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Background: Physical activity is a key factor in improvement of quality of life. This study aimed to assess the extent of phys-
ical activity in solid-organ transplant recipients.

Material/Methods: The study involved 106 patients, mostly kidney (64.15%) and liver (28.30%) recipients, observed in a Warsaw
transplant center. The study group was dominated by women (56.6%), mean age 49.25+14.09 years, the time
since transplantation ranged from 1 month to 28 years, with a mean of 93.9+71.83 months. Recipients were
educated about physical activity in the immediate post-transplant period and during follow-up visits. The study
was conducted in early 2021 and used the long form of the International Physical Activity Questionnaire (IPAQ)
validated for Polish patients, consisting of the of 5 parts — physical activity, professional work, travel, house-
work, recreation, and time spent sitting — containing a total of 27 questions in the main part of the question-
naire and 7 questions in the introductory part determining the typicality of the last 7 days.

Results: More than half (57.5%) of the transplant recipients reported high levels of physical activity. Patients reported
the highest mean physical activity in job-related physical activity (P<0.001). Patients also had high scores for
walking and moderate-intensity physical activity, while the lowest mean scores were for leisure-time physical
activity, total vigorous-intensity physical activity, and housework-related activity.

Conclusions: When undertaking physical activity, patients turn to activities that do not involve intense effort, are less phys-
ically demanding, and do not result in high energy expenditure. Employed patients had higher PA levels in all
domains.
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Background

Today, there is a worldwide surge in the number of organ
transplants. In 2021, there were 26 378 organ transplanta-
tions performed in the European Union, most of which were
kidney (15684) and liver (6483) transplants [1]. There were
1274 deceased donor organ transplants and 64 living donor
organ transplants performed in Poland in 2021 [2].

Transplantation aims to improve overall well-being, allowing
transplant recipients to resume daily physical, social, and psy-
chological activities. Research on the quality of life in this pa-
tient group supports such improvements [3-7]. Physical activity
(PA) is a key factor in improving quality of life. Therefore, the
health benefits of PA apply not only to individuals who wish
to stay healthy, but also individuals with a variety of chron-
ic diseases and disorders, including organ transplant recipi-
ents. Robust physical activity after organ transplantation is
an important determinant of long-term health [8]. The World
Health Organization (WHO) defines physical activity as body
movement caused by skeletal muscles that requires the ex-
penditure of energy. PA involves not only professional or am-
ateur participation in various sports or dance activities, but
also any activity related to professional work, movement,
housework, and recreation. PA levels vary depending on sev-
eral factors, such as economic factors, social factors, overall
health, occupation, and mode of daily transport, as well as en-
vironmental factors (eg, terrain) or sports infrastructure [9].
In transplant recipients, PA is crucial for disease prevention,
particularly prevention of cardiovascular disease, obesity, or
metabolic disorders. Regular physical activity has a long-term
positive impact on recovery following various surgical proce-
dures, including transplantation, giving people the opportuni-
ty to return to an active life with their families, in society, and
in their professional life [10-12]. In the past 2 decades, tech-
nical and pharmacological advancements have substantial-
ly improved short-term survival after solid-organ transplan-
tation [13], but their benefits on long-term outcomes have
been somewhat disappointing [14]. Poor adoption of healthy
lifestyle practices (eg, diet, physical activity) undoubtably af-
fects long-term post-transplant physical and mental well-be-
ing. The analysis of the literature shows that many solid-or-
gan transplant recipients lead a sedentary, physically inactive
life [15-19]. Current recommendations for transplant recipi-
ents either refer to general guidelines of physical activity [20]
or specifically recommend exercise training [21-24]. There are
no general recommendations for leading an active life by or-
gan recipients, nor is there an adequate description of how
often, how long, how intensely, and what type of physical ac-
tivity should be undertaken; therefore, the focus is on every-
day activity, including activity related to professional work,
traveling, housework, and recreation. Performing any activi-
ty that limits a sedentary lifestyle reduces mortality [25] and
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improves cardiovascular health [26,27], physical fitness [28],
and health-related quality of life [29].

The aim of the present study was to assess the extent of phys-
ical activity in transplant recipients in 4 key dimensions of hu-
man life — work, transportation, housework, and leisure time
—and to identify its socio-medical determinants.

Material and Methods

The study involved 106 patients, mostly kidney (64.15%) and
liver (28.30%) recipients observed in a Warsaw transplant cen-
ter and followed up in the outpatient transplant clinic of the
Infant Jesus Clinical Hospital, University Clinical Center of the
Medical University of Warsaw. Data were collected in February
and March 2021. Participation in the study was anonymous
and voluntary. The inclusion criteria were age 18 years, ability
to complete the questionnaire independently, and verbal con-
sent to participate in the study. The study was approved by
the Bioethics Committee of the Medical University of Warsaw
(AKBE/236/2020) and was conducted in accordance with
the Declaration of Helsinki. It employed a diagnostic survey
method and used the long form of the International Physical
Activity Questionnaire (IPAQ). The questionnaire was adapt-
ed to Polish conditions and accepted by the IPAQ Committee
as the official Polish version. In addition, we collected basic
socio-demographic (eg, age, gender) and medical (eg, self-as-
sessed current health status, organ type, time since transplan-
tation) data. The IPAQ questionnaire comprises 27 questions
categorized into 5 activity domains each containing detailed
questions regarding vigorous-intensity activity, moderate-in-
tensity activity, and walking, undertaken by the respondent
in the preceding week and related to their work, transporta-
tion, housework, sports, and leisure activities. It also assess-
es the time spent sitting during weekdays (M-F) and week-
ends. Vigorous-intensity PA was defined as an activity resulting
in very fast breathing and a very fast heartbeat (eg, carrying
heavy objects, soil digging, aerobics, speed running, cycling
at high speed). Moderate-intensity PA was defined as activity
leading to slightly faster breathing and a slightly faster heart-
beat (eg, carrying lighter objects, cycling at a normal pace,
playing volleyball, or brisk walking). We analyzed job-related
walking, walking outside (eg, going shopping, going to work),
as well as leisure walking. The IPAQ questions make it possi-
ble to assess the total weekly energy expenditure, as well as
the energy expenditure for each domain. Each type of PA was
reported in units of MET-min/week (Metabolic Equivalent of
Task), which is calculated by multiplying the coefficient as-
signed to each PA (vigorous-intensity: 8 MET; moderate-in-
tensity: 4 MET; walking: 3.3 MET) by the number of days per
week it was performed and its average duration in minutes per
day [30]. Total PA was calculated for each domain by adding
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up moderate-intensity PA, vigorous-intensity PA, and walking
(MET-min/week), and based on this, patients were assigned
to one of 3 levels of PA (high, moderate, or low). High PA level
requires 3 or more days of vigorous-intensity PA totalling at
least 1500 MET-min/week; or 7 or more days of any combina-
tion of PA (walking, moderate-intensity PA, or vigorous-inten-
sity PA) totalling more than 3000 MET-min/week. Moderate
PA level requires 3 or more days of vigorous-intensity PA not
shorter than 20 minutes per day; or 5 or more days of mod-
erate-intensity PA or walking not shorter than 30 minutes per
day; or 5 or more days of any combination of PA (walking,
moderate-intensity PA, or vigorous-intensity PA) greater than
600 MET-min/week. Low PA level is not engaging in any PA or
not meeting the requirements for moderate and high PA lev-
els [31]. The classification and threshold criteria for a given PA
level reflect current WHO health guidelines.

For the research results to be reliable, it was assumed that 105
people would participate in the study (so there were 30 respon-
dents for each variable and a 15% excess of respondents was
added). Statistical analyses were performed using the IBM SPSS
Statistics 27 package. The Kolmogorov-Smirnov test was used
to determine whether there was a relationship between the
categorical IPAQ score - PA level (high, moderate, or low PA) —
and the study variables. A series of cross-tabulations were per-
formed together with the chi-square test of independence. In
situations where the assumptions of the chi-square test of inde-
pendence were violated, the Fisher-Freeman-Halton exact test
was used instead. To further explore the relationship between
employment and PA, we used Mann-Whitney U and Kruskal-
Wallis tests to determine whether employment affects PA do-
mains, as measured by a continuous measure of MET-minutes/
week. A significance level of P<0.05 was used for all analyses.

Results

Of the 106 respondents, 60 (56.6%) were female and 46 (43.4%)
were male. Respondents ranged in age from 24 to 78 years, with
a mean age of 49.29 years (SD 14.09). The time since trans-
plantation ranged from 1 month to 28 years, with a mean of
93.9 months (SD 71.83). In total, there were 68 (64.15%) re-
spondents with a kidney transplant and 30 respondents with
a liver transplant (28.30%). The remaining respondents (N=11,
10.38%) had a transplant of a different organ (lung, heart, pan-
creas). More than half of the respondents (N=55, 51.89%) re-
ported having good health. There were 77 (72.64%) patients
who reported having 1 or more chronic diseases. There were
57 (53.77%) employed transplant recipients, 20 (18.86%) re-
spondents were retired, 25 (23.59%) did not work and received
disability benefits, and 4 (3.78%) were unemployed. First, the
basic descriptive statistics of the studied variables were an-
alyzed together with the Kolmogorov-Smirnov distribution
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normality test. The test results were statistically significant
for all variables, which means that their distribution deviates
from the normal distribution. The highest mean PA was re-
ported for job-related PA. Patients also reported high levels
of walking and moderate-intensity PA, while the lowest mean
scores were found for leisure-time PA, total vigorous-intensi-
ty PA, and household PA (Table 1).

There were 61 (57.5%) respondents with high PA levels, 30
(28.3%) with moderate PA levels, and 15 (14.2%) with low PA
levels. The analysis showed a statistically significant relation-
ship only between employment and PA (P<0.001) (Table 2). To
check for a relationship between the categorical result of the
IPAQ questionnaire, ie, the level of physical activity (high, suf-
ficient or insufficient activity), and the analyzed variables, a
series of cross-tabulation analyzes was performed, along with
the chi-square test of independence. There was no correlation
between PA levels and the other socio-medical variables stud-
ied (age, gender, time since transplantation, chronic diseases).

In further analysis of the relationship found between employ-
ment and physical activity, we tested whether employment af-
fected PA levels in different domains, as measured by MET-
minutes/week (Table 3). There were no statistically significant
differences between the employed and unemployed respon-
dents for activities related to transportation, housework, and
leisure time. In contrast, we found that the employed respon-
dents had statistically significantly higher PA levels related to
walking, moderate-intensity PA, total moderate-intensity PA,
vigorous-intensity PA, and total PA.

Discussion

Physical activity is an integral part of human life, but its inten-
sity varies depending on many factors. The overall benefits of
PA include reduced cardiovascular and cancer risk, as well as
beneficial effects on metabolic, muscular, skeletal, digestive,
reproductive, and mental health [32,33]. Regular moderate-
intensity PA is also associated with lower rates of infection;
however, the opposite effect was observed with strenuous ex-
ercise [34]. Research conducted on a cohort of 10 transplant
recipients and 10 healthy controls suggests that that people
after solid-organ transplantation are at increased risk for in-
fection upon contact with a pathogen in the early aftermath
of strenuous exercise [35]. The WHO recommends >150 min-
utes per week of moderate-intensity PA or >75 minutes per
week of vigorous-intensity PA, or an equivalent combination
of moderate- and vigorous-intensity aerobic PA [36].

Physical activity benefits people of all ages and health con-
ditions, including those with chronic diseases [37,38]. PA can
reduce risk factors for the development of conditions such
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Table 1. Basic descriptive statistics and results of the Kolmogorov-Smirnov test.

M Me SD

Physical activity (MET-min/week)

Transportation 1507.67 706.50 2027.76
Jobrelated 204049 000 491838
* Housework, house
maintenance, caring for 1407.74  555.00 2713.29
family

E;Ler:tt'?m"e SF?:”S’ and 144160 48750 2178.73
waking 307118 160050 365473
' Total moderate-intensity PA 281047 84000 3980.14
 Total vigorous-intensity PA 141585 000 296044
TotatPA 729750 440400 821960
© Time spent sitting (min/week)
| Totaltimespentsitting 280349 261000 122334
© Meantime spentsiting 40050 37286 17476

SK Kurt Min. Max. D

2.44 7.27 0.00 11088.00 0.23 <0.001
1.74 2.05 0.00 18648.00 0.30 <0.001
5.35 37.94 0.00  22890.00 0.30 <0.001
2.76 9.73 0.00 13302.00 0.25 <0.001
2.10 5.30 0.00 19404.00 0.20 <0.001
2.76 11.75 0.00 26730.00 0.24 <0.001
2.64 6.97 0.00 14400.00 0.33 <0.001
1.92 5.15 0.00 47898.00 0.19 <0.001
0.55 0.06 540.00 6720.00 0.09 0.035
0.55 0.06 77.14 960.00 0.09 0.035

M — mean; Me — median; SD — standard deviation; SK — skewness; Kurt — kurtosis; Min. — minimum value; Max. — maximum value;

D - test statistics, p — statistical significance.

Table 2. Relationship between employment and levels of
physical activity.

Employment

Physical activity

N 19 22
Moderate = oo
% 38.80% 36.70%
N 18 28
High % 36.70% 46.70%

%x%(2)=17.27, P<0.001

N — number of respondents.

as hypertension, obesity, and hyperlipidaemia, thereby slow-
ing the progression of cardiovascular disease (CVD), which
is a major cause of mortality in transplant recipients [10,11].
CVD risk factors include hypertension, diabetes, hyperlipid-
emia, smoking, diet, obesity, and a sedentary lifestyle or lack
of regular physical activity. PA reduces many of these risk fac-
tors [39,40]. Corticosteroids, when used as part of immuno-
suppressive therapy, can also cause many adverse effects, in-
cluding weight gain, osteoporosis, and sarcopenia [11,41,42].

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The study participants demonstrated high levels of PA re-
gardless of gender, age, transplanted organ, and time after
transplantation. Van Adrichem et al [16] showed that factors
significantly associated with lower PA included female gen-
der, younger age, unemployment or retirement, and physical
limitations, as well as low expectations and self-confidence.
Transplant type had no significant effect on PA. A study by
Kotarska et al [43] of 107 liver recipients also found no cor-
relation between PA and age or gender, although there was a
correlation between PA and time since transplantation. Both
our own study and that of Kotarska et al [43] showed a cor-
relation between employment and PA. Employed patients re-
ported significantly higher activity in each domain as well as
total PA as compared to the unemployed participants.

The total PA of the employed liver recipients was on average
5668.2+4787.0 MET-min/week, while it was 3797.9+1852.8
MET-min/week for the non-employed. In our study, the em-
ployed participants reported a total PA of 10268.12+9355.93
MET-min/week, while the total PA of the non-employed par-
ticipants was 3841.88+4795.80 MET-min/week. This group
also included recipients of retirement age, but age did not
correlate with the level of physical activity, and the obtained
results indicated that recipients who were not working were
also highly physically active. Both studies show a particularly
large discrepancy between the 2 groups of patients in terms
of vigorous-intensity PA, especially in the employed transplant
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Table 3. Differences in MET-min/week values across activities by employment.

Unemployed respondents
Physical activity

(MET-min/week)

Employed respondents

Transportation 48.98 1484.88  2112.51 57.39 1527.26  1970.70 -1.41 0.159 0.02
Housework, house

maintenance, ca ring for ~ 48.00  1076.63 1857.66 5823 169237 326609  -1.71 0.087 0.03
family

Recreation, sport and 49.02 128037 202259  57.35 158021 231336  -1.39 0163 002
leisure-time

Walking 4221 223524 354107  63.20  3789.79  3627.61 -3.51 <0.001 0.12
;Zta' moderate-intensity 1) 00 147104 230377 6339 396114 471575 -3.57 <0.001 0.12
l:tal vigorous-intensity 55 13469 48722 6595  2517.19  3682.20 -5.24 <0.001 0.26
Total PA 3852  3841.88 479580 6638 10268.12 935593  -4.65 <0.001 021

M — mean rank; SD — standard deviation; Z — normal distribution, P — statistical significance, n? — effect size.

recipients. Masala et al [44] surveyed 54 Italian liver trans-
plant recipients, also using the IPAQ questionnaire. The trans-
plant recipients in the study reported an average total PA of
1413.0+2880.05 MET-min/week. The same study also includ-
ed a control group of 108 respondents, with an average total
PA of 1448.5+3719.01 MET-min/week. The study showed no
significant differences between the study group and the con-
trol group, suggesting that transplant recipients have a similar
PA as the general population. In comparison, the total PA was
7297.5+8219.6 MET-min/week in our study and 4497.1+3375.7
MET-min/week in the study by Kotarska et al [43], showing
that Polish transplant recipients have a significantly higher to-
tal PA than Italian recipients. In contrast, in a study by Biernat
and Piatkowska [45] on 2000 Poles at various stages of life, the
average total PA of the Polish population was 2079.9+3293.5
MET-min/week. These findings may confirm that living in a dif-
ferent latitude, climate, or culture affects a person’s PA, lead-
ing to significant differences in PA regardless of health sta-
tus. The difference may result from the understanding of, for
example, physical activity. For example, in Poland, people go
for walks for a specific purpose, including to maintain phys-
ical activity, while for Italians, “la passeggiata” (leisurely so-
cial walking) has little to do with a set goal or physical effort.

Further studies of physical activity in transplant recipients
should be conducted in larger populations. Our study was also
limited by its cross-sectional nature. The cross-sectional design
limits the ability to establish causality, and longitudinal stud-
ies are needed. We studied the issue at a single point in time,
which makes it impossible to assess the dynamics of change.
The survey was questionnaire-based, and an objective and
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reliable PA assessment using questionnaires is difficult, as such
tools have low reliability and accuracy [46]. First, the respon-
dent may not answer honestly, which has a significant impact
on the results. Second, it is impossible to verify whether the re-
spondent actually does the type of activity indicated or to de-
termine its frequency and duration. The subjective perception
of one’s own activity is also of importance. Biernat et al [47]
found that young adults tended to overestimate their activi-
ty when completing the IPAQ alone. Respondents may find it
difficult to categorize the intensity of a particular activity they
are assessing based on the symptoms listed, such as acceler-
ated breathing or heart rate. As they have to use rather im-
precise concepts, the data obtained are not very accurate. It
seems that the presence of a trained interviewer during the
completion of the questionnaire could be helpful. Biernat et
al [47] used the short version of the IPAQ in their study, with
some of the respondents completing it alone and others com-
pleting it with the interviewer. The way in which the question-
naire was administered was found to have a significant effect
on the results obtained. In the group that completed the ques-
tionnaire alone, 80.5% of the respondents had a high level of
physical activity compared to just over 23% in the other group.
Given the studies cited above, this result should be treated
with caution, as respondents are likely to overestimate their
own PA. The recipients completed the survey questionnaire
themselves, which may explain the good results.

A decline in physical activity is noticeable in patients by the time
organ failure develops, and usually reaches its peak when end-
stage organ failure occurs. However, transplantation does not
always solve the problem of reduced physical activity due to
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frailty [48-51]. In the case of liver diseases, frailty is much more
common in recipients who were transplanted due to metabol-
ic dysfunction-associated steatotic liver disease (MASLD) [52].
Despite the return of function of previously ineffective organs,
patients after the procedure still struggle with low circulatory and
respiratory efficiency or muscle weakness causing rapid fatigue,
which constitutes a barrier to physical activity. In the research of
Lai et al, patients who exhibited frailty pre-transplant reported
more difficulty with everyday activities (21% versus 10%) and
were more likely to be unemployed or receive disability bene-
fits 1 year after the transplant (38% versus 29%) than non-frail
transplant recipients [52]. Reduced activity may also be caused
by prolonged hospitalization, taking immunosuppressive drugs,
and episodes of organ rejection. Patients may also suffer from
nutritional deficiency caused by pre-transplant dietary recom-
mendations, causing general malaise and weakness [51]. Further
research on physical activity should be prospective and long-
term, taking into account the previously mentioned variables
and use, in addition to the survey questionnaire, other avail-
able methods, such as those indicated in the frailty assessment.

In our center, patients only receive recommendations about
performing daily activities provided by doctors and nurses.
Therefore, these activities were the subject of the study. There
is an increasing number of studies indicating the need to edu-
cate recipients regarding recommended physical exercise and
aerobic exercises and their importance for the recipient’s life
and the functioning of the transplant. More and more often,
the need for prehabilitation before transplantation is indicat-
ed, which includes physical activity, which may have therapeu-
tic and preventive significance and be considered a non-phar-
macological therapy. Unfortunately, we still know little about
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what exercises to recommend to recipients, how often and for
how long, and what their actual impact is in this group of pa-
tients. Further research is needed.

Short-term patient survival after organ transplantation has im-
proved significantly and the focus of research has shifted to
long-term patient survival, also including the importance of
PA for beneficial health outcomes. It is important to remem-
ber that PA is a preventive measure with a lower economic
burden than pharmacotherapy and that it has beneficial ef-
fects in both the prevention and treatment of many diseases.
Based on the present research and other reports, it is not clear
what factors and mechanisms influence the physical activity
undertaken by solid-organ transplant recipients. Moderate-
intensity PA appears to be a good choice for transplant recip-
ients, but further, larger-scale studies are needed, as well as
and clinical evidence, to assess the impact of PA on graft sur-
vival and chronic disease prevention in this patient population.

Conclusions
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. Transplant recipients showed good levels of physical activ-
ity, with employment being the only factor contributing to
PA increase. Employed patients had higher PA levels in all
domains.

2. Patients preferred physical activities that did not require

vigorous intensity.

3. A prospective study should be conducted to evaluate the

economic costs and benefits and medical aspects of under-

taking physical activity by transplant patients.
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