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Abstract

Introduction: Regular physical activity results in many health benefits, however many studies indicate that the le-
vel of activity of patients after transplantation is low. The purpose of the study was to assess the level of daily physical
activity in patients after liver (LTx) or kidney transplantation (KTx) and the usefulness of a self-monitoring method in
increasing their daily physical activity.

Material and methods: Patients after LTx or KTx (n = 100) has been enrolled to the study and were randomly assi-
gned to either an intervention (IG) or control group (CG). Ninety-four participants completed the 3 month period of ob-
servation. Participants assigned to IG were monitoring their daily physical activity using a pedometer and were required
to complete a diary of daily number of steps. The level of physical activity was also assessed by International Physical
Activity Questionnaire (IPAQ). In the statistical analysis the parametric and non-parametric tests has been used in consi-
stency with data distribution. A value of p <0.05 was considered significant.

Results: The average daily number of steps in pre/posttest in both study groups was less than 7600. The study showed
a significant relationship between the average daily number of steps and daily Total Physical Activity Score TPAS/day
[MET-min/day] (p < 0.001; r = 0.57). The study did not revealed any effects of intervention.

Conclusions: Daily physical activity in patients after KTx or LTx is low, but it does not differ from healthy population
(<7500 steps). In post-transplant comprehensive medical management, long-term physical activity recommendations
could be included together with the early post-surgery physiotherapy.
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Introduction

Regular physical activity (PA) results in many health
benefits, therefore it is also highly recommended for pa-
tients after transplantation [1]. However, many studies
indicate that the level of activity of patients after kidney
transplantation (KTx) or liver transplantation (LTX) is

[@roEle

org/licenses/by-nc-sa/4.0/).

low. Only 20% to 36% of KTx patients and 50% of LTx
patients declared that they participated in moderate or
regular physical activity 1 year after the surgery [2—4].
In general, transplanted patients are characterized by low
energy levels, fatigue, poor exercise capacity and a se-
dentary lifestyle. A low level of PA increases the risk
of cardiovascular mortality and metabolic diseases or

This is an Open Access journal, all articles are distributed under the terms of the Creative Commons Attri-
bution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.


https://orcid.org/0000-0001-9821-6579
https://orcid.org/0000-0001-7209-1843
https://orcid.org/0000-0002-3674-3469
https://orcid.org/0000-0003-2532-3327
https://orcid.org/0000-0002-1023-3057

26 Wesotowska-Gorniak K, Wéjtowicz M, Federowicz M, et al.

sarcopenia. Decreased muscle mass resulting from sar-
copenia is associated with poor survival rate after KTx.
A low level of PA could also result in weight gain, obesi-
ty, diabetes, hypertension and metabolic syndrome. The-
se factors are associated with the worst outcomes of the-
rapy, increased number of cardiac events and even graft
loosening or death in transplanted patients [5].

In hepatic and pancreatic transplant recipients, car-
diovascular complications are the leading cause of de-
ath. The 5-year mortality rate from cardiovascular di-
sease in KTx patients is 15% [6]. Although there are
many interventional studies using exercise programs
in a group of patients after the transplantation that are
reported in the literature, official guidelines for PA in
the transplant setting are absent [6,7]. Guidelines for
PA for patients with chronic diseases or older adults
recommend similar levels of exercises as for healthy
adults, guided by the individual’s exercise capacity [8].
Available evidence on structured exercise interventions
in KTx patients suggests that, in middle-aged adult pa-
tients without major comorbidities, an aerobic or resi-
stance exercise training program lasting 3—6 months
may be recommended as a part of their comprehensive
medical management [5].

Nowadays, increasing ambulatory PA by monitoring
daily steps is becoming very popular. Although a precise
translation of public health guidelines in terms of steps
per day is unknown, it was estimated that daily number
of steps in special populations, like patients with chro-
nic illness range between 1,200 and 8,800. Considering
the common PA recommendations it was estimated that
the minimal daily number of steps range between 5,500
and 4,600 during free-living behavior (considering that
2,500 steps/day is a general indicator of basal activity
in individuals living with disability or chronic illness).
Exercise interventions based on pedometers in special
populations elicit an increase of more than 2,000 steps
per day [9]. Moreover the use of a step diary or daily
physical activity recording may be key motivational
factors for increasing physical activity [10,11].

The aim of this study was to assess the level of daily
physical activity in patients after liver or kidney trans-
plantation and the usefulness of a self-monitoring me-
thod (pedometer) in increasing their daily physical ac-
tivity. The secondary aim of the study was to assess the
correlation between the measurement of physical activity
using the subjective (International Physical Activity Qu-
estionnaire — [PAQ) and objective (pedometer) methods.

Material and methods

The Ethics Committee approved the experimental
protocol (No. KB/7/A/2018).

Participants

This study included 100 patients after liver (n = 28)
or kidney transplantation (n = 72). Thirty-nine parti-
cipants were female and sixty-one of them were ma-
le. The intervention group — IG (n = 49) consisted of
patients who had undergone KTx (n = 37; 75.5%) or
LTx (n = 12; 24.5%). The control group — CG (n = 51)
also consisted of KTx patients (n = 35; 68.6%) and
LTx patients (n = 16; 31.4%). Distribution of groups
by gender was as following: 18 (36.7%) females and
31 (63.3%) males in IG; 21 (41.2%) and 30 (58.8%) in
the CG, respectively. The mean age of patients in IG
was 33.8 + 7.1 years old and 36.2 + 6 years old in CG.
There was no statistical significant difference between
the study groups at PO in average daily number of steps
(p = 0.78) and in the TPAS/day (p = 0.85).

To estimate the sample size the Harris’s formula has
been used. According which the number of participants
should exceed the number of predictors by at least 50
[12]. The inclusion criteria of this study were: status
after liver or kidney transplantation within 1 to 5 years
after the surgery, age between 18 to 45 years old, writ-
ten consent to participate in the study. From the study
were excluded patients unable to move independently
and patients unable to perform functional tests. The age
range of the participants was established to select those
of working age and exclude patients with the very low
daily physical activity often observed in older adults.

Measurements

During the recruitment, every patient expressed
written consent to participate in the study and the pa-
tients were randomly assigned to either the IG or CG
using a random permuted blocks method of sizes 4. The
sequence was generated automatically by computer. Al-
location ratio was 1:1. The random allocation sequence
was generated by the researcher, who did not contribute
in recruitment process. The recruitment process lasted
from January to June 2018. During the recruitment sta-
ge (point 0 — P0) all of the patients underwent the 7-days
measurement of their daily number of steps, comple-
ted the long form of the International Physical Activity
Questionnaire (IPAQ), and their body composition was
measured using a bioimpedance method (Body Compo-
sition Analyser Maltron Bioscan 920, UK).

The level of daily activity, as measured by a pedo-
meter (Beurer AS 80 Bluetooth activity sensor, Germa-
ny), was calculated using indicators for healthy people
[13]. There are no precisely calculated intervals of the
level of daily activity for special populations, like pa-
tients after organ transplantations. According to the lite-
rature, there appears to be no need to otherwise reduce
physical activity guidelines for apparently healthy ol-
der adults or patients with chronic illness that do not
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challenge their physical abilities [9]. It is the reason
why the level of daily physical activity of KTx and LTx
patients was referenced to norms for healthy adults.

The long form of the IPAQ iclude details about the
specific types of activities. The items were structured
to provide separate domain-specific scores for walking,
moderate-intensity and vigorous-intensity activity wi-
thin each of the work, transportation, domestic chores
and gardening, and leisure-time domains. Total time
engaged in walking, moderate physical activity, and
vigorous physical activity and level of daily activity
were computed according to the guidelines. All cases
in which the sum total of all walking, moderate and vi-
gorous time variables was greater than 960 minutes (16
hours) were excluded from the analysis [14]. The long
IPAQ questionnaire forms indicate very good repeata-
bility (a repeatability coefficient of p = 0.81) [15]. The
main result of the IPAQ, Total Physical Activity Score
per week (TPAS/week) has been averaged to daily va-
lues (TPAS/day). All data were anonymized and collec-
ted on virtual database.

Intervention

Patients assigned to the IG were subjected to inte-
rvention, which involved self-monitoring their daily
physical activity using a pedometer for three consecu-
tive months. They were required every day to complete
a diary of their daily number of steps. Data suggests that
having access to daily step counts positively influenced
to attain a higher number of steps per day [16,17] and
the use of a step diary may be key motivational factors
for increasing physical activity [10]. The patients from

the CG received no intervention procedures. After three
months from PO, all patients were invited to final tests
(point 1 — P1), which were the same functional test and
questionnaire, as in PO.

Statistical analysis

Ninety-four participants completed the 3 month
period of investigation and only those data where ana-
lyzed. Six patients withdrew from the study. Collected
data were calculated using the R package, version 3.4.3.
Categorical variables were described by count and per-
centage, whereas continuous variables were described
by arithmetic mean with standard deviation (SD). The
consistency of the data with the normal distribution
was assessed by the Shapiro-Wilk test. To verify study
hypothesis, the data which distribution were consistent
with normal (BMI, Fat%, FFM) were analyzed using
parametric tests. In analysis data not consistent with
normal the non-parametric tests has been used.

The non-parametric Mann-Whitney U test was used
to compare continuous variables between the I1G and the
CG. In order to verify if the differences individual va-
riables between the final and the initial time point were
significant different in the CG than in the IG the Wilco-
xon Test or T-Student test has been used. For pairs of
numerical variables, the Pearson’s linear correlation co-
efficient or the Spearman’s Rank correlation coefficient
was used. The linear mixed models method was used
to examine the influence of several factors (group, time
of measurement and their interaction) on the patients’
results (as a random factor was treated a patient-related
factor). A value of p < 0.05 was considered significant.

Tab. 1. Results of functional test, questionnaire, and bioimpedance measures

Results of tests 1G Mean = SD Test; P CG Mean + SD P
i PO 7094 + 2635 PO 7527 +£ 4237

Average daily number of steps p>0.05' p>0.05'

[steps/day] P1 7189 +3193 Pl 7265 + 3226
PO 945.3 + 664.5 PO 1005 + 750.5

IPAQ . p>0.05! p>0.05!

TPAS/day [MET-min/day] Pl 979.7 +701.2 Pl 1418 +893.3

o PO 24.02+4.11 PO 25+391

Bioimpedance: BMI [kg/m?] p>0.05% p > 0.05?
P1 24.02 +4.11 P1 2498 £3.43
PO 22.83 +8.33 PO 26.46 £ 7.41

Fat% p>0.05% p>0.05%
P1 23.4+8.65 P1 26.92 +£6.58
PO 53.39+9.35 PO 52.98 £10.84

FFM [kg] p > 0.05? p>0.05%
P1 52.3+09.16 P1 51.76 £10.18

PO — recruitment; P1 — final tests; CG — control group; 1G — intervention group; SD — standard deviation; IPAQ — International Physical
Activity Questionnaire; TPAS/day — Total Physical Activity Score/day; BMI — Body Mass Index; Fat% — percentage of body fat; FFM

— Free Fat Mass; ! Wilcoxon Test; 2 T-student Test.



28 Wesotowska-Gorniak K, Wéjtowicz M, Federowicz M, et al.

Results

The average daily number of steps in IG at PO was
7094 (£2635) and it increased in PO to 7189 (£3193). In
CG at PO it was 7527 (+4237) and it decreased to 7265
(£3226) in P1. The detailed results of tests performed in
IG and CG in PO and P1 are included in Table 1.

Percent distribution of groups due to the level of PA
calculated from the average daily number of steps and
the level of activity calculated according the IPAQ gu-
idelines are included in Table 2.

The validity test of the IPAQ questionnaires reve-
aled that only 45% questionnaires from the CG and 63%
from the IG at PO and 33% from CG and 61% from IG

Tab. 2. Percent distribution of groups due to the level of PA calculated from the average daily number of steps and
the level of activity calculated according the IPAQ guidelines

PO P1
1G [%] CG [%] 1G [%] CG [%]

Level of PA Average daily number of steps

Sedentary 17 32 22 30
Low active 50 20 37 24
Somewhat active 23 22 29 29
Active 10 26 13 17
Level of PA IPAQ TPAS/day [MET-min/day]

Low 37 18 36 35
Average 60 82 61 65
High 3 0 3 0

PO — recruitment; P1 — final tests; CG — control group; IG — intervention group; SD — standard deviation; IPAQ — International Physical
Activity Questionnaire; TPAS/day — Total Physical Activity Score/day; PA — Physical Activity; Sedentary — <5,000 steps/day; Low
active — <7,499 steps/day; somewhat active — <9,999 steps/day; Active —>10,000 steps/day.

Tab. 3. The results of the impact of intervention. The comparison of values differences between recruitment point

and final point

Results of tests Group Mean differences (=SD) Test; P
IG —18.6 (£2994)

Average daily number of steps [steps/day] p>0.05!
CG —435.1 (£2721)

IPAQ IG —78.5 (£556.5) 0,052

TPAS/day [MET—min/day] CG 396.7 (:|:796.9) p '
IG -0.2 (£1.3)

Bioimpedance: BMI [kg/m?] p>0.05'
CG 0.1 (£0.9)
IG 0.5 (+4.6)

Fat% p>0.05
CG 0.1 (£3.2)
IG -0.5 (£3.6)

FFM [kg] p>0.05'
CG 0(£2.2)

CG — control group; IG — intervention group; SD — standard deviation; IPAQ — International Physical Activity Questionnaire; TPAS/day
— Total Physical Activity Score/day; BMI — Body Mass Index; Fat% — percentage of body fat; FFM — Free Fat Mass; ! Mann-Whitney

Test; 2 T-student Test.
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at P1 could be statistically analyzed. In most cases there
was an overestimation of self-reported physical activity
or the data were incomplete.

According to this study, the Spearman’s Rank cor-
relation coefficient revealed a significant relationship
between the average daily number of steps and the re-
sult TPAS/day [MET-min/day]| measured by IPAQ test
(p<0.001;r=0.57).

The mixed model analysis confirmed that there was
a strong relationship between the results of TPAS/day
[MET-min/day] and the average daily number of steps
(p < 0.001). The increase in the average daily number
of steps by 100 was accompanied by the increase of the
TPAS/day [MET-min/day] by about 13 units.

Analysis of the impact of the intervention

The analysis of the impact of the intervention used
in the study on the differences between observation in
PO and P1 did not reveal any effects on the average da-
ily number of steps (p = 0.99), TPAS/day [MET-min/
day] (p = 0.1) body mass index (BMI) (p = 0.64), bo-
dy fat percentage (Fat%) (p = 0.53) and free fat mass
(FFM) (p = 0.23). This observation was confirmed
in the analysis of mixed models, where the influence
of the measurement time, the studied group and the-
ir interaction on the variable value was checked. The
results of impact of the intervention are included in
Table 3.

In the IG the decrease in values of TPAS/day [MET-
min/day] has been noted, whereas in the CG there has
been an average increase in this value, but observed dif-
ferences was not statistically significant.

Discussion

The level of daily PA calculated from average daily
number of steps observed in the group of patients after
KTx or LTx in 1 to 5 years after the surgery could be in
general described as low (from 5000 to 7499 steps/day),
with regard to recommendations for healthy young or
middle-aged populations [18]. On the other hand, consi-
dering the PA recommendations for patients with chro-
nic diseases, average daily number of steps achieved by
patients from both study groups indicates, that they are
more active than patients qualified as ‘older adults or
special populations’ [9]. It means that PA recommen-
dations for young to middle-aged patients after KTx or
LTx without the complications and after the post-surge-
ry recovery time could be the same as for healthy indivi-
duals. Those results are consistent with Raymond et al.,
where the average daily number of steps achieved by
KTx patients was more than 9000 [19]. Cross-sectional
studies conducted on healthy populations indicate that

without any motivational or interventional procedures,
the level of pedometer-assessed PA is lower than re-
commended and depends on working or non-working
days, as well as the season [20].

Most studies on assessment of PA in post-transplan-
tation patients are based on subjective methods using
standardized or self-prepared questionnaires. Those
methods are burdened with a large measurement error
and are usually overestimated, which has been previo-
usly proven [20,21]. This observation is partially re-
flected in the research presented here, where the high
percentage of completed questionnaires was overesti-
mated and did not meet the validity criteria, so those
results could not be subjected to statistical analysis.
The level of PA assessed by IPAQ indicates that sel-
f-perception of daily activity in both study groups is
average. Moreover, there was a statistical significant
correlation between the average daily number of steps
and TPAS/day [MET-min/day] calculated on results,
which were positively validated. It means that PA was
assessed correctly in positively validated results, but
the names of the levels of PA assessed by daily num-
ber of steps and IPAQ do not correspond with each
other. It could be explained by mismatching in ranges
of standards in determining the levels of activity be-
tween objective measurement methods and question-
naires, even standardized ones. Presented study reve-
aled decrease in values of TPAS/day [MET-min/day]
in the IG after the intervention, which could be caused
by a better sense of patients own activity after using
the self-monitoring objective method. It means that to
PA assessment should be recommended using objecti-
ve methods or both of them simultaneously (subjecti-
ve and objective).

Although the study revealed an increase in the ave-
rage daily number of steps in IG after the interven-
tion and decrease in that value in the CG, the impact
of intervention did not revealed significant differences
in study groups at P1. This intervention was based on
using the self-monitoring method with a step diary, but
without a recommended goal of daily steps. The effec-
tiveness of self-monitoring activity by pedometer with
step diary use in increasing the daily number of steps
has been previously proven. However, the use of the
self-monitoring method with goal setting or feedback
(e.g. 10,000) seems to be even more effective, which
was impossible to apply to the study group due to the
lack of appropriate recommendations [9].

Many authors emphasize the role of motivation in
increasing PA. Their methods derived from cognitive-
behavioral and motivational approaches to increase the
likelihood of enduring behavior change by increasing
motivation, self-efficacy, and sense of control over
physical activity, using a personalized approach, with
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social support and setting of meaningful goals [22]. So-
me studies have identified text messages as a method
for promoting PA. One of these is a SDT-informed text
messages method emphasizing the basic psychological
needs based on a theory of motivation — the Self De-
termination Theory [23]. Other method considered as
effective in PA promotion is the daily physical activi-
ties recording [11]. Those observations may prove that
using step goals or other methods to increase PA in KTx
or LTx may be effective, but studies on larger popu-
lations are necessary to determine their safety, e.g. the
safe ranges of the daily number of steps recommended
in this group of patients.

Taking into account the consequences of trans-
plantation and immunosuppressive therapy, as well as
the high risk of cardiovascular diseases and metabolic
syndrome among KTx or LTx patients, the sedentary
lifestyle and low level of PA is particularly undesirable.
Moreover, many researchers confirm the positive im-
pact of the exercises interventions on muscle strength
and cardiorespiratory fitness in KTx or LTx patients.
Van der Ham et al. observed a statistical significant im-
provement in VO2 peak and muscle strength in KTx
patients after the 12-weeks endurance and strength tra-
ining [24]. Similar observations have been observed by
Greenwood et al. [25]. Karelis et al. noticed an impro-
vement in muscle strength but not in cardiometabolic
risk factors [26], whereas Kouidi et al. noted an impro-
vement in maximal oxygen uptake [27]. Very little data
on the impact of exercise training comes from research
on patients after LTx. Moya-Nayera et al. observed a si-
gnificant improvement in maximal oxygen consump-
tion, overall and regional maximal strength [28] and
van den Berg-Emons noticed improvement in aerobic
capacity and knee flexion strength in LTx patients fol-
lowing a training program [29]. All of the above studies
have shown that exercise training is very important in
improving cardiorespiratory fitness or muscle strength
in early rehabilitation after transplantation. However,
all of them were conducted in the range of 2-12 mon-
ths period after the transplantation, which means that
the achieved effects could be short-term. Therefore, in
the standard post-transplant care, in addition to exer-
cise programs, preparing for a quicker return to social
and professional life, important elements should be the
recommendations of daily physical activity used to re-
duce the risk of cardiovascular disease, in force for the
rest of the patient’s life.

In the study did not reveal any changes in bioim-
pedance parameters. Although Cai et al. in meta-ana-
lysis confirmed the impact of pedometer intervention
on BMI and weight but among obese and overweight
adults [30]. The BMI of the participants of our study

was within the normal range. In addition, there were no
daily step goal in the study, which may have resulted in
no observed effects on body weight components.

Study limitations

One of the limitations of our study could be the
number of completed questionnaires (IPAQ) that met
the validity criteria; however this number was sufficient
to derive valid conclusions from the statistical analysis.
Another limitation is lack of the step goal in the inte-
rvention procedure, but it was caused by the lack of ap-
propriate criteria for those groups of patients. The use
of such a goal could strengthen the impact of interven-
tion used in the presented study.

Conclusions

In conclusion, we have shown that daily PA in pa-
tients after KTx or LT is low, but it does not differ from
healthy populations. It means that PA recommenda-
tions for young to middle-aged patients after KTx or
LTx without complications and after the post-surgery
recovery time may be the same, as for a typical healthy
individuals. Moreover, to increase PA in KTx and LTx
patients, using daily step-goals may be effective, but
further studies on larger populations are necessary to
determine the safe ranges of the daily number of steps
recommended in this group of patients. Due to the ove-
restimation observed in IPAQ results we conclude that
PA assessment should be recommended using objective
methods or both, subjective and objective simultane-
ously. We also conclude that, in post-transplant com-
prehensive medical management, long-term PA recom-
mendation could be included on a par with the early
post-surgery physical therapy.
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