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Summary

The influence of dialysis modalities on HRQoL before and after kidney transplan-

tation (KT) and the role of adherence to medication on HRQoL have not been

fully studied. Sixty four dialysis patients who answered the 15D HRQoL survey

during dialysis were surveyed again after KT. Adherence and employment were

also investigated. The mean 15D score was highest among home hemodialysis

patients (HHD) and lowest among in-center hemodialysis patients (icHD). After

KT, the mean 15D score improved significantly in 78.6% of peritoneal dialysis

patients (PD), 47.6% of HHD, and 53.8% of icHD. Then, mean 15D score

remained unchanged in 28.6% of HHD and in 23.1% of icHD patients. A deterio-

ration in the 15D score occurred in 14.3% of PD, 23.1% of icHD, and 23.8% of

HHD patients, and this was influenced by the number of pills (P = 0.04). Adher-

ence to medication was the lowest in PD, timing being the most challenging task

showing a connection to higher creatinine concentration (never forgot 1.41 mg/

dl vs. forgot 2.08 mg/dl P = 0.05). Employed patients had a higher mean 15D

score. The icHD and PD patients benefited the most from KT and HHD the least.

Low pill burden and employment were linked to a better HRQoL.

Introduction

The success of kidney transplantation (KT) could be

achieved by prolonging patients’ survival and by enhancing

patients’ well-being after receiving this treatment as well.

Tools for measuring well-being are mainly those evaluating

the health-related quality of life (HRQoL). Several generic

and disease-specific instruments are available for measuring

HRQoL. While generic instruments measure general physi-

cal, mental, and social health, allowing comparisons with

general population or across different morbidities, the spe-

cific instruments target a specific disease and permit the

detection of specific symptoms and subtle changes in the

quality of life [1].

In the case of end-stage renal disease (ESRD), different

treatment modalities affect the HRQoL to a variable degree.

The differences in HRQoL among hemodialysis (HD) and

peritoneal dialysis (PD) patients have been difficult to

interpret because of patient selection bias [2]. The Freedom

study demonstrated an improvement in HRQoL after

switching patients from in-center hemodialysis (icHD) to

frequent home hemodialysis (HHD) [3]. Several studies

have revealed that HRQoL is better in KT patients com-

pared with dialysis patients and that graft loss is associated

with a worsening HRQoL [4]. In a metanalysis involving

HD, PD, and KT patients, the authors concluded that

transplant patients had and improved HRQoL, but not as

remarkable as expected after adjustment for age and
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presence of diabetes [5]. Jofre reported in a longitudinal

study an improvement in HRQoL in icHD patients after

KT, although the benefit was smaller in older patients with

several comorbidities [6]. These variables cannot be modi-

fied, but Morales demonstrated that medication complexity

is a controllable barrier that affected negatively both trans-

plant patients’ adherence to the treatment and HRQoL [7].

There is an increased interest in HRQoL assessment in

ESRD. However, there is scanty data in the literature evalu-

ating the changes in HRQoL of HHD, icHD, and PD after

KT. Most of the studies are cross-sectional, comparing HD

and PD with KT or icHD versus KT [2,4,6,8–10]. In a small

study by Park et al., 16 patients were longitudinally fol-

lowed up 10 days before KT and 3 months after, and found

an improvement in several domains of HRQoL [10]. This

issue is highly relevant, since the measurement of HRQoL

has been proposed, not only as a measure of outcome in

chronic disease, but also as an adjustment factor in eco-

nomic evaluation [5].

The aim of this study is to investigate the association

between dialysis modality and HRQoL before and after KT

and, secondarily, the association of adherence to the medi-

cal treatment and its complexity with HRQoL.

Study population and methods

Study design and participants

Between years 2004 and 2006, 220 patients started dialysis

treatment at the Helsinki University Central Hospital.

From this initial cohort, 156 incidental dialysis patients

responded to a HRQoL survey employing the 15D instru-

ment. Details about the study population included are

shown as a flow chart in Fig. 1. Patients that responded to

the 15D questionnaire and had a functional kidney graft as

of October 31, 2012, were invited to participate in this lon-

gitudinal survey. They received a letter explaining the ratio-

nale for the study and a consent form, along with a prepaid

envelope for returning it. Additionally, they were asked

about their education (elementary, high school, tertiary, or

university) and both current and pretransplant employ-

ment (employed, retired, unemployed, or student). The

15D results obtained from this cohort were compared with

those obtained from the Finnish general population (GP)

in the National Health 2000 Health Examination Survey

[11]. The data in the age range of the study population

were weighted to correspond the age and sex distribution

of the patients.

Measurements

Demographics, etiology of ESRD, the time on dialysis and

comorbidities at the start of dialysis treatment, last plasma

creatinine concentration, estimated GFR, and current med-

ical treatment were retrieved from patient charts using the

CKD-EPI formula [12]. Recipient Risk Score (RRS) was

used to compare comorbidities across groups. It considers

the time on dialysis, history of diabetes, interaction

between diabetes and age, and the presence of coronary

artery disease [13].

Health-related quality of life assessment

The 15D instrument is a generic, 15-dimensional, standard-

ized, and self-administered measure of HRQoL [14]. It can

be used both as a profile and as a single-index score mea-

sure. For each of the 15 dimensions (moving, seeing, hear-

ing, breathing, sleeping, eating, speech, excretion, usual

activities, mental function, discomfort and symptoms,

depression, distress, vitality, and sexual activity), the respon-

dent chooses the level that best describes his or her present

health status (the best being 1 and the worst 5). The valua-

tion system of the 15D is based on an application of the

multi-attribute utility theory. The single-index score (15D

score), representing the overall HRQoL, and the dimension

level values, reflecting the goodness of the levels relative to

no problems on the dimension and to being dead, both on

a 0–1 scale, are calculated from the health state descriptive

system using a set of population-based preference or utility

weights. The maximum 15D score is 1 (no problems on any

dimension), and minimum score 0 (equal to being dead).

The higher the score, the better the HRQoL. This instru-

ment has been used before in dialysis patients [15].

Adherence assessment

Adherence to the treatment was assessed with the self-

report BAASIS written questionnaire and the visual analog
Figure 1 Flow chart detailing the patients included in this study from

the initial population.
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scale (VAS). BAASIS consists of four questions that need to

be answered yes or no; if yes, it is asked how often this hap-

pened in the last month [16]. The VAS assesses overall

medication adherence over the latest month from the

patient’s point of view from 100% (perfect adherence) to

0% (never took the medication as prescribed). It is worth

to mention that in Finland, immunosuppressive medica-

tions are fully reimbursed lifetime and the prescriptions are

renewed during their visit to the outpatient clinic, by phone

or electronically.

Evaluation of the medical treatment complexity

We chose the Medication Regimen Complexity Index

(MRCI) [17], which has previously been used in HHD

patients [18]. It takes into account pill burden, number of

medications, frequency, and types of administration.

The study design was approved by the internal review

board and the ethics committee of the Helsinki University

Hospital. The clinical and research activities being reported

are consistent with the Principles of the Declaration of

Istanbul as outlined in the ‘Declaration of Istanbul on

Organ Trafficking and Transplant Tourism’ [19].

Statistical analysis

Descriptive statistics are presented as mean and standard

deviation. We tested continuous variables for normality

with Shapiro–Wilk, analyzing histograms and Q-Q plots.

Pill number, time on dialysis, and VAS were transformed

for normality. Specifically for VAS, data were first reflected

and log10 transformation used afterward to allow the use

of ANOVA, and Tamhane’s post hoc test to assess differences

between groups. Chi-square test was applied for categorical

variables.

If a respondent left up to 3 questions of the 15D unan-

swered, the missing data were imputed by regression mod-

els with age, sex, and the responses on the other

dimensions as explanatory variables. The minimal clinically

important change in the 15D score has been estimated at

0.018 for improvement and �0.045 for deterioration [20].

Dropout from the follow-up was assessed with Bayesian

logistic regression using MCMClogit function. (MCMC-

pack, MARTIN JSTAT Software 2011 (Berkeley, CA, USA)). To

account for the possibility that the missingness of data was

not completely at random, we used mean matching or lin-

ear regression to generate an imputed data set. A P-value <
0.05 was considered statistically significant. Statistical

software SPSS 19 and R3.0.1 (IBM, Armonk, NY, USA) was

used for analyses.

Results

Response rate was 80.3%. The description of the popula-

tion is depicted in Table 1. The mean time elapsed between

the 15D measurements was 4.5 years. The analysis of miss-

ingness revealed that lower baseline 15D score, older age,

being female, longer time spent in dialysis, longer time

Table 1. Demographics and immunosuppressive treatment in 49 patients after KT.

Total HHD PD icHD

Age, mean in years (SD) 52 (11) 54 (10) 49 (13) 59 (8)

Males, % 59 78 40 52

Time on dialysis, mean in months (range) 29 (1–77) 22 (3–66) 25 (5–58) 30 (1–77)

Time from transplantation, mean in years (SD) 3.5 (2) 4.3 (2) 3.5 (1.9) 2.9 (2)

Kidney graft function, %

CKD-stage 1 6 6 0 9

CKD-stage 2 41 33 60 38

CKD-stage 3 45 55 30 43

CKD-stage 4 6 6 0 10

CKD-stage 5 2 0 10 0

Most common etiologies;%

Polycystic kidney disease 29 29 20 33

Diabetic nephropathy 24 17 40 24

Chronic glomerulonephritis 16 28 0 14

Immunosuppression therapy, %

Cyclosporin A 63 72 60 57

Tacrolimus (twice daily) 12 17 10 10

Tacrolimus (once daily) 22 11 30 29

Mycophenolic acid 90 94 100 81

Steroids 24 11 20 33

CKD, chronic kidney disease.
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from transplantation, greater number of pills per day, and

lower RRS predicted the dropping out from the follow-up.

Therefore, we report comparison with general population

using both complete (N = 49) and imputed data sets

(N = 61).

15D scores during dialysis compared with those of general

population

Compared with the GP matched for age and sex, the dialy-

sis patients had a lower mean 15D score. The dialysis

patients were statistically significantly worse off on the

dimensions of “moving’, ‘usual activities’, ‘discomfort and

symptoms’, ‘depression’, ‘vitality’, and ‘sexual activity’.

Generally, male dialysis patients expressed more discomfort

(P = 0.04). Older patients were more depressed (P = 0.02),

and the number of comorbidities correlated with depres-

sion (P = 0.04). Patients with diabetes had a significantly

lower mean ‘see’ score (0.74 in diabetics and 0.93 in nondi-

abetics, P < 0.001). The 15D score was influenced by the

type of dialysis: HHD patients had the highest and icHD

patients the lowest (P < 0.001) mean 15D score compared

with the GP (Fig. 2 panel A). The dimensions of ‘usual

activities’, ‘discomfort and symptoms’, ‘depression’, ‘vital-

ity’, and ‘sexual activity’ expressed more variation between

dialysis modalities and compared with the GP. Although

HHD patients had the highest scores of all the dialysis

modalities, ‘usual activities’ and ‘sexual activity’ were statis-

tically significantly worse compared with the GP.

Changes in HRQoL after kidney transplantation

As lower HRQoL during dialysis appeared to affect the

response rate negatively, we explored the change in the 15D

score after KT in both the respondents (N = 49) and in the

entire population (N = 61) for whom the missing data

were imputed. There was an improvement in the mean

15D score in all three groups of respondents. However, pre-

(a)

(b)

(c)

Figure 2 Health-related quality of life in chronic kidney disease patients compared with the general Finnish population standardized for age and sex.

Panel A: dialysis population. Panel B: after transplantation, considering only respondents. Panel C: after transplantation, considering the entire cohort

after imputing the values of the nonrespondents.
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vious icHD patients scored after KT statistically signifi-

cantly worse than GP on the dimensions of ‘moving’ and

‘usual activities’ and in the 15D score. The patients who

had been on PD or HHD showed an improvement in all

the dimensions and the mean 15D score which were com-

parable to the GP (Fig. 2 panels B and C).

When classifying the change in the 15D score into three

groups (better, unchanged, or worse) using the previously

described cutoff points for a clinically significant change,

57% of all dialysis patients improved their HRQoL after

transplantation, 21.3% remained unchanged, and 21.3%

deteriorated (Fig. 3). Although there were some differences

in the degree of change between the dialysis modalities,

they were not statistically significant. The individual

dimensions that improved the most in PD patients were

‘sleep’, ‘usual activities’, ‘discomfort and symptoms’,

‘depression’, ‘vitality’, and ‘sexual activity’. In HHD

patients, the largest improvement was seen on the dimen-

sions of ‘usual activities’, ‘mental function’, ‘discomfort

and symptoms’, and ‘sexual activity’ and in icHD patients

on the dimensions of ‘seeing’, ‘sleeping’, ‘excretion’, ‘usual

activities’, ‘mental function’, ‘discomfort and symptoms’,

‘depression’, ‘vitality’, and ‘sexual activity’. By contrast,

both HHD and icHD patients were worse off on the dimen-

sion of ‘distress’ after transplantation than before it. Sur-

prisingly, all the three groups of patients scored lower for

the dimension ‘moving’ after transplantation. Changes on

the 15 dimensions are shown in Fig. 4.

The modality of dialysis appeared to have an effect on

the proportion of patients with deteriorated HRQoL after

transplantation, as 14.3% of previous PD patients, 23.1%

of icHD patients, and 23.8% of HHD patients had a clini-

cally significantly worse 15D score. The deterioration in the

15D score was not linked to age, dialysis modality, time on

dialysis, time from transplantation, etiology of ESRD,

eGFR, or RRS.

Adherence to medication after transplantation

and its impact on the 15D scores

There was a wide range of medications prescribed (from 4

to 22) and number of pills as well (from 6 to 40), but none

of them correlated with the RRS (P = 0.10 and P = 0.68,

respectively). There were no statistically significant differ-

ences in the RRS between previous HHD, PD, and icHD

patients, although previous icHD patients scored the high-

est, as displayed in Table 2.

Despite the patients perception about taking immuno-

suppressive medications measured with VAS was over 95%,

25% of previous PD patients and 20% of previous icHD

patients missed one dose of immunosuppressives. Timing

was the most challenging task. Forgetfulness to take the

medications on time was not linked to age, time from

transplantation, RRS, number of medications or pills, but

we observed a higher creatinine concentration in the forget-

ful patients (never forgot 1.41 mg/dl vs. forgot 2.08 mg/dl

P = 0.05). MRCI and number of medications did not influ-

ence the mean 15D scores. The number of pills was statisti-

cally significant different in HHD patients with

deteriorated HRQoL compared with those who remained

unchanged or improved after transplantation (18.9 pills vs.

14.9 pills P = 0.04) but was not difference in the other dial-

ysis modalities.

Educational level and employment and their relationship

with HRQoL

Home hemodialysis patients were more highly educated, as

93.8% of them had completed high school, tertiary, or uni-

versity studies. The corresponding figure was 62.5% for

Figure 3 Change in 15D score according the previous dialysis modality

in respondents. The minimal clinically important difference in the 15D

has been estimated at 0.018 for improvement and �0.045 for deterio-

ration. The differences between groups were not statistically significant.

Figure 4 Changes on 15 dimensions and in mean 15D scores from

dialysis to transplantation.
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icHD patients and 77.7% for PD patients. HHD patients

were also more commonly employed than PD and icHD

patients (62% vs. 50% vs. 19%, respectively) and more

likely to preserve their working status after transplantation

(57.1% vs. 42.9% vs. 23.1% respectively, P = 0.03). Patients

with a low education level scored worse than patients with

higher education only for the dimension of ‘mental func-

tion’ (P = 0.03). Patients in employment after transplanta-

tion scored significantly higher on 14 of 15 dimensions,

with the only exception of ‘depression’ than those not

employed. Also the mean 15D score was higher in these

patients.

Discussion

In our study, we observed that the benefit of kidney trans-

plantation in terms of HRQoL was different for each dialy-

sis modality and somehow lower than expected. Our

cohort of HHD patients had the best mean HRQoL score

compared with other dialysis modalities, but lower than

that of GP. However, the only group which differed statisti-

cally significantly from the GP was icHD. These differences

can be explained by the policy in our institution: ‘home

first’. Those not suitable for self-treatment remain to be

treated by icHD with the assistance of trained nurses. In

our population, this inevitable bias is the result of patient’s

choice and disease burden. There is a logical selection of

less sick patients to be on self-dialysis modalities, fact that

explains the differences observed in HRQoL at baseline.

Only few studies have compared the HRQoL of dialysis

patients with the GP. Mazairac et al. [9] reported on Dutch

icHD patients compared with the GP and concluded that

dialysis patients scored lower in all Short Form-36 (SF-36)

domains except for role physical and social functioning.

Stavrianou et al. [21] investigated Greek icHD patients and

compared them with the GP and found that all SF-36

domains except pain were statistically lower in icHD

patients. The 15D is a different instrument for measuring

HRQoL, but in a similar way, we found that icHD patients

scored lower on six of the 15 dimensions, namely ‘moving’,

‘usual activities’, ‘discomfort and symptoms’, ‘depression’,

‘vitality’, and ‘sexual activity’. Varela et al. [22] reported on

PD patients’ HRQoL compared with the Spanish GP and

found lower score in SF-36, particularly in physical dimen-

sions, depression and anxiety. In our cohort, we only

detected a significant difference on the dimensions of ‘usual

activities’, ‘vitality’, and ‘sexual activity’, suggesting that

our PD cohort was to some degree healthier. Wu et al. [2]

compared icHD and PD patients with the SF-36 instrument

and found that both groups had similar generic HRQoL.

There is evidence that more frequent hemodialysis has a

positive effect on HRQoL, as demonstrated by the Freedom

study [3]. In this respect, our results are comparable to

those reported in the literature.

The benefit of KT in terms of HRQoL in our study

appears clear and in accordance with what has been

reported in the literature, however lower than expected

[1,21,22]. A clinically significant improvement in the 15D

Table 2. Adherence to medication assessed by VAS and BAASIS in 49 respondents.

Type of dialysis HHD PD icHD F Sig

RRS, mean and SD 3.9 (0.76) 4.1 (1.12) 4.4 (0.89) 2.51 0.09

eGFR, mean and SD 57 (25) 58 (20) 59 (26) 0.02 0.97

Number of medicines, mean (SD) 11.4 (3.4) 9.2 (2.7) 11.2 (3.1) 1.88 0.16

Number of pills, mean (SD) 17.3 (5.7) 13.4 (4.7) 15.5 (6.5) 2.36 0.11

MRCI, mean (SD) 16.7 (5.6) 13.6 (4.4) 15.5 (4.9) 1.69 0.19

VAS for IS 96.4 96.7 99.8 6.48 0.004†

VAS for other medications 95.6 90.6 98.6 4.82 0.01*

BAASIS (N = 49) Prepare myself (%) 100 100 90.5 0.27

Take myself (%) 100 100 100 1

Forgot medication (%) Once 0 25% 20% 0.13

Repeatedly 0 0 0 1

Take medication (%) On time 75 37.5 100 0.03*

Once later 12.5 37.5 0

2–3 times later 12.5 12.5 0

Almost every day later 0 12.5 0

Modified doses (%) 0 0 0 1

Stopped IS medication (%) 0 0 0 1

VAS, visual analog scale; IS, immunosuppression; eGFR, estimated glomerular filtration rate; MRCI, Medication Regimen Complexity Index; RRS, Reci-

pient Risk Score.

Continuous data were analyzed with ANOVA and Tamhane’s post hoc test. BAASIS questionnaire answers were tested with chi square.

*Statistical significant difference between HHD and icHD.

†Statistical significant difference between HHD versus icHD and PD versus icHD.
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score was observed in only 57.4% of the entire cohort. Spe-

cifically, the dimensions of ‘distress’ and ‘moving’ deterio-

rated after transplantation. This suggests that although KT

is in most cases the best treatment for ESRD, progression

of comorbidities together with potential new medical and

psychological issues (such as immunosuppression side

effects or the fear of losing the graft) may impair HRQoL.

Previous PD patients appeared to benefit the most and

previous HHD patients the least from KT, in terms of

HRQoL. However, in both groups, HRQoL was compara-

ble to that of the GP. The differences in the benefit between

home modalities could be explained by a better HRQoL

during dialysis of HHD patients compared with PD

patients. It can be argued the HHD patients had a baseline

15D score high enough that there was not much room for

improvement, and this could have affected the 15D score

after transplantation. Although the 15D score was

improved in this subset of patients (as shown in Fig. 3), it

is worth to note that 23.8% of them experienced a deterio-

ration in HRQoL after transplantation, specifically in terms

of the dimensions ‘move’, ‘distress’, and ‘vitality’. Despite

the increase in the 15D score in 53.8% of icHD patients,

the dimensions of ‘moving’, ‘speech’, ‘usual activities’, ‘sex-

ual activity’ as well as the 15D score remained statistically

significantly lower than those of the GP, indicating the

higher comorbidity of this population. Jofre et al. [6]

applied a similar study design involving almost exclusively

icHD patients (96%). He observed a significant improve-

ment in the HRQoL, but the proportion of patients who

actually benefited from KT was not reported. Liem at al

concluded, after a meta-analysis involving HD, PD and KT

patients, that transplant patients had an improved HRQoL,

but not as remarkable as expected after adjustment for age

and presence of diabetes [5]. In our study, we could not

observe a link between age, dialysis modality, time on dialy-

sis, time from transplantation, etiology of ESRD, eGFR or

RRS, and a deterioration in the 15D score. The disagree-

ment in the conclusions could be due to the small number

of patients included in our study.

Employment was more common in HHD patients, in

accordance with a previous study on Finnish patients on

renal replacement therapy [23]. We observed a statistically

significantly higher mean HRQoL score in patients who

were employed after transplantation, except for ‘depres-

sion’. Similar findings were observed in Finnish liver trans-

plant patients [24]. Chisholm-Burns et al. [25] established

a positive association between employment and HRQoL

and a higher level of education. We observed a similar asso-

ciation between employment and education, but the mean

15D score did not differ between patients with low or high

education.

Our study showed 23% of the KT patients skipped at

least one dose of immunosuppressants during the past

month and 29% admitted not taking them on time. These

figures are similar to the nonadherence in KT reported in

the literature [26–28]. We observed that PD patients were

the least adherent after KT. This observation was unex-

pected, being that home dialysis patients have been trained

for self-care, therefore provided with knowledge about risks

and benefits of each renal replacement treatment options.

This issue has been highlighted in a recent publication

where the authors proposed a questionnaire evaluating the

degree of information transmitted to the patients systemat-

ically [29]. Our findings could be the result of given proper

information to the patients about dialysis treatment but

not strong enough about kidney transplantation and the

risks of nonadherence. We observed that patients who for-

got to take the medication on time had a worse kidney graft

function, suggesting that this minimal deviation from the

prescription may have an impact on the prognosis of KT,

mainly caused by the development of donor-specific anti-

bodies leading to chronic rejection [30,31].

It is well known that medication and pill burden in

ESRD is one of the highest reported [32]. The pill burden

in our cohort of KT patients was similar to that reported in

the literature [33]. The medication complexity regimen has

been associated with nonadherence [34], but we were

unable to confirm this. However, we observed that patients

prescribed with higher number of pills had a lower HRQoL

even when the comorbidity score was similar across

groups.

The interpretation of the results in our study is limited

by the relatively small number of patients from a single

study center and by the lack of randomization for dialysis

modality. However, the policy in our institution is to indi-

vidualize the treatment modality that best fits to the

patient, promoting home dialysis as the first choice. The

limited number of participants did not allow more sophis-

ticated statistical analysis. Another limitation is that adher-

ence was measured only once after transplantation. Also

dropout from the study was not completely random. And

lastly, as we used a generic instrument for measuring the

changes in HRQoL, subtle changes between dialysis modal-

ities might have remained undetected. However, this

allowed a comparison with the GP and put into perspective

the benefits from KT. We believe that one of the strength of

our study is the longitudinal follow-up on a well-defined

ESRD population in an institution that offered all dialysis

treatment modalities, including the follow-up after trans-

plantation.

In conclusion, this study showed that the improvement

in HRQoL obtained after KT is linked to the previous dialy-

sis modality, with PD patients benefiting the most. In-cen-

ter dialyzed patients had the poorest HRQoL, but it was

substantially improved with KT. We also showed that

HHD patients had the highest HRQoL during dialysis and
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less than half of them improve their HRQoL after KT. A

higher HRQoL was more common in patients who were

employed and needed lower number of pills after trans-

plantation. Because of this, in future, we should strive to

reduce the number of pills and facilitate retention in work-

ing life. Future studies in a large patient populations will

allow to put our observations into perspective and focus

also on the economic impact of each renal replacement

treatment.
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