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Abstract

the HBI were observed.
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Background: Cardiovascular diseases are a leading cause of morbidity and mortality in solid organ transplant recipients. In addi-
tion, low physical activity is a risk factor for cardiac and cerebrovascular complications.

Objectives: This study examined potential relationships between physical activity, health-related quality of life (HRQoL), risk factors
for cardiovascular disease, and an exercise test in liver-graft recipients.

Patients and Methods: A total of 107 participants (62 men/45 women) who had received a liver transplantation (LT) at least 6
months previously were evaluated. Physical activity was assessed using three different questionnaires, while HRQoL was assessed
using the medical outcomes study short form (SF)-36 questionnaire, and health behaviors were evaluated using the health behavior
inventory (HBI). The exercise test was performed in a standard manner.

Results: Seven participants (6.5%) had a positive exercise test, and these individuals were older than those who had a negative exer-
cise test (P=0.04). Asignificant association between a negative exercise test and a higher level of physical activity was shown by the
Seven-day physical activity recall questionnaire. In addition, HRQoL was improved in various domains of the SF-36 in participants
who had a negative exercise test. No correlations between physical activity, the exercise test and healthy behaviors, as assessed via

Conclusions: Exercise test performance was affected by lower quality of life and lower physical activity after LT. With the exception
of hypertension, well known factors that affect the risk of coronary artery disease had no effect on the exercise test results.

=

. Background

Liver transplantation (LT) is a life-saving procedure
for individuals with end-stage liver disease, and improve-
ments in surgical techniques, intensive care, and im-
munosuppressive regimens have resulted in significant
improvements in short-term survival. Therefore, the focus
has now shifted to address the long-term outcomes of LT.
Organ transplantation is associated with several multifac-
torial metabolic complications that may depend on a vari-
ety of factors, including the function of the transplanted
liver, the adverse effects of immunosuppression, organ
complications induced by previous liver failure (e.g., hep-
atic cardiomyopathy), or concomitant diseases. Nonethe-
less,advancesin LT allow the treatment of older and higher
risk individuals, providing good outcomes. Unfortunately,
excessive weight gain, hypertension, hyperlipidemia, and

diabetes mellitus, also related to immunosuppressive regi-
mens, are observed in transplant recipients. In addition to
a sedentary lifestyle, levels of fitness and strength that are
40% to 50% below the age-expected values (1), a low level
of physical activity, and components of the metabolic syn-
drome are all risk factors for major vascular complications.
Liver transplant recipients with a low level of physical ac-
tivity are also more likely to suffer from cardiopulmonary
complications (2, 3). Cardiovascular complications after LT
are the leading cause of non-transplant-related deaths (4).
Thus, screening of asymptomatic individuals for underly-
ing cardiac disease is an essential step in the evaluation
of transplant recipients. The objective measures of exer-
cise capacity (i.e., maximal oxygen uptake, VO, peak, and
quadriceps muscle strength) are low at 1 year after LT, and
remain at reduced levels 2.5 years post-LT-significantly be-
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low age-predicted values (5). The exercise test isa common
diagnostic tool for the detection of coronary artery disease
(CAD), and coronary reserve and physical capacity in peo-
ple diagnosed with CAD, as well as for monitoring treat-
ment. It is useful in the prediction of the risk of major car-
diovascular events, and is performed on a bicycle ergome-
ter or a treadmill. The testinvolves a gradual increase in ex-
ercise intensity up to the level determined before the test
or until the appearance of symptoms, at which point the
exercise ceases. A stress test is stopped after the maximum
heartrate predicted for a given age group is reached, or the
onset of certain symptoms, or the appearance of electro-
cardiogram (ECG) changes. The test result is provided in
a descriptive form, sometimes with accompanying charts
(the electrical activity of the heart in a given time), and the
procedure usually lasts from several to 12 minutes.

With improvements in LT procedures, health-related
quality of life (HRQoL) and physical activity have become
significant outcome parameters and an important focus of
healthcare. HRQoL is a quantitative estimation of an indi-
vidual’s self-assessment of physical, functional, social, and
psychological dimensions of life (6). Some socioeconomic
and demographic differences in the short- and long-term
HRQoL outcomes of LT recipients have been identified (7),
and an improved quality of life has been observed in peo-
ple who have been physically active following LT (8). Phys-
ical activity and employment could be associated with the
degree of functional recovery, positively influencing both
physical and mental aspects of HRQoL (9).

2. Objectives

This study examined potential relationships between
self-reported assessment of physical activity, HRQoL, and
risk factors for CAD, and the results of an exercise test in
a well-defined group of people who underwent LT.

3. Partients and Methods

3.1. Study Participants

A total of 107 (62 men/45 women) consecutive liver
transplant recipients reviewed between June 2011 and Oc-
tober 2012 in the outpatient clinic of M. Curie hospital in
Szczecin, Poland, were included. The participants were di-
vided into three groups, according to the time that had
passed since LT, as follows: 6 - 12 months (group A, n = 21);
13-36 months (group B, n =48), and longer than 37 months
(group C, n = 38). Indications for LT included the follow-
ing etiologies: alcoholic (n = 24), chronic cholestatic liver
diseases (i.e., primary biliary cirrhosis, primary sclerosing

cholangitis, n = 23), and viral (n = 15), autoimmune hep-
atitis (n = 10), and other causes (n = 35). The mean body
mass index (BMI)was 27.0 4 5.0 kg/m?. Of the participants,
38 (35.5%) were overweight (BMI between 25 and 30 kg/m?)
and 23 (21.5%) were obese (BMI > 30 kg/m?). A total of 40
participants (37.4%) were employed at the time of the sur-
vey. Among the 67 participants who were not working, 21
(31.3%) were retired and 46 (68.7%) were disability pension-
ers. The participants in work were younger than those who
were unemployed (46 + 12.8 vs 53 & 9.8 years, P = 0.003),
but they did not differ in terms of gender, or the amount
of time that had passed since LT (data not shown). The par-
ticipants’ demographic and clinical data are summarized
in Table 1.

Table 1. Participants’ Demographic and Clinical Data

Demographic Information Values
Total number of participants 107
Age at transplantation, y 46.8 +11.6

mean =+ SD

range 17-63
Age atsurvey,y 499+ 114

mean = SD

range 21- 67
Gender;, No. (%)

Male 62(57.9)

Female 45(42.1)
BMI, kg/m>

mean = SD 27.0 5.0

range 18.0-43.0
Period after transplantation, mo, No. (%)

GroupA6-12 21(19.6)

Group B13-36 48 (44.9)

Group C> 36 38(35.5)
Employment

Yes 40(37.4)

No 67(62.6)
Original diagnosis

Alcoholic 24(224)

Cholestatic (PBC, PSC) 23(21.5)

Viral 15 (14.0)

Autoimmune hepatitis 10(9.4)

Other 35(32.7)
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3.2. Exercise Test

We used a treadmill stress test, involving a gradual
increase in the speed and angle to resemble an acceler-
ating march on an increasingly steep hill. The test was
performed according to the Bruce protocol, whereby the
speed of the treadmill and its slope increased every 3 min-
utes. Exercise intensity was measured in metabolic equiv-
alent of task (MET) (10). The stress test was interrupted af-
ter reaching the planned heart rate, or by accounting for
clinical and ECG criteria. The most important clinical cri-
terion was the occurrence of chest pain, while the elec-
trocardiographic symptom of equal importance was a sig-
nificant decrease in ST. Fatigue, dyspnea, increased heart
rate, changes in blood pressure, intermittent claudication,
and exercise load at which symptoms appeared were also
important, as were arrhythmias and conduction disorders
observed via ECG. Prior to the test, we carried out a de-
tailed survey regarding symptoms, previous exercise toler-
ance, physical activity, comorbidities, and pharmacologi-
cal treatment (10). We also collected anthropometric data,
such as gender, age, height, and weight, which were useful
in further analysis and stratification of risk to the partici-
pants. The test was always performed in the presence of a
physician in a room equipped with an emergency kit, due
to the possibility of serious complications (9). The test is
currently most frequently used to estimate prognosis and
to determine functional capacity, likelihood, and extent of
coronary disease (11, 12).

3.3. Assessment of Physical Activity

Physical activity was assessed using the Polish version
of the international physical activity questionnaire (IPAQ)-
long version (13). The IPAQ is an instrument for monitor-
ing levels of physical activity of a population aged between
15 and 69 years, and was developed for surveillance activ-
ities and to guide policy development related to health-
enhancing physical activity across various life domains.
The long version of the IPAQ consists of 27 items and in-
vestigates four domains of physical activity (work, leisure,
chores, and transport), as well as time spent sitting as a
proxy for the sedentary behavior (4). Physical activity is re-
ported as a continuous score, by intensity of physical activ-
ity (moderate or vigorous) or for walking, according to do-
main. Physical activity energy expenditure is calculated ac-
cording to the following formula (in MET-min/week): num-
ber of days spent doing the activity x average duration of
the activity per day x energy cost of the activity. The en-
ergy cost of an activity is expressed in MET, which is the ra-
tio of energy expenditure during a given activity divided
by resting energy expenditure. The following MET values
were drawn from the scoring protocol: 3.3 for walking, 4 for
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moderate intensity physical activity, 8.0 for vigorous phys-
ical activity, 6.0 for cycling, 5.5 for vigorous physical activ-
ity in the garden or yard, and 3.0 for domestic activities
(14). The seven-day physical activity recall questionnaire
(PAR)is a semi-structured interview that estimates an indi-
vidual’s time spent in physical activity, strength, and flex-
ibility activities for the 7 days prior to the interview. It en-
compasses a variety of physical activities, such as aerobic
exercise, work-related activities, gardening, walking, recre-
ation, and leisure-time physical activities. Only physical
activities of at least moderate intensity are counted, and
total kilocalories/day can be estimated from hours spent
in physical activities of moderate, hard, and very hard in-
tensity (5). The Minnesota leisure time physical activity
questionnaire (MILTPAQ) collects information on free-time
physical activity, providing the value of energy expendi-
ture in kilocalories/week, and comprises a list of 63 sport,
recreational, yard, and household activities. The partici-
pants are instructed to report whether or not they have
performed each activity in the previous 12 months (5). In
the presentstudy, 105 (61 men/44 women) individuals com-
pleted the MILTPAQ.

3.4. Assessment of Health-Related Quality of Life

HRQoL was assessed using the medical outcomes study
short form (SF-36), which is the most widely used and ex-
tensively validated generic questionnaire for the assess-
ment of HRQoL in various clinical settings and different
populations (15). It contains 36 items grouped in eight
domains of physical health (physical functioning, role
limitation-physical, bodily pain, and general health) and
mental health (vitality, social functioning, role limitation-
emotional, mental health). Each domain is scored be-
tween 0 and 100 points, with higher scores indicating bet-
ter HRQoL. Two summary scores, the physical component
and the mental component, are obtained as a mean value
calculated from appropriate domains. Alicense numbered
CT132326/0P012559 was obtained for the use of the SF-36
questionnaire in this study.

3.5. Assessment of Health Behavior

The health behavior inventory (HBI) comprises 24
questions to evaluate health behavior in four domains: nu-
trition habits, preventive behavior, health practices, and
mental attitude (16). Values selected by the tested individ-
ual are summed to obtain an overall intensity of health be-
havior, ranging from 24 to 120 points. The higher the score,
the greater is the intensity of the declared behaviors. The
overall rate is converted into standardized units and is sub-
ject to interpretation according to a scale of stens, as fol-
lows:
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-1- 4 stens: low score;
-5- 6 stens: moderate score;
-7-10 stens: high score (17).

3.6. Statistical Analysis

Data are shown as means and standard deviations and
were analyzed using Stat-View-5 software (SAS institute,
Cary, NC, US). Correlations were tested using the Pearson
correlation test. P < 0.05 was considered statistically sig-
nificant.

3.7. Ethics

Written informed consent was obtained from each
study participant. The study protocol was approved by the
appropriate ethics committee of pomeranian medical uni-
versity (KB -0012/51/11 dated 08.06.2011) and conforms to
the ethical guidelines of the 1975 Declaration of Helsinki
(6th revision, 2008).

4. Results

4.1. Exercise Test

All107 (62 men/45 women) participants underwent the
exercise test, and 92 (86%) tested negative, seven (6.5%)
tested positive, and eight (7.5%) had a non-diagnostic re-
sult. The reasons for the non-diagnostic results were low
exercise tolerance and tiredness. Participants who tested
positive were older at LT and in the exercise test than those
with a negative test result (56 & 6.3 vs 46 &= 1.2 years, P =
0.025 and 58 £ 6.2 vs 49 £ 11.6 years, P= 0.04, respectively).
A significant association between the exercise test and hy-
pertension was found (? = 9.67; P = 0.01), while no asso-
ciation between diabetes, hypercholesterolemia, cigarette
smoking, and exercise test was observed (Table 2).

4.2. Physical Activity

The PAR questionnaire showed that participants with a
negative test were more physically active than those with a
positive test, with regard to both daily (105.3 - 12.4 vs 95.3
+ 9.9 kilocalories/kg/day, P=0.039) and weekly physical ac-
tivity (736.8 = 86.8 vs 665.7 £ 69.4 kilocalories/kg/week, P
=0.036) (Table 3). The IPAQ showed that a significant pro-
portion of participants with a non-diagnostic exercise test
had higher scores in the sitting time domain, compared to
those with both positive and negative results (810 £ 106.4
vs. 548.6 + 87.8 MET-min/week, P = 0.004; 810 &+ 106.4 vs
624.6 £ 183.1 MET-min/week, P = 0.004). Participants who
failed to complete the exercise test were usually less ac-
customed to regular exercise and experienced fatigue ear-
lier than the other participants (Table 3). With regard to
MILTPAQ, participants with a negative exercise test showed

higher physical activity in comparison to those who tested
positively, but this difference was not statistically signifi-
cant (1337.9 £ 1621 vs 686.5 £ 633.41 total activity kilocalo-
riesjweek, P = 0.287).

4.3. Quality of Life

Analysis of the SF-36 questionnaire showed that partic-
ipants who had a negative exercise test had a higher qual-
ity of life in various domains, including role limitation-
emotional (76.5 £ 21.1 vs 53.6 &+ 17.3, P = 0.007), mental
health (69.2 4 16.3 vs 53.6 &= 19.9, P = 0.016), and mental
component summary score (47.2 + 9.2vs 38.7 £ 11.9, P =
0.019). In the domain of general health and vitality, the re-
sults were of borderline significance, confirming a trend
toward higher quality of life in participants with better ex-
ercise tolerance (Table 4).

HBI analysis showed no significant correlations be-
tween the different domains of health behavior and the re-
sults of the cardiac test (Table 5).

5. Discussion

We assessed a variety of factors affecting the risk of
cardiovascular complicationsin liver transplant recipients
and searched for potential relationships between physi-
cal activity, HRQoL, and the results of an exercise test. We
found that participants with a positive exercise test were
older, and, with the exception of hypertension, the compo-
nents of the metabolic syndrome did not affect the cardiac
exercise test. Liver transplant recipients who tested nega-
tive for the exercise test were more physically active when
assessed with the PAR questionnaire and had better re-
sults in various domains of the SF-36. A recently published
meta-analysis of observational studies showed that the 10-
year risk of developing cardiovascular complications fol-
lowing LT was 13.6%, which was 64% greater than that of
the control group (18). In addition, Sprinzl et al. recently
showed that de novo metabolic syndrome affected 32.9%
of patients within 2 years of LT (19). The prevalence of
metabolic syndrome following LT is significantly higher
than that estimated for the general population, and post-
transplant metabolic syndrome appears to be associated
with an increased risk of major vascular events after LT
(20). Kallwitz et al. (21) reported that metabolic syndrome
is common following LT, with higher prevalence observed
at least 1 year afterwards, and is inversely correlated with
exercise intensity. Our own data also show an association
between higheractivity levels and lower BMI(22). However,
the results of the present study did not confirm an asso-
ciation between hyperlipidemia or diabetes and the exer-
cise test result. The same applies to the relationship be-
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Table 2. Relationship Between Selected Factors and Exercise Test

Negative Test (A, n=92) Positive Test (B,n=7) Non-Diagnostic Test (C,n=8) P(Avs.B) P(Avs.C) P(Bvs.C)

Gender 0.263 0.263 0.263

Male 55 2 5

Female 37 5 3

chi® 2.67 2.67 2.67
Age at transplantation 458 +1.2 559+ 6.3 513132 0.03 0.19 0.43
Age at survey 49.0 +11.6 581+ 6.2 533£32 0.04
BMI, kg/m?, mean == SD 281447 25.9 +4.7 31.8 4.9 0.24 0.002 0.15
Hypercholesterolemia 0.744 0.744 0.744

Yes 18 2 2

No 60 4 4

No data 14 1 1

chi® 0.59 0.59 0.59
Diabetes type 2 0.25 0.25 0.25

Yes 22 3 B]

No 61 3 3

No data 9 1 2

chi® 278 278 278
Hypertension 0.01 0.01 0.01

Yes 18 4 3

No 60 2 1

No data 14 1 4

chi® 9.67 9.67 9.67
Smoking 0.370 0.370 0.370

Active 33 5 5

Previous 12 0 0

Never 14 1 3

No data 33 1 0

chi’® 427 427 427

tween HBI and the exercise test result. A possible explana-
tion for this somewhat surprising finding could be a sig-
nificantly lower proportion of people with diabetes or dys-
lipidemia in our group when compared to the groups eval-
uated in other studies. Bianchi et al. reported that 32%
of their study participants had diabetes, 51% had dyslipi-
demia, and 53% had arterial hypertension (23). Two other
studies showed similar proportions - 41% and 61% with di-
abetes, and 45% and 62% with arterial hypertension (20,
24). In the present study, participants with self-reported
higher physical activity were more likely to have a nega-
tive exercise test. These findings were statistically signifi-
cant with regard to the PAR questionnaire and showed a

Hepat Mon. In press(In press):e34356.

clear trend in the IPAQ and the MILTPAQ. This corresponds
with previously reported data showing that physical ac-
tivity may reduce some comorbidities, especially cardio-
vascular risk factors (23). Physical activity appears to im-
prove HRQoL by enhancing physical functioning in peo-
ple compromised by poor health; transplant recipients
show lower HRQoL scores than the general population (9).
The majority of published studies have reported signifi-
cantly improved HRQoL in liver transplant recipients com-
pared to the pre-transplant period (24), while some have
indicated that various physical symptoms may remain af-
ter transplantation (25). Weakness, limited range of mo-
tion, or pain may lead to reduced physical activity and gen-
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Table 3. Relationship Between Seven-Day Physical Activity Recall Questionnaire, IPAQ, and Exercise Test*

Negative Test (n=92) Positive Test (n=7) Non-Diagnostic Test (n=8) P(1vs.2) P(1vs.3) P(2vs.3)

Seven-Day Physical Activity Recall

Total physical activity per week, 736.8 £ 86.8 665.7 £ 69.4 676.5181.2 0.036 0.058 0.807
absolute, Kcal/kg/week

Total physical activityper day, 1053 £12.4 953499 96.6 +11.5 0.039 0.056 0.832
absolute, Kcal/kg/day

IPAQ
Total, MET-min/week 4553.5 & 3557.2 3789.4 + 2385.5 4468.5 +1622.9 0.568 0.946 0.700
Walking, MET-min/week 1290.6 £ 947.2 1470.9 1 867.6 1076.6 £ 411.4 0.616 0.527 0.407
Moderate, MET-min/week 23233 £12803 2318.6 £ 2334.6 3391.9 £ 1516.4 0.992 0.034 0.128
Vigorous, MET-min/week 939.6 = 3383.1 0.000 0.000 0.450 0.422 0.000
Sitting time, min/week 624.6 £183.1 548.6 + 87.8 810 £106.4 0.269 0.004 0.004

*Values are expressed as mean =+ SD.

Table 4. Relationship Between SF-36 and Exercise Test*

SF36 Negative Test (n=92) Positive Test (n=7) Non-Diagnostic Test (n=8) P(1vs.2) P(1vs.3) P(2vs.3)
PF 74.2 £ 21.8 60 £32 61.2 +29.2 0.118 0.129 0.916
RP 64.7 +24.7 60.7 £14.3 56.3 & 25.2 0.672 0.344 0.722
BP 72.6 +27.8 62.1 % 311 66 +29.5 0.345 0.526 0.79
GH 613 +19.9 48.4 +10.7 48.5+10.7 0.089 0.073 0.994
A\ 62.4 +17.4 50 + 21 55.5 £13.5 0.071 0.280 0.544
SF 73.6 £ 22.6 714 +24.7 7814 23.9 0.804 0.594 0.571
RE 76.5 &£ 211 53.6 £17.3 70.8 282 0.007 0.472 0.123
MH 69.2+163 53.6 +19.9 58.1 % 13.1 0.016 0.068 0.590
PCS 46.8 8.8 44.6+7.8 426 £95 0.522 0.204 0.673
MCS 472+ 9.2 38.7 £ 119 44.8+7.0 0.019 0.475 0.203

Abbreviations: BP, bodily pain; GH, general health; MCS, mental component summary; MH, mental health; PCS, physical component summary; PF, physical functioning;
RP, role limitation-physical; RE, role limitation-emotional; SF, social functioning; VT, vitality.
*Values are expressed as mean == SD.

Table 5. Relationship Between HBI and Exercise Test*

HBI Negative Test (n=92) Positive Test (n=7) Non-Diagnostic Test (n=8) P(1vs.2) P(1vs.3) P(2vs.3)
Health behaviors 96.9 + 121 1023+ 9.9 102.5 £12.8 0.260 0.213 0.972
Proper dietary habits 38+07 41104 3.7+ 09 0.330 0.696 0.310
Preventive behaviors 43+ 05 461+ 04 45+ 0.6 0.128 0.215 0.785
Positive mental attitude 41+ 0.6 42406 45+ 0.6 0.801 0.097 0.319
Health practices 39+07 41£05 43406 0.418 0.114 0.606
Sten 7.6 £1.6 81+13 8418 0.421 0.537 0.865

*Values are expressed as mean = SD.

eral fitness. Individuals who participate in regular physi-  cal activity have significantly higher scores on all physical
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scales and the physical component summary score of the
SF-36 (1). The regression model, which includes age, gen-
der, time post transplantation, re-transplantation, recur-
rence of hepatitis C, number of comorbid conditions, and
physical activity participation, showed that both the num-
ber of comorbid conditions and participation in physical
activity were significant independent contributors to the
physical functioning scale and physical component sum-
mary score in the SF-36 measure. Painter et al. (26) indi-
cated that physical activity is related to HRQoL after LT, in-
dependently of other coexisting medical conditions. They
also previously reported that individuals who are physi-
cally active score above the general population norms for
all physical scales of the SF-36, including vitality and social
functioning (27), similar to the trend observed regarding
general health and vitality in the present study. However,
it must be emphasized that self-reported physical activity
questionnaires (i.e., the IPAQ, MILTPAQ, and PAR) are sub-
jective, and it is possible that respondents overestimate
their physical activity. Objective measures, such as exer-
cise tolerance and muscle strength, have been shown to
improve after LT (28). However, even with these improve-
ments, exercise tolerance and muscle strength remain sig-
nificantly below age-predicted values and remain at these
reduced levels atleast 2.5 years post-LT(29). It has been sug-
gested that this low level of functioning is related to phys-
ical inactivity following transplantation (1, 26, 27). Indeed,
as many as 50% - 75% of LT recipients report being physi-
cally inactive (1, 26). Although quality of life improves con-
siderably after LT, Kugler et al. found that transplant re-
cipients showed the lowest HRQoL scores in the physical
domain, 24 months after transplantation, when compared
to kidney, heart, and lung recipients (30, 31). It has also
been found that regular physical activity is significant in
the long-term recovery process after LT and positively in-
fluences HRQoL (1). The results of our study showed that
more physically active participants had higher scores in
the mental domains of the SF-36, including role limitation
- emotional, mental health, and mental component sum-
mary, which supports the hypothesis that increased physi-
cal activitymayresultin areduction of depression and anx-
iety, and an increased ability to maintain independent liv-
ing (32). Another study showed that physical activity im-
proved mental functions in a majority of LT recipients (8).
In summary, decreased HRQoL and lower physical activity
exert a negative effect on exercise test results following LT.
With the exception of hypertension, recognized factors re-
lated to the risk of CAD had no effect on exercise test results
in the present study. The more physically active partici-
pants also reported a better HRQoL, primarily in the men-
tal aspects. Therefore, LT recipients should be encouraged
to exercise regularly to reduce their risk of cardiovascular
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morbidity.
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