± 6.3   14.9 ± 12.8   44.0 ± 58.9
Creatinine (µmol/L) -   70.3 ± 21.4   68.0 ± 16.6   86.8 ± 39.1

Table 1  Clinical characteristics of the four groups of subjects 
enrolled in the study (mean ± SD)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; AP: alkaline 
phosphatase; BMI: body mass index; BS: Borg scale; HR: heart rate; GGT: 
gamma glutamyl transpeptidase. 
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Figure 1  The relationship between the 6MWD and clinical variables in patients 
with chronic liver diseases. A: Negative correlation with age; B: Positive correlation 
of 6MWD with level of hemoglobin; C: Positive correlation of 6MWD with level of 
albumin.
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P = 0.005) or CP class C (262 ± 130 m; P = 0.003) 
patients. There was no significant difference between CP 
class B and CP class C patients in terms of  the distance 
walked. The 6MWD was negatively correlated with CP 
classification (r = -0.328, P ≤  0.001; 95% CI -74 to -19),  
and positively correlated with the level of  oxygen 
saturation at the beginning and end of  the test (r = 0.402, 
P < 0.0001 and r = 0.283, P = 0.018, respectively).

Survival analysis 
Patients with liver cirrhosis were followed from the time 
of  6MWT until the end of  the study period or death. 
During a mean follow-up period of  42 ± 13 (range, 4 to 
52) wk, fifteen (15.3%) of  the 98 cirrhosis patients (group 
D) died from disease complications. The 6MWD for the 
surviving cirrhotic patients was longer than that for non-
survivors (317 ± 101 vs 245 ± 145 m, P = 0.021; 95% CI 
11-132). In addition, the non-survivors had a higher mean 
CP score and higher alkaline phosphatase and creatinine 
levels, and lower albumin and hemoglobin levels (Table 2).

The effect of  a range of  variables on survival was 
determined using Cox regression analysis (Table 3). 
Univariate analysis showed anemia, hypoalbuminemia, high 
CP scores, a low 6MWD and elevated alkaline phosphatase 
and creatinine levels were associated with shorter survival. 
Multivariate analysis showed that a low 6MWD (P = 
0.024), and elevated alkaline phosphatase (P = 0.027) and 
creatinine (P < 0.0001) levels were associated with shorter 
survival in cirrhosis patients.

Kaplan-Meier survival curve analysis was used to assess 
cirrhosis patients in terms of  the distance walked (Figure 2). 
Patients were categorized according to the distance walked 
into four groups; first quartile (6MWD < 250 m), second 
quartile (250 m ≤ 6MWD < 319 m), third quartile (319 m 
≤ 6MWD < 397 m) and fourth quartile (6MWD ≥ 397 m). 
Log rank testing showed that those who walked less than 
250 m had a shorter survival (P = 0.021) compared to the 
other groups, and suggested that lower survival was linked 
to a lesser 6MWD. 

DISCUSSION
The present study showed that the 6MWT can be used to 
determine the functional capacity of  CLD patients. The 
distance walked by CLD patients was found to be lower 
than that walked by healthy subjects. Furthermore, in 
terms of  different chronic liver diseases, the study found 
that the 6MWD was lower for cirrhosis patients compared 
to patients with chronic hepatitis B or C infections.

The distance walked by hepatitis B patients was found to 
be less than that walked by matched healthy individuals. This 
was found to be the case even for the group of  hepatitis 
B patients with normal liver enzymes results (i.e., inactive 
carriers). Previous studies dealing with the effect of  hepatitis 
B infection on physical function have provided contradictory 
findings. While one study found that 60% of  hepatitis B 
carrier status patients reported a decrease in physical and 
psychological health as measured using a questionnaire[1], 
another study found that this was not the case[2]. To our 
knowledge, the present study is the first to use an exercise 
test to objectively measure physical capacity in non-cirrhotic 
hepatitis B patients, rather than a questionnaire.

The current study also found that the distance walked by 
hepatitis C patients was less than that walked by hepatitis B 
patients or control subjects. Previously, physical performance 
in hepatitis C patients was mostly explored using quality-

Variable Non-survivors (n = 15) Survivors (n = 83)   P 
Age (yr)   61 ± 10   55 ± 11 0.064
CP score 10.0 ± 2.3    8.5 ± 2.2a 0.016
6MWD (m)   245 ± 145    317 ± 101a 0.021
O2%   Baseline 97.3 ± 1.7 97.9 ± 1.5 0.21
           End 97.4 ± 3.0 97.2 ± 1.6 0.64
Hemoglobin (g/L) 114.7 ± 14.7  127.6 ± 17.7b 0.009
Prothrombin time (s) 16.1 ± 5.6 16.5 ± 4.5 0.82
ALT (U/L)   90.5 ± 82.7   85.4 ± 59.5 0.77
AST (U/L) 107.1 ± 62.6   92.3 ± 79.4 0.50
ALP (U/L)   242.2 ± 141.8   169.5 ± 124.7 0.45
Albumin (g/L) 24.2 ± 5.6   29.0 ± 6.6a 0.011
Bilirubin (µmol/L)   67.4 ± 65.1   40.1 ± 56.9 0.098
Creatinine (µmol/L) 114.4 ± 86.0    81.7 ± 18.0b 0.002

Table 2  Characteristics of liver cirrhosis patients in terms of 
those who survived and those who had died during the study 
period

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: 
alkaline phosphatase; CP: Child Pugh; GGT: gamma glutamyl transpeptidase.  
aP < 0.05, bP < 0.01 vs non-survivors.

 Variable Hazard ratio (95% CI) P 
UV CP Score 1.349 (1.062-1.713)  0.014
UV 6MWD 0.995 (0.991-0.999)  0.027
UV Albumin 0.901 (0.829-0.978)  0.013
UV Hemoglobin 0.966 (0.941-0.992)  0.012
UV ALP 1.003 (1.000-1.005)  0.042
UV Creatinine 1.016 (1.007-1.024) < 0.0001
MV 6MWD 0.994 (0.989-0.998)  0.024
MV ALP 1.003 (1.000-1.006)  0.027
MV Creatinine 1.018 (1.009-1.027) < 0.0001

Table 3  Variables associated with survival according to 
univariate and multivariate Cox regression analysis

ALP: alkaline phosphatase, CP: Child Pugh, MV: multivariate analysis, 
UV: univariate analysis. Variables not found to be associated with survival  
excluded from the table. 

Figure 2  Kaplan-Meier survival curves according to a four quartile distribution of 
the 6MWD in patients with cirrhosis. P < 0.05 between patients who walked < 250 m  
and those who walked 250 m or more.
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of-life questionnaires. An earlier study examining physical 
function using the SF-36 questionnaire found that function 
was lower in patients with chronic hepatitis C infection 
compared to control subjects or patients with hepatitis B, 
and that this decrease was unrelated to the extent of  liver 
injury according to liver biopsy and liver enzyme tests[2]. The 
study concluded that the physical impairment may be related 
to factors other than liver damage. In the present study, 
hepatitis C patients walked significantly shorter distances 
in six minutes than hepatitis B patients, even though both 
groups were similar in terms of  liver enzyme test results, 
hemoglobin levels, albumin levels and coagulation profiles.

Other studies have reported that there are several 
potential factors that can contribute to the physical function 
limitations in cirrhosis patients, including muscle strength, 
deconditioning, fatigue and neuropsychiatric factors in 
addition to hepatopulmonary syndrome and cirrhotic cardio
myopathy[10,17,18]. In the present study, liver cirrhosis patients 
had the lowest 6MWD of  the four groups tested, and the 
6MWD was found to correlate with the severity of  cirrhosis 
as measured using the Child-Pugh classification. Consistent 
with these findings, several studies showed a moderate-to-
severe impairment in exercise capacity in cirrhosis patients 
as measured by cardiopulmonary exercise testing[17,19-22]. In 
one such study, the 6MWD correlated with the maximum 
oxygen uptake (VO2 max) as measured using a cycle 
ergometer in pre-liver transplantation patients at different 
stages of  cirrhosis, and that correlation remained over a one 
year follow-up period after transplantation[14].

In the present study, the 6MWD was negatively cor-
related with patient age, and age was found to be an 
independent predictor of  the 6MWD. This finding is 
consistent with various studies of  both healthy subjects and 
chronic disease patients[23-25]. The current study also found 
that the 6MWD was positively correlated with hemoglobin 
and albumin levels, but did not correlate with liver enzyme 
levels. This finding is consistent with previous reports 
showing that for severe heart failure patients, anemia was 
associated with poor physical function, while increasing 
hemoglobin levels were correlated with improved exercise 
capacity as measured in cardiopulmonary exercise tests[26,27]. 
Previous studies also found that the severity of  physical 
limitation in relation to liver biochemical testing was more 
evident in liver cirrhosis patients compared to those with 
other chronic liver diseases[21,28,29].

Previous reports showed that several factors correlate 
with mortality in patients with liver cirrhosis. Multivariate 
analysis in the present study found that the 6MWD was 
linked to mortality. In our cohort, walking less than 250 
m was associated with decreased survival in patients with 
liver cirrhosis. Consistent with this finding, Bowen et al[30], 
reported that the distance walked was better associated 
with survival than other signs of  disease severity like 
pulmonary function results, arterial blood gas results, 
age and comorbid conditions in patients with advance 
lung diseases. Paciocco et al[31] found that there was an 
18% reduction in mortality with each 50 m increase in 
walked distance in pulmonary hypertension patients, with 
significant mortality being reported in patients walking less 
than 300 m. To our knowledge, the present study is the 
first to investigate the 6MWD as a predictor of  survival 

in patients with non-cardiopulmonary disease. Thus, the 
6MWD may serve as an additional prognostic marker in 
liver cirrhosis patients.

Our study has a few potential limitations. One such 
limitation is that the control group subjects were mostly 
recruited from within the institute (including hospital 
employees and medical students), and may therefore consist 
of  more highly educated individuals with a higher socio-
economic status compared to the CLD groups, which are 
more likely to come from the broader general population.

Another limitation is the possibility that the distance 
walked was not assessed accurately because the 6MWT 
was performed just once. However, other investigators 
have shown that in patients with chronic renal failure, the 
improvement in the distance walked was only 3.7% when 
the test was repeated after 48 h, suggesting that the 6MWT 
may be more reproducible in non-cardiopulmonary disease 
patients[32].

Finally, the present 6MWD data were not compared with 
data obtained from other physical function assessments such 
as cardiopulmonary exercise tests. While cycling ergometer 
testing was not undertaken due to our limited experience 
with this assessment tool in our community, we are currently 
examining correlations between the 6MWD data and 
quality-of-life questionnaire responses in CLD patients.

In conclusion, we have demonstrated that the 6MWD 
correlated with the type of  liver diseases, and it was 
an independent predictor of  survival in liver cirrhosis 
patients. The utility of  6MWD should be further explored 
to evaluate the change of  distance walked over time or in 
response to therapeutic measures in patients with CLD.
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