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The general essence of a man is his mind.
The general essence of a mind is prying.

The general essence of prying is a question.
A question brings research.

Good research discovers adequate answers.
A man would be able to incorporate an answer into his life.

This could improve his well-being and quality of life 
and bring new questions 

with new improved answers.
This is called an evolution.
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Introduction

1.1 General introduction

This study focuses on self-rated health (SRH), morbidity and mortality in kidney transplant 
(KT) recipients and will try to add to and improve existing knowledge based on these 
domains after KT. It is important to further understand the role of SRH in improving 
patients’ well-being, decreasing morbidity and increasing survival of KT recipients. 

This first chapter mainly introduces the existing knowledge about KT, describes 
differences between the incidence and prevalence of chronic kidney disease (CKD) across 
Europe as well as in the Slovak Republic and shows the possibilities for SRH as a potential 
indicator of health status in transplant recipients. In line with this, the section on the 
research questions regarding SRH presents the reasons, such as medical factors, why SRH 
might be a valid indicator of worsening health in general and moreover, why SRH might 
be an independent predictor of mortality and graft loss in the transplant population. The 
section also presents the structure of this thesis.

1.2 Chronic kidney disease 

Kidney transplantation

Due to its superior results in mortality, morbidity and cost utilization in comparison with 
dialysis, KT is the treatment method of a choice among the renal replacement therapies 
(RRT), such as dialysis modalities (hemodialysis - HD and peritoneal dialysis - PD) 
and transplantation for chronic kidney disease (CKD) in its last stage (kidney failure).1-3 
Consequently, patients are independent from any elimination method after a successful 
surgical procedure, though lifelong use of immunosuppressive medication is necessary to 
prevent immunological rejection of the transplanted graft.4,5 

On the other hand, a transplanted kidney can fail to function after some time 
depending on known and/or unknown factors, which for a patient means a return to the 
dialysis category. Medical factors influencing the failure of a transplanted graft and/or 
factors connected to this failure are well known.4-6 Graft failure after a successful surgical 
procedure might be defined as a decrease in the estimated glomerular filtration rate due to 
acute (early and late) rejection episodes, chronic renal allograft dysfunction, pyelonephritis, 
as well as vascular and other diseases originating from the kidney.4,5 Furthermore, systemic 
comorbidities, such as cardiovascular disease, including stroke; metabolic illness, including 
diabetes mellitus; hypertension, liver disease and others, also help indirectly to stimulate 
kidney failure.4,5 Additional complications and adverse effects of treatment, such as a 
calcineurin inhibitor toxicity, can be mentioned as well.4,5 

When graft failure progresses, post-transplant anemia, which is a known marker of 
kidney failure, is increased,5-7 and the risk of patient mortality and morbidity becomes 
higher, too; the risk of graft loss might also increase. At the same time, a patient’s quality of 
life and well-being, including SRH, decrease.

Epidemiology of chronic kidney disease 

According to the European Renal Association–European Dialysis and Transplant Association 
(ERA–EDTA) Registry, the incidence and prevalence of CKD and its treatment modalities 
for the last stage (kidney failure) are known across Europe.8-10 The process of collecting, 
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processing and publishing the latest annual data via national and regional renal registries 
takes approximately more than two years, because such data must be derived from 52 data 
sets from national or regional renal registries in 29 countries (Figure 1.1). Therefore, in this 
thesis we show the European results of RRT statistics for 2010.8,9 The 2011 Annual Report 
of the Slovak Republic on CKD is also available.11

Figure 1.1 National and regional renal registries that contributed data to the ERA-EDTA Annual Report 
for 20108

 
 

Data on the monitoring of pre-dialyzed patients in regard to the different stages of CKD 
(between CKD stages 1 and 4, including CKD stage 5 as a pre-dialyzed period) is still lacking 
according to the ERA–EDTA Registry; data from Slovak Registries is, however, known: as of 31 
December 2010 this was 2,672.4 per hundred thousand inhabitants,11,12 and by 31 December 
2011 the overall number had  increased to 2,903.8.11,12 These data show that, while the incidence 
of dialysis between these two years is approximately the same, the number of patients with dialysis 
in the pre-dialyzed CKD stages has increased at the nephrology clinics in Slovakia.

In 2010, the overall incidence rate of RRT (including dialysis and transplant modalities) 
among all registries reporting to the ERA–EDTA Registry was 123 per million population (pmp) 
(n = 91,798), and the overall prevalence of RRT was 741 pmp (n = 551,005).9 In contrast, the 
Slovak Republic Registries have no data based on the overall incidence rate of RRT and no data 
based on the overall prevalence rate of RRT, because these official data include dialysis patients 
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only. Therefore, we analyzed dialysis (HD and PD) treatment modality data and data from 
performed transplantations from the ERA-EDTA Annual Report and compared them with data 
from the Slovak Registries. 

In 2010 the incidence rate of dialysis at 91 days among all registries reporting to the ERA–
EDTA Registry was 82.8 pmp (n = 61,816),8,9 while in the Slovak Annual Registries at 90 days it 
was 52.8 pmp (n=287) in 201013,14 and 52.7 pmp (n=285) in 2011.11,12 The prevalence of dialysis 
among all registries reporting to the ERA–EDTA Registry was 476.0 pmp (n=355,954),8,9 while 
in Slovakia this was 736 pmp (n=4001) in 201013,14 and increased to 749.8 pmp (n=4052) in 
2011.11,12

The overall number of KT performed in 2010 among all registries reporting to the ERA–
EDTA Registry was 29.2 pmp (n = 21,740),8 and in Slovakia this was 28.7 pmp (n=156).13,14 
Unfortunately, this number decreased in Slovakia to 21.6 pmp (n=117) in 2011.11,12 The number 
of recipients on the waiting list also decreased from 90.7 pmp (n=493) in 201013,14 to 88 pmp 
(n=478) in 2011, because of the use of more strict criteria for putting patients on the waiting 
list.11,12

Upon comparison of the most recent data among European8 (Annual Report 2010) and 
Slovak12,13 (Annual Report 2010) Registries, a nearly similar result was found regarding the 
overall prevalence of RRT among all registries reporting to the ERA–EDTA Registry and the 
dialysis prevalence evidenced by the Slovak Annual Report. Previously, the comparison was based 
only on the dialysis modality between the ERA-EDTA Annual Report and the Slovak Registry, 
with the latter showing a higher prevalence in Slovakia. On the other hand, a lower incidence 
was found in Slovakia. This correlates with the possible higher number of pre-emptive KT across 
Europe and the lower number in Slovakia, together with the number of patients on the waiting 
list and the overall number of KT performed in Slovakia as well. As explained earlier the Slovak 
Annual reports do not show evidence by the overall incidence and prevalence and total RRT.11-14 
Table 1.1 provides more detailed information on the comparison of European and Slovakia data 
on dialysis modality and KT in 2010.

Table 1.1 Annual data comparison (recalculated per million population) between the European and Slovakia 
Registry in 2010

Dialysis Therapy Kidney Transplantation

incidence* prevalence performed waiting list

Europe 82.8 476 29.2 n.a.

Slovakia 52.8 736 28.7 90.7
*incidence at 91 days among all registries reporting to the ERA–EDTA Registry and at 90 days in the Slovak Republic
n.a. – not available

Thus far, the results from the Slovak Registry have shown that the prevalence of pre-
dialyzed and dialyzed patients increased in 2011 compared with 2010. On the other hand, 
the prevalence of patients on the waiting list decreased during the same period. This might 
be explained, for example, by the higher incidence of comorbidities in this sample together 
with a lower chance for a successful kidney surgical procedure due to longer time on waiting 
list, because 59% of such patients are, unfortunately, dialyzed longer than 2-3 years. This 
might be one reason why the number of transplanted recipients in 2010 was higher than in 
2011, and the number of the patients on the waiting list was lower in 2011 than in 2010 
upon further exclusion of these recipients from the waiting list.
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1.3 Self-rated health

SRH is an umbrella term which encompasses the correlations between the understanding 
of physical, psychological and social domains.15 This individual well-being has been defined 
in different ways over the years,16,17 but not surprisingly, one important and unchanged 
element based on improving SRH together with decreasing morbidity and mortality18,19 has 
remained part of it. Skills and knowledge based on the physical, psychological and social 
fields might improve life satisfaction in general.16,19 These abilities should also reduce acute 
and/or chronic diseases, their perceptions, incidence and prevalence.20 The question “In 
general, would you say your health is: a) excellent, b) very good, c) good, d) fair, e) poor.” 
best represents the concept of SRH.21

Several meta-analyses and systematic reviews in the general population have shown SRH 
to be an important outcome criterion alongside traditional biomarkers22 and a predictor of 
future health status.23,24 Persons with poor SRH have a higher mortality risk compared with 
those having excellent SRH even after controlling for a range of demographic and clinical 
variables.23,25,26 

These findings have also been studied in CKD patients, including dialyzed patients25 and 
transplanted recipients.26,27 Surprisingly, the mentioned outcomes in a dialyzed population 
were only shown by Thong et al.25 in 2008 when this study was already ongoing. Only one 
study regarding pre-transplant physical functioning as an indicator of a patient’s risk for 
post-transplantation death had been described, by Kutner et al.27 in 2006. No previous 
findings had been shown before the mentioned studies. This was the main reason why our 
research was oriented on SRH and tried to fill the gap between the general predictors of 
increased risk of mortality in the transplant population, because in the general population 
SRH had already been shown to be an independent predictor of mortality. Thus, SRH 
might be used for patients’ risk stratification in adverse outcomes, because those reporting 
poor well-being have a significantly higher chance of mortality or being more in need of 
health care provisions compared with their peers.28

1.4 Primary aim of the study and research questions

The primary aim of this thesis is to explore the potential of self-rated health (SRH) as a 
general predictor of patients’ and graft survival in kidney transplant recipients, because we 
were not aware of any other study showing that SRH was a general predictor of mortality 
and graft loss in the transplant population and moreover that SRH at baseline affected 
long-term outcomes in this population. As a first step, this study will focus on changes over 
time in medical and psychological factors after transplantation, and the impact of these 
changes on SRH at follow-up. The next part of the primary aim of this study will explore 
medical determinants and SRH as predictors of mortality. We will study: 1) the associations 
between sociodemographic, psychological and medical factors and SRH; 2) medical factors, 
namely anemia as predictors of mortality independent of kidney function; and 3) SRH as 
a predictor of graft loss and mortality in patients after KT. The basic model for SRH, graft 
loss and mortality prediction examined within this thesis is presented in Figure 1.2. The five 
research questions listed below are formulated based on the previous model. 
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Figure 1.2 Figure describing relationship between SRH, graft loss and mortality prediction according to the 
research questions (R1-R5)

 

Research question 1 will explore the relationship between graft function and self-rated 
health in patients after kidney transplantation. We will study the association of the absolute 
level of glomerular function and SRH at follow-up and also the impact of the change in 
glomerular function over time on SRH at follow-up (Chapter 3).

Research question 2 will explore changes over time in the medical and non-medical 
factors associated with SRH and compare their associations with SRH by time since 
transplantation (Chapter 4).

Anemia is recognized as an important comorbidity accompanying CKD. Therefore, 
research question 3 will explore whether a change in anemia after kidney transplantation 
over time independently predicts self-rated health at up to 8-years follow-up according to 
CKD stages stratification (Chapter 5).

Research question 4 will explore whether anemia shortly after kidney transplantation 
predicts mortality at up to 10 years follow-up in kidney transplant recipients due to 
stratification of CKD stages (Chapter 6).

Research question 5 will explore whether SRH in an early period after KT predicts 
mortality and graft loss at up to 10 years follow-up (Chapter 7). 

1.5 The structure of the thesis

This thesis is divided into 4 parts and consists of 8 chapters: Part I – General introduction 
(Chapters 1 and 2), Part II – Self-rated health as a health outcome (Chapters 3-5), Part III 
– Patient and graft mortality as a health outcome (Chapters 6-7) and Part IV – Discussion 
of the study findings (Chapter 8). 

Chapter 1 “Introduction” provides information about self-rated health and chronic 
kidney disease with the main focus on kidney transplantation. Furthermore, a model and 
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5 research questions regarding self-rated health and mortality prediction are formulated. 
Chapter 2 “Data source, measures and statistical analyses” provides information about 

the sample, data source, measures and statistical analyses used in chapters 3-7.
Chapter 3 “Self-rated health after kidney transplantation and the change in graft function” 

focuses on the use of change over time regarding glomerular filtration rate instead of the 
baseline absolute level of kidney function as a significant predictor of SRH one year after 
kidney transplantation, because we expect a more precise prediction of the change over time 
on SRH at follow-up during the observation period.

Chapter 4 “Factors associated with self-rated health after kidney transplantation – a 
prospective study” explores changes over time in medical and non-medical factors associated 
with SRH and compares their associations with SRH according to time since transplantation: 
an early (baseline at the third month and follow-up at twelfth month after transplantation) 
versus a late (baseline at one and follow-up at two years after transplantation) cohort. 
Furthermore, this chapter also evaluates and discusses the differences between outcomes in 
a varying period since transplantation and their significant relationship to SRH.

Chapter 5 “Anemia has an independent negative impact on self-rated health in kidney 
transplant recipients with well-functioning grafts: findings from an 8-year follow-up study” 
explores whether a change in hemoglobin value over time, like the known impact on anemia 
of renal origin, is a predictor of self-rated health at up to 8 years follow-up in patients with 
chronic kidney disease controlled for CKD stages. 

Chapter 6 “Anemia is an independent predictor of mortality in kidney transplant 
recipients: results from a 10-year follow-up study” is also based on a stratification of the sample 
according to CKD stages. This study explores whether post-transplant anemia is a predictor 
of mortality independently of kidney function. 

Chapter 7 “Self-rated health predicts mortality and graft loss after kidney transplantation: 
a 10-year follow-up study” explores whether self-rated health in an early period after 
transplantation is a general predictor of mortality and graft loss at up to 10 years follow-up 
in kidney transplanted recipients.

Chapter 8 “Discussion” presents the condensed outcomes of this study, discusses them 
in the framework of existing knowledge, argues their strengths and weakness, goes into their 
implications for practice and offers new possibilities for further research.
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Data source, measures and statistical analyses

2.1 Sample and procedure

This study is a continuation of an earlier research project performed between 2001 and 
2006 by Rosenberger.1 Both studies were carried out in the framework of cooperation 
between Louis Pasteur University Hospital Kosice, Safarik University Kosice, Fresenius 
Medical Care – Dialysis Services Slovakia in Slovakia and the University Medical Centre 
Groningen, University of Groningen in the Netherlands. The previous study focused on an 
observational cross-sectional design regarding perceived health status and its determinants 
after kidney transplantation (KT).1 In line with the previous study, the main aims of the 
currents study focused on self-rated health and on mortality as health outcomes in kidney 
transplant recipients in a prospective cohort study. For general information about the study 
design (included recruitment, baseline and follow-up examinations), see Figure 2.1. 

Figure 2.1 Flow-chart diagram of general information in the study design

Between 2001 and 2011 a total of 362 consecutive patients underwent KT at the 
Transplant Centre of Kosice in the eastern region of Slovakia. All were considered for 
participation in the study. The only inclusion criterion was graft survival at the 3rd month 
after KT, because the first 3 months after KT are usually considered to be the most 
problematic period connected to dramatic changes, increased morbidity, even mortality 
and some clinical aspects, such as anemia, delayed graft function, and so on during a period 
shorter than 3 months after transplantation depending on the pre- and peri-transplantation 
period.2 In the case of any severe medical problem (infection, rejection, surgery, etc.) data 
collection was postponed until one month after overall clinical stabilization. Thus, the 
recruitment at baseline examination started at the 3rd month after successful KT, with the 
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aim of avoiding the collection of unreliable data. Furthermore, an improvement in SRH 
most often occurs at 6 months after KT and might remain unchanged for up to 2 years 
after KT.3 We therefore conducted the baseline examination at the 3rd month (Chapter 3 
and partially in Chapter 4) or the baseline occurred between the 3rd and 12th month after 
a successful KT (partially in Chapter 4 and Chapters 5-7). During the whole period of 
the data collection, 9 (2.5%) patients dropped out prior to reaching the 3rd month after 
KT: 3 (0.8%) died and 6 (1.7%) lost their transplanted kidney. The remaining patients 
(N=353, response rate 97.5%) were then enrolled in the study. The exclusion criterion was 
a lower ability or inability to answer questions during the interview due to stroke, severe 
dementia or mental retardation listed in the medical record. Therefore, a total of 3 (0.9%) 
other patients were additionally excluded. As a result, the total number of the participants 
decreased from 353 to 350 (a decrease in response rate from 97.5 to 96.7%). 

The minimum follow-up duration was up to 1 year after successful KT; on the other 
hand, the maximum observed period was up to 10 years follow-up. Patients who were 
excluded, refused to participate, provided incomplete data and/or were missed at the 
baseline and/or follow-up examination, are respectively displayed in the Methods section 
of Chapters 3 through 7. They are shown in the flow-chart diagrams of participants in 
these chapters as well. Data collection was an ongoing process, and as most studies required 
follow-up data on every patient, we only used the latest and most current data. Thus far, 
no data was re-analyzed two or more times for the same dependent factor, just when 
compared with a differently stratified cohort. For more detailed information about the total 
number of participants in the whole study, see Table 2.1. For further detailed information 
about participants who participated in the separate parts of this study, we added detailed 
information regarding baseline and follow-up examinations as well as regarding response 
rates in the section Methods, Sample and procedure of the Chapters 3 to 7.

Table 2.1 Total number of participants enrolled in the study at baseline and at follow-up

Time since successful kidney transplantation
(in months)

Total number
(in months)

3 4-12 12 24 36 48 60-120 3-12 12-120

Participants
at baseline 208 145 0 0 0 0 0 353 0

at follow-up 0 0 89 73 64 53 71 0 350

Patients filled in the questionnaires (see 2.2.2). All participants were interviewed during 
regular outpatient clinical visits by trained personnel independent from the transplant team. 
Medical data were retrieved from medical records at the same time as sociodemographic 
data and data on questionnaires. Only patients who signed informed consent prior to the 
study were included. The local Ethics Committee in Kosice approved the study.

2.2 Measures

2.2.1 Sociodemographic data 

These included age, gender, education, occupation, family status and living status. Age 
was treated as a continual variable. Education was categorized into elementary (primary 
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school, completed or not), apprenticeship (completed, or not-completed secondary school), 
secondary (completed, or not-completed university) and university (completed). 

2.2.2 Questionnaire data

Self-rated health (SRH) was measured using the first question of the Short Form Health 
Survey (SF-36).4 The SF-36 questionnaire consists of eight subscales: physical functioning, 
physical role limitations, bodily pain, vitality, general health perception, social functioning, 
emotional role limitations, and mental health.4,5 All of these eight subscales are coded and 
transformed into a scale from 0 (poor health) to 100 (excellent health) in which they are 
presented as a standard SF-36 scores between 0 and 100, with higher scores indicating better 
health status.4,5 SRH can also be determined in this way from a single item in the SF-36.6 

The SRH answer options 1 (poor), 2 (fair), 3 (good), 4 (very good) and 5 (excellent) were 
transformed into a standard scale from 0 (poor health) to 100 (excellent health) in which 
higher scores indicate better subjective well-being in health status as well.4 The validity and 
reliability of the first item of the SF-36 has been confirmed in the Slovak Republic7,8 as well 
as in patients with renal disease, including those after KT.5,9,10 In Chapter 7, this scale was 
categorized into tertiles: scores 0 to 30 (fair and poor) were categorized as ‘poor health’, 
31 to 60 (good) as ‘average health’, and 61 to 100 (excellent and very good) as ‘excellent 
health’.11

Side-effects of immunosuppressive treatment were assessed using the End-Stage Renal 
Disease Symptom Checklist – Transplantation Module (ESRD SCL–TM), which consists 
of six subscales: limited physical capacity (10 items), limited cognitive capacity (8 items), 
cardiac and renal dysfunction (7 items), side effects of corticosteroids (5 items), increased 
growth of gum and hair (5 items) and transplantation-associated psychological distress (8 
items).12 This questionnaire can be used to measure the side-effects of immunosuppressive 
treatment as well as its disease-specific distress.12 For each item the patient can rate the 
severity of the symptom on a subscale from 0 (not at all) to 5 (extremely). The scores 
for the subscales are transformed into a scale score by dividing the severity index score by 
the number of items in the subscales.12 Higher scores indicate a higher level of side-effects 
from immunosuppressive treatment. In our research (Chapter 4) Cronbach’s α was 0.89 
for limited physical capacity, 0.87 for limited cognitive capacity, 0.85 for cardiac and renal 
dysfunction, 0.81 for side effects of corticosteroids, 0.85 for increased growth of gum and 
hair and 0.84 for transplantation-associated psychological distress.

2.2.3 Clinical data

Medical determinants were retrieved from medical files. These included primary kidney 
diagnosis, previous duration of dialysis (in years), source of transplanted kidney, function 
immediately after KT, weight, serum creatinine (laboratory methods by Scheffe), serum 
hemoglobin (Hb) (in grams per deciliters), therapy for anemia, uroinfection (these included 
pyelonephritis of the graft), acute rejection episodes (these included early and late), type 
of rejection treatment, chronic renal allograft dysfunction, current immunosuppressive 
treatment at the time of interview, comorbidity and diagnosis of graft loss and mortality.

The estimated glomerular filtration rate (eGFR) (in milliliters per minute) was 
calculated using the Cockroft-Gault formula13 (Chapters 3 and 4) and the CKD-EPI formula 
(Chapters 5-7).14 Chronic kidney disease (CKD) stages from 1 to 5 were determined as 
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recommended by guidelines:15,16 Kidney damage with normal or higher eGFR is CKD stage 
1 (eGFR≥90ml/min); kidney damage with mild reduction of eGFR is CKD stage 2 (60ml/
min≤eGFR<90ml/min); kidney damage with moderate reduction of eGFR is CKD stages 
3a (45ml/min≤eGFR<60ml/min) and 3b (30ml/min≤eGFR<45ml/min); kidney damage 
with severe reduction of eGFR is CKD stage 4 (15ml/min≤eGFR<30ml/min); and kidney 
failure (eGFR<15ml/min or dialysis) is CKD stage 5.15,16

Based on the hemoglobin value, post-transplant anemia was divided into 3 categories: 
severe PTA (Hb<10 g/l), mild PTA (10≤Hb<12 g/l) and no PTA (Hb≥12 g/dl).17,18 Acute 
rejection episodes (early and late) as well as chronic renal allograft dysfunction were 
diagnosed from a biopsy according to the Banff 2009 update of diagnostic categories for 
renal allograft biopsies.19 An early acute rejection episode was defined as an acute rejection 
episode occurring within 3 months; a late acute rejection episode was defined as an last acute 
rejection episode occurring after 3 months independently of a previous early acute rejection 
episode.20,21 Patients received their immunosuppressive medication independently from this 
study solely based on the decision of their transplant nephrologists; the current practice in 
the transplant centre is in line with standard recommendations issued by KDIGO Clinical 
Practice Guideline for the care of kidney transplant recipients.16    

Mortality data were obtained from our database of medical reports and completed with 
data from the “Health care surveillance authority of Slovak Republic” up to 10 years after 
KT (Chapters 6 and 7).

2.3 Statistical analyses

First, frequencies, means, minimum, maximum and standard deviations were calculated for 
the sample description. Second, the Mann-Whitney U-test and χ2 test were used to check 
the differences between participants and non-participants as well as between the dependent 
variables (SRH at follow-up in Chapters 3-5, graft loss in Chapter 7, and mortality in 
Chapters 6 and 7) and the other variables at baseline. Third, stepwise linear regression was 
performed in order to identify predictors of SRH at follow-up (Chapter 3) and SRH at 
follow-up stratified due to period since transplantation (Chapter 4). Fourth, we performed 
Generalized Linear Models – Generalized Estimating Equations (GEE) to enable us to 
perform semi-parametric regressions. Furthermore, GEE are standardly used to estimate 
the parameters of a generalized linear model with a potential unknown correlation between 
studying outcomes22,23 in SRH at follow-up (Chapter 5). Fifth, Harrell’s C-statistic and 
Somers’ D were calculated in models for mortality and graft loss (Chapter 7). Finally, Cox 
regression was performed in order to identify the predictors of mortality (censored for graft 
loss; Chapters 6 and 7) and graft loss (Chapter 7). The Statistical Package for the Social 
Science (IBM SPSS Inc. Chicago, IL, USA) version 16.0 (Chapters 3 and 4), version 18.0.3 
(Chapter 7) and version 20 (Chapters 5 and 6) was used for these statistical analyses as well 
as STATA/SE 11.1 (Chapter 7).
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Abstract 

Objective

The aim of this study is to explore the relationship between self-rated health (SRH) in 
patients after kidney transplantation (KT) and patient graft function as well as graft 
function over time.

Methods

The sample consisted of 42 patients who were examined in the third month (T1) and the 
twelfth month after KT (T2). Sociodemographic data and data on glomerular function (GF) 
(Cockroft-Gault) were collected. Patients completed the SF-36 questionnaire measuring 
SRH. Linear regression was used to identify predictors of SRH at T2. Age, gender, change 
in GF, SRH at T1 were set as the independent variables.

Results

SRH and GF slightly improved over time. The first model consisting of age, gender, SRH 
at T1 and GF at T2 explained 49.9% of the variance in SRH at T2; GF at T2 did not 
significantly contribute to the model. The second model consisting of age (β=-0.26, 95%CI 
-1.087;-0.035, p≤0.05), change in GF between T2 and T1 (β=0.31, 95%CI 9.267;63.643, 
p≤0.01), SRH at T1 (β=0.5, 95%CI 0.247;0,68, p≤0.001) explained 54.6% of the variance 
in SRH at T2.

Conclusion

Although SRH after transplantation is not associated with absolute levels of GF, there is a 
significant association with the change in GF over time. 

Key words

glomerular function, kidney transplantation, self-rated health, quality of life
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Introduction

In evaluating outcomes in patients with end-stage kidney disease, the assessment of perceived 
health status (PHS) becomes as important as morbidity and mortality.1 Among the different 
types of treatment for chronic kidney disease – hemodialysis (HD), peritoneal dialysis (PD) 
and kidney transplantation (KT) – kidney transplantation (KT) is the best choice in terms 
of longer survival, lower morbidity and lower cost.2,3 Furthermore, patients with end-stage 
kidney disease after KT indicate better self-ratings of their health when compared to HD 
and PD.1,4 

Health-Related Quality of Life, Perceived Health Status and Self-Rated Health (SRH) 
are all umbrella terms which encompass the correlations between an understanding of the 
physical, psychological and also social domains, and which also protect these correlations. 
These terms have been defined in different ways over the years.1 Substantial evidence has 
been presented in support of the hypothesis that SRH has a relationship to mortality that 
is independent of the subject's level of objective health status.5 That is, independent of the 
patient’s objective health status, asking a relatively simple question on how somebody rates 
his or her health in general helps identify persons at risk, irrespective of their clinical status.5 
Benjamins et al., in a longitudinal sample of 689,710 respondents, found that SRH has a 
significantly predictive power for mortality risk.6 Burstrom et al. analyzed data on mortality 
rates and risk ratios of death during a 22-year follow-up study among 170,223 respondents, 
and their results show a strong association between “poor, or fair” self-rated health and an 
increased risk of mortality.7 SRH is a personal understanding of someone’s own position in 
life and is a subjective, valid and reliable factor associated with mortality and morbidity;1,5-11 
worse self-rated health is connected with higher morbidity and mortality.

SRH has been included in many population-level studies as a conversational way to 
open the topic of health status when it is to be covered in the interview in more detail.8 The 
determinants of SRH are sociodemographic characteristics (age, education, employment 
and socioeconomic status), social support (family and living status), health promoting 
behavior (physical activity) and chronic health problems, including comorbidity. Poor self-
rated health is more pronounced among people of higher age, women, the less educated and 
among the unemployed with low socioeconomic status; furthermore, poor self-rated health 
is associated with a lack of social support, higher functional disability, lower physical activity 
and the existence of multiple chronic conditions.11 

Glomerular function is a physical factor reflecting survival and vitality of the kidney, 
but surprisingly there is only limited evidence of its association with SRH.4,12-15 Fujisawa 
et al. administered the SF-36 to 117 renal transplant patients who had undergone KT 
and examined which items affected their Perceived Health Status (PHS) after KT. They 
showed that the most important factor affecting health-related quality of life was the current 
serum creatinine level.12 Also, in 2006 Rosenberger et al. explored predictors of PHS in 
138 respondents after KT. They found that better kidney function is associated with better 
perceived health status, but only in the younger population.4 In addition, Saracino et al. in 
2008 confirmed that loss of renal function is associated with the deterioration of health-
related quality of life in kidney transplant patients.16

Therefore, the aim of this study is to explore the relationship between self-rated health 
(SRH) in patients after kidney transplantation (KT) and their graft function. We studied 
not only the association of the absolute level of glomerular function with SRH, but also the 
impact of a change in glomerular function over time on SRH.
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Subjects and materials

Sample and procedures

A group of 88 incident kidney transplant recipients from the eastern region of the Slovak 
Republic were invited to participate three months (T1) after transplant surgery. Data 
collection took place from February 2006 to January 2009 in Kosice. All patients with a 
functional graft who agreed to participate were included. The only exclusion criterion was 
the inability to answer questions during the interview due to severe dementia or mental 
retardation; thus, at the start (T1) three patients were excluded, and at follow-up twelve 
months after transplantation (T2) two more patients were excluded due to their having 
had a stroke. Patients completed a questionnaire measuring self-reported health and socio-
demographic variables at T1 and T2. All participants were interviewed by trained personnel. 
Medical data were retrieved from medical records.

The local Ethics Committee approved the study. Only patients who signed informed 
consent prior to the study were included.

Measures

Self-rated health was measured using the first question of the Short Form Health Survey 
(SF-36), which was originally designed for use in population surveys as a generic indicator 
of health status.6,8,17 The SF-36 is explained as a valid questionnaire, having eight subscales: 
physical functioning, social functioning, physical role limitations, emotional role limitations, 
mental health, vitality, pain and general health perception.12,18-22 All of the items as well 
as all of the eight subscales are coded and transformed into a scale of 0 (poor health) to 
100 (excellent health) in which they are presented as the standard SF-36, scores between 
0 and 100, with higher scores indicating better health status.18 In addition, the single item 
question of the SF-36 on self-rated health can also be computed in this way. The validity and 
reliability of the SF-36 have been confirmed in patients with renal disease, including those 
after kidney transplantation.12,19-22 Skalská et al. validated the questionnaire in the Czech 
population.21 The reason for only reporting the first item instead of a broader description of 
perceived health status in patients after kidney transplantation is that self-rated health has 
been generally used in health studies as a reliable indicator of mortality and morbidity.6,8,17

Demographic data included age, gender, education, occupation, family status and 
living status. Information about serum creatinine, weight, comorbidity, immunosuppression 
treatment and primary diagnosis of kidney failure were retrieved from medical records. 
Glomerular function was calculated using the Cockroft-Gault formula.23

Statistics

Frequencies, means, medians, minimum, maximum and standard deviations were calculated 
for the sample description. Next, the Wilcoxon signed-rank test and the sign test were used 
to detect changes in GF and SRH. Finally, stepwise linear regression was performed in order 
to identify predictors of self-rated health at T2; independent variables were age, gender, 
education, occupation, family status, living status, primary diagnosis of kidney failure, 
comorbidity, self-reported health at T1, glomerular function at T2 and change in glomerular 
function over time. Sociodemographic and medical factors were set as independent variables, 
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including glomerular function (GF) at T2 in the first model. The second model analyzed the 
change in glomerular function between T2 and T1 (∆GF) instead of the absolute level of 
glomerular function. SPSS 16.0 was used for statistical analyses. 

Results

From the initial 88 patients, 3 were excluded, 14 refused to participate, 13 provided 
incomplete questionnaires and 6 refused to participate after initially consenting. Thus, 
52 patients were analyzed at T1 (a response rate of 61.2%). At follow-up, 2 more were 
excluded and 8 refused further participation, meaning 42 patients remained (a response 
rate of 84.0%). Statistically, nonrespondents did not significantly differ from participants in 
either age or in gender. See Figure 3.1 for more detailed information. 

Figure 3.1. Flow chart diagram of the participants of the study

  

The mean age of participants at T1 was 46.9 ± 13.2 and age at T2 was 49.6 ± 12.2 
years. The mean SRH at T1 (45.7 ± 28.8) did not differ significantly from SRH at T2 (51.7 
± 26.5). The mean GF significantly improved from 1.0 ± 0.27 ml/s at T1 to 1.11 ± 0.29 
ml/s at T2 (p ≤ 0.001). See Table 3.1 for more detailed information. 

The associations between family status, living status, education, occupation, as well 
as the primary diagnosis of kidney failure and self-rated health at T2 in both of models 
were not significant.  The first regression model, consisting of age, gender, SRH at T1 and 
the current GF at T2, explained 49.9% of the variance in SRH at T2. Age and SRH at 
T1 contributed significantly to this model, but the current GF at T2 did not. The second 
regression model, consisting of age, gender, SRH at T1 and ∆GF (GF at T2 minus GF at 
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T1), explained 54.6% of the variance in SRH at T2. The ∆GF contributed significantly 
to this model (β=0.308, p≤0.01), while age contributed less but remained significant, and 
SRH at T1 contributed similarly as in Model 1. See Table 3.2 for more detailed information.

Table 3.1. Characteristics of the sample at baseline (3 months) and at follow-up (12 months)

3 months
(N=52)

12 months 
(N=42)

N or mean % or SD N or mean % or SD

Age                             Mean ± SD 46.9 13.2 49.6 12.2

Gender
Male 32 61.5 27 64.3

Female 20 38.5 15 35.7

Education

Elementary 26 50.0 23 54.8

Secondary 25 48.1 18 42.8

University 1 1.9 1 2.4

Occupation

Employed 11 21.6 10 24.5

Disability 30 58.8 24 58.5

Unemployed/retired 10 19.6 7 17.0

Family status

Single 8 15.4 6 14.3

Married 42 80.8 34 81.0

Widowed 2 3.8 2 4.8

Living
Alone 2 3.8 2 4.8

Together 50 96.1 42 95.2

Self-rated health

Poor (0) 5 9.6 3 7.1

Fair (25) 17 32.7 12 28.6

Good (65) 22 42.4 17 40.5

Very good (85) 6 11.5 10 23.8

Excellent (100) 2 3.8 0 0

Mean ± SD 46.4 26.7 51.7 26.5

Glomerular function Mean ± SD 1.0 0.27 1.11 0.29

Comorbidity

Coronary artery disease 24 46.2 19 45.2

Hypertension 44 84.6 38 90.3

Renal osteodystrophy 27 52 23 54.8

Diabetes mellitus 12 23.1 10 23.8

Other comorbidity: one 15 28.8 13 31.0

Other comorbidity: ≥2 9 17.3 7 16.7

Immunosuppression
treatment

CsA+MMF+P 40 76.9 35 83.3

Tac+MMF+P 10 19.2 7 16.7

Tac+MMF 2 3.8 0 0

Primary diagnosis
of kidney failure

Glomerulonephritis 28 55.8 22 52.4

Tubulointerstitial nephritis 12 23.1 12 28.5

Polycystic kidneys adult type 2 3.8 1 2.4

Diabetic nephropathy 9 17.3 7 16.7

N– Number, SD – Standard deviation, CsA – Cyclosporin A, MMF – mycophenolate mofetil, P – Prednison, Tac – Tacrolimus
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Table 3.2. Regression models of predictors of SRH at T2 in Model 1 with GF; and in Model 2 with ΔGF

Model Variables B(Std. Error) β 95%CI

1

constant 41.764(22.32) -3.501;87.028

age -.799(.26) -.365* -1.328;-.270

gender 5.321(6.62) .098 -8.102;18.745

SRH at T1 .443(.11) .481*** .214;.671

GF at T2 20.051(10.10) .213 -2.238;42.341

adjusted R2 49.9%

2

constant     47.416(18.32)* 10.256;84.576

age -.561(.26) -.257* -1.087;-.035

gender 5.616(6.20) .103 -6.968;18.199

SRH at T1 .463(.11) .503*** .247;.680

∆ GF 36.455(13.41) .308** 9.267;63.643

adjusted R2 54.6%

B – nonstandardized coefficient, β – standardized β coefficient, CI - Confidence interval, T1 – 3 months after kidney transplantation, T2 – 
12 months after kidney transplantation, SRH – Self-Rated Health, GF – Glomerular function, ΔGF = (GF at T2)-(GF at T1), p-value of 
significance: * - p < 0.05, ** - p < 0.01, *** - p < 0.001

Discussion

The aim of this study was to explore the relationship between self-rated health (SRH) in 
patients after kidney transplantation (KT) and their graft function. We studied not only the 
association of the absolute level of glomerular function with SRH, but also the impact of 
a change in glomerular function over time on SRH. We found that perceived health status 
at follow-up is influenced not by the success of the transplantation shortly after transplant 
surgery, but rather by the change in glomerular function (∆GF) over time. In our first model 
of SRH at twelve months after KT, the absolute level of glomerular function was set as an 
independent variable. In this model the absolute level of GF did not contribute significantly 
to the explanation of the variance in SRH. However, in the second model the change in 
GF over time contributed significantly to the explanation of the variance in SRH at twelve 
months after KT.  

In accordance with our findings, Bohlke et al.24 found in their 2008 study evaluating 
employment status and its predictors among kidney transplant recipients that the absolute 
level of creatinine did not contribute significantly to post-transplantation employment 
status. Economic productivity after a successful transplantation for patients after KT 
seemed to depend more on social determinants and less on the specific clinical situation 
of the patients.24 Karam et al. in 2003 asserted that respondents more than 10 years after 
kidney transplantation had unpleasant mental and general health perceptions, but their 
quality of life is quite similar to the general population in terms of social and role function.25

On the other hand, in 2005 Overbeck et al. showed that patients after KT had better 
health-rated quality of life compared to other patients with end-stage renal disease (ESRD) 
on dialysis and suggested that after KT, patients with higher levels of serum creatinine on 
the day of questioning had a significantly greater impairment of their cognitive abilities.26 
Rosenberger, however, pointed out that this finding might be due to selection for the 
comparison and by not taking into account that not all patients on dialysis are on a waiting 
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list for transplantation, as there is no significant difference in health-rated quality of life 
(HRQoL) between those patients on the waiting list and those after KT.27 Saracino et al.16 

in 2008 explained renal function by using creatinine clearance, which was estimated using 
the Modification of Diet in Renal Disease (MDRD) formula. Their study demonstrated a 
direct correlation between better creatinine clearance and better HRQoL (physical function, 
role physical, vitality and general health) among patients after KT. In addition, they found 
that a loss of renal function was associated with a deterioration of HRQoL in patients after 
KT.16 Fujisawa et al. found a significant positive correlation between serum creatinine and 
HRQoL. However, their study population was younger than ours.12 Our previous research 
found that kidney function is a predictor of self-perceived health status, but only in a 
younger sub-population.4 In the current study, age was a significant predictor of SRH at 
T2, but its influence decreased in the presence of a change in GF over time. 

Serum creatinine was identified as one of the other clinical measures which was a 
significant predictor of self-rated health in a longitudinal study of a community-based 
sample, consisting of 4,065 respondents.28 We were able to identify three studies on the 
relationship between serum creatinine or kidney function and the self-rated health of 
patients after successful KT, and all of these were cross-sectional in design.12,16 We did not 
find any other longitudinal studies on the relationship between the change in the absolute 
level of creatinine or kidney function over time and SRH, PHS or HRQoL. This study is 
thus the first longitudinal study using the relationship between measurements of patients´ 
graft function and subjective well-being to identify a change in the graft function over time 
in order to provide a significant predictor for SRH.

Strengths and limitations

The strength of this study is its longitudinal design, which enabled us to explore the role of the 
change over time of some variables and to compare them with their absolute levels. The limitations 
of this study are the number of participants and a fair response rate; however, there were no 
differences in age and gender between respondents and nonrespondents. On the other hand, all 
patients originating from one major transplant center in Slovakia over a number of years were 
asked to participate in the study to prevent selection bias. Our future research should focus on 
better educating patients in order to prevent a lower response rate at baseline. In addition, we 
need early recognition of the problematic issues on the questionnaire for the patients during the 
individual investigation. We must be able to better explain to them the meaning of our research to 
improve their motivation to participate.

Recommendations

Results must be verified in a larger sample to allow for generalization. In addition, we only 
studied patients shortly after transplantation; therefore, prolonging the study to a period 
longer than 12 months is necessary. We could then verify if the progress of subjective self-
rated health remains dependent on the change in glomerular function, or if this applies only 
during the period shortly after KT. Furthermore, the relationships between psychological, 
physical and medical determinants associated with self-rated health should be studied.
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Conclusion

Although self-rated health twelve months after transplantation is not associated with 
absolute levels of glomerular function, there is a significant association with the change in 
glomerular function over time. Improvement of the function of the transplanted kidney is 
connected with an improvement in self-rated health. When treating a patient, a positive or 
negative change in glomerular function may have consequences for the patient’s self-rated 
health and well-being. 
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Abstract

Background

This prospective study explores and compares the relationship between patients’ self-rated 
health (SRH) after kidney transplantation (KT) at different follow-up periods and its 
medical and non-medical predictors over time.

Methods

Patients (N=128) who completed a questionnaire (the SRH question of the SF-36 and 
the End-Stage Renal Disease Symptom Checklist–Transplantation Module) were enrolled. 
Clinical data were retrieved from medical files. The sample was stratified into early (N=89) 
and late (N=39) cohorts according to time since KT at baseline. Linear regression was used 
to identify predictors of SRH at follow-up. 

Results

In both cohorts a change in Glomerular filtration rate (GFR) over time remained a predictor 
of SRH; in the early cohort age was an additional predictor; in the late cohort a change in 
transplantation-associated psychological distress over time and the number of late acute 
rejection episodes during the observation period were additional predictors.

Conclusions

Improvement in GFR over time predicted better SRH at each period after KT. Decreased 
transplantation-associated psychological distress and fewer late acute rejection episodes 
seemed to predict better SRH at a later follow-up period. Despite these observations higher 
SRH was associated with better clinical outcomes.

Key words

kidney transplantation, self-rated health, glomerular filtration rate, rejection, side-effects of 
immunosuppressant
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Introduction 

Self-rated health (SRH) is considered a reliable indicator of mortality and morbidity in 
patients with end-stage renal disease (ESRD).1,2 Thong et al. investigated the predictive 
utility of SRH, measured shortly after the start of dialysis, on mortality and found SRH 
to be an independent predictor of mortality in dialysis patients at up to 7 years follow-up.3 

Spiegel et al. indicated in their systematic review of end-stage renal disease the importance 
of self-reported health as it is connected with traditional biomarkers.4 Avitzur et al. explored 
SRH in pediatric patients who are 10-year survivors of transplantation and who had an 
excellent graft function and a high self-reported quality of life.5 Thus, SRH seems to be 
a predictor of future health status and becomes an important outcome criterion in the 
evaluation of medical treatment of ESRD.6 

In previous studies of patients after kidney transplantation (KT) improvements in 
SRH have been found to be associated with younger age, male gender, higher education, 
higher socioeconomic status, higher social support, lower number of comorbidities, and 
not only with the success of the transplantation.7 Studies in ESRD have focused mainly 
on associations between components of better self-perceived health and objective factors of 
higher graft function.8,9 The subjective evaluation of the side-effects of immunosuppressant10 

as well as rejection episodes continues to be a significant problem in long-term attrition of 
graft function11, and also seem to be connected to poorer self-rated health.10

To our knowledge there is only one study analyzing the associations between a change 
in objective factors over time and SRH at follow-up.12 In addition, studies comparing 
predictors in SRH in prospective studies stratified by time after KT are lacking. Thus, the 
aim of this study was a) to explore changes over time in the medical and non-medical factors 
associated with self-rated health, and b) to compare their associations with self-rated health 
according to time since transplantation.

Materials and Methods

Sample and procedures

A total of 187 kidney transplant recipients in their 3rd (N=134) and 12th (N=53) month 
after successful transplant surgery at the Transplant Centre of Kosice from the eastern region 
of Slovakia were invited to participate at baseline examination. The sample was stratified 
according time since KT at baseline and two cohorts of patients were formed – early patients 
(3 months after KT at baseline) and late patients (12 months after KT at baseline). The 
follow-up examination took place at the 12th month after KT for the early cohort and at 
the 24th month after KT for the late cohort. All patients with a functional transplanted 
kidney (N=142) who agreed to participate were included. The baseline examination for 
our sample occurred in the third and twelfth month after a successful KT, because on one 
hand the first 3 months after KT are usually considered as the most problematic period 
connected to dramatic changes, increased morbidity and even mortality13, and on the other 
hand an improvement in self-perceived health most often occurs during the first 2 years 
after KT.14 The exclusion criteria were the presence of mental retardation, organic psycho-
syndrome, severe dementia, or other psychiatric diseases mentioned in the medical record; 
therefore, 3 (1.6%) patients were excluded at the baseline examination, 7 patients (3.7%) 
refused to participate, 33 (17.6%) provided incomplete questionnaires and 2 (1.1%) died 
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after baseline; thus 142 (75.9%) patients were included in the analysis. At follow-up, 14 
(9.9%) provided incomplete questionnaires, resulting in 128 patients with a functional 
transplanted kidney (a response rate of 90.1%) at the follow-up examination. Figure 4.1 
presents more detailed information about the participants. 

Data collection took place from 2003 to 2010 in Kosice. Patients provided information 
about sociodemographic variables and filled in the questionnaires. All participants were 
interviewed during regular outpatient clinical visits by trained personnel independent of the 
transplant team. Medical data were retrieved from medical records.

Only patients who signed informed consent prior to the study were included. The local 
Ethics Committee in Kosice approved the study.

Figure 4.1 Flow chart diagram of the participants

 

N/n–Number, RR-response rate; KT–kidney transplantation

Measures

Sociodemographic data included age and gender. 
Self-rated health (SRH) was measured using the first question of the Short Form Health 

Survey (SF-36).15 The SF-36 questionnaire consists of eight subscales: physical functioning, 
physical role limitations, bodily pain, vitality, general health perception, social functioning, 
emotional role limitations, and mental health.15,16 All of the eight subscales are coded and 
transformed into a scale from 0 (poor health) to 100 (excellent health) in which they are 
presented as standard SF-36 scores between 0 and 100, with higher scores indicating better 
health status.15 Self-rated health can be also determined in this way from a single item in 
the SF-36. The validity and reliability of the SF-36 and its first item have been confirmed in 
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patients with renal disease, including those after KT.8,16-18 

Side-effects of immunosuppressive treatment were assessed by the End-Stage Renal 
Disease Symptom Checklist – Transplantation Module (ESRD SCL-TM), which consists 
of six subscales: limited physical capacity (10 items), limited cognitive capacity (8 items), 
cardiac and renal dysfunction (7 items), side effects of corticosteroids (5 items), increased 
growth of gum and hair (5 items), and transplantation-associated psychological distress (8 
items).19 This questionnaire can be used to measure the side-effects of immunosuppressive 
treatment as well as its disease-specific distress.19 For each item the patient can rate the 
severity of the symptom on a subscale from 0 (not at all) to 5 (extremely). The scores for 
the subscales are transformed into a scale score by dividing the severity index score by the 
number of items in the subscales.19 Higher scores indicate a higher level of side-effects from 
immunosuppressive treatment. In this sample Cronbach’s α was 0.89 for limited physical 
capacity, 0.87 for limited cognitive capacity, 0.85 for cardiac and renal dysfunction, 0.81 
for side effects of corticosteroids, 0.85 for increased growth of gum and hair and 0.84 for 
transplantation-associated psychological distress.  

Clinical data were retrieved from medical files. These included serum creatinine, weight, 
duration of dialysis (in years), current immunosuppressive treatment, function immediately 
after KT, number of early acute rejection episodes, number of late acute rejection episodes 
and chronic renal allograft dysfunction during the observation period. Glomerular filtration 
rate (GFR) was calculated using the Cockroft-Gault formula.20 Rejection episodes (early 
acute, late acute and chronic renal allograft dysfunction) were diagnosed after biopsy 
according to the Banff 2009 update diagnostic categories for renal allograft biopsies.21 An 
early acute rejection episode was defined as an acute rejection episode occurring within 
3 months; a late acute rejection episode was defined as the last acute rejection episode 
occurring after 3 months independently of a previous early acute rejection episode.22,23

Statistics
The Mann-Whitney U-test and Chi-square test were used to check the differences 
between respondents and non-respondents. Frequencies, means and standard deviations 
were calculated for the sample description. Bivariate analyses were used for determining 
the strength and direction of the association between SRH at baseline and follow-up in 
both cohorts stratified by time after transplantation and the others factors. Stepwise linear 
regression was performed in order to identify the predictors of SRH at follow-up in the 
cohorts stratified by time after transplantation (early cohort means 3 months and late cohort 
means 12 months at baseline). The independent variables were age, gender, change in all 
six subscales of the ESRD SCL-TM questionnaire over time (between baseline and follow-
up examination) and SRH at baseline from the SF-36 questionnaire, the change in GFR 
over time (between baseline and follow-up examination), duration of dialysis (in years), the 
number of early acute rejection episodes, the number of late acute rejection episodes and 
chronic renal allograft dysfunction during the observation period. The Statistical Package 
for the Social Science (SPSS Inc. Chicago, IL, USA) version 16.0 was used for statistical 
analyses.



48 Part 2: Chapter 4

Results

No significant differences were found between respondents and non-respondents regarding 
age, gender and medical factors or between patients who provided complete and incomplete 
data; in addition, no significant differences regarding the independent variables were found 
between the cohorts stratified by time after transplantation at baseline and at follow-up.

In both cohorts the side-effects of immunosuppressive treatment and the mean 
limited physical capacity significantly increased over time (between baseline and follow-
up) (p≤0.01); on the other hand, the mean transplantation-associated psychological distress 
significantly decreased over time (p≤0.05). The mean SRH significantly increased over time 
(p≤0.001) as did the mean GFR over time (p≤0.001). Other variables did not significantly 
differ from baseline to follow-up. The pairwise associations for SRH at baseline and follow-
up in the cohorts with each of the factors are indicated in Table 4.1. Table 4.1 displays more 
detailed information.  

Gender, the change in five subscales of the ESRD SCL-TM over time (limited physical 
capacity, limited cognitive capacity, cardiac and renal dysfunction, the side-effects of 
corticosteroids, and increased growth of gum and hair), duration of dialysis, the number 
of early acute rejection episodes during the observation period and chronic renal allograft 
dysfunction during the observation period were not predictors associated with SRH at 
follow-up in the regression models of the stratified cohorts.  

Table 4.1 Sociodemographic, psychological, and medical characteristics of the sample at baseline and at 
follow-up

baseline (N=142) follow-up (N=128)
N or 
mean % or SD N or 

mean
% or 
SD

Time after KT during reviewing 
3months 100 70.5 0 0
12months 42 29.5 89 69.5
24months 0 0 39 29.5

Age                                                                     Mean±SD 48.7* 12.7 49.7* 12.7

Gender
Male 79 55.6 70 54.7
Female 63*# 44.4 58 45.3

End-Stage Renal Disease Symp-
tom Checklist  Transplantation 
Module

Limited physical capacity 1.51* 0.97 1.77*# 0.97
Limited cognitive capacity 1.22* 0.82 1.31* 0.86
Side effects of corticosteroids 1.09 0.92 1.08 0.78
Cardiac and renal dysfunction 1.04* 0.81 1.07* 0.84
Increased gum and hair growth 0.76 0.92 0.78 0.86
Transplantation associated psychological distress 1.28* 0.85 1.17*# 0.81

Self-rated health                                                   Mean±SD 47.82 24.55 57.66 24.43
Glomerular filtration rate (ml/s)                          Mean±SD  0.99  0.28 1.12*# 0.37

Function immediately after KT
immediate function 74 52.1 66 51.6
delayed function 68 47.9 62 48.4

Immunosuppression treatment 
at the time of interview

CsA+MMF+P 84 59.2 80 62.5
Tac+MMF+P 40 28.2 39 30.5
Tac+MMF 3 2.1 1 0.8
CsA+MMF 10 7.0 8 6.2
SIR+MMF+P/ SIR+MMF 5 3.5 0 0

Duration on dialysis (in years) 3.65 2.44 3.51 2.32
Number of early acute rejection episodes during observation period 0.32* 0.55 0.31* 0.53
Number of late acute rejection episodes during observation period 0.15# 0.36 0.15# 0.35
Chronic renal allograft dysfunction during observation period 0.14 0.35 0.13# 0.32

N–Number, SD–Standard deviation; KT–kidney transplantation
Significant differences between baseline and follow-up are flagged: bold font; determining the strength of the association between SRH and 
each variable are flagged: 
*-SRH in the early cohort, #-SRH in the late cohort
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The regression model of the early cohort (N=89) explained 66.2% of SRH variance at 
follow-up. A change in GFR over time contributed significantly to this model, as did age 
and SRH at baseline. 

The regression model of the late cohort (N=39) explained 60.4% of SRH variance 
at follow-up. A change in GFR over time contributed significantly to this model, as did a 
change in transplantation-associated psychological distress over time, the number of late 
acute rejection episodes during the observation period and SRH at baseline. More detailed 
information is presented in Table 4.2. 

Table 4.2: The regression models of significant predictors of SRH at follow-up in the cohorts: early (Model 1) 
and late (Model 2)

Models Standardized Coefficients β   95% Confidence Interval

Model 1 in the early cohort (N=89); Adjusted R2  0.662

(Constant) 19.476;52.544

SRH at baseline 0.644*** 0.484;0.744

change in GFR over time 0.569*** 48.572;77.037

age -0.160** -0.553;-0.050

Model 2 in the late cohort (N=39); Adjusted R2 0.604

(Constant) 11.363;42.099

SRH at baseline 0.600*** 0.326;0.859

change in GFR over time 0.555*** 19.110;57.104

change in transplantation associated psychological distress over time -0.338** -14.810;-2.360

number of late acute rejection episode -0.306* -33.698;-2.975

SRH–Self-Rated Health, GFR–Glomerular filtration rate; *-p<0.05, **-p<0.01, ***-p<0.001

Discussion

In this study we a) explored changes over time in the medical and non-medical factors associated 
with self-rated health, and b) compared their associations with self-rated health at follow-up for 
early and late cohorts stratified by time since transplantation. Over a follow-up observation period 
in the early and late cohorts, self-rated health (SRH) and glomerular filtration rate (GFR) increased, 
and transplantation-associated psychological distress decreased. Previous studies have found an 
association between higher GFR rate and better SRH.8,9 

In the early cohort worse SRH at baseline as well as at follow-up was associated with elderly, 
higher limited physical capacity, higher limited cognitive capacity, higher cardiac and renal 
dysfunction, higher transplantation-associated psychological distress and early acute rejection 
episodes. Additionally, worse SRH at baseline was associated with female gender and at follow-up 
with lower GFR. In the late cohort worse SRH at baseline as well as at follow-up was associated 
with late acute rejection episodes. Moreover, worse SRH at baseline was associated with female 
gender and at follow-up with lower GFR, higher limited physical capacity, higher transplantation-
associated psychological distress and chronic renal allograft dysfunction. Associations between 
elderly, females, individual evaluations in disease-specific distress, rejection episodes and poorer 
well-being were also found.7-9,18 

A change in GFR over time consistently predicted SRH at follow-up in both cohorts. 
Furthermore, better SRH at follow-up was predicted by fewer late acute rejection episodes during 
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the observation period in the late cohort after KT. Age was a predictor of SRH at follow-up in the 
early cohort only.

Our results indicate important differences in predictors of SRH at follow-up in the early 
cohort compared to the late cohort after KT. For the early cohort after KT, a change in GFR over 
time and age are predictors associated with SRH at follow-up. We have previously reported similar 
results in a smaller sample.12 However, in the late cohort after KT, in addition to the change in 
GFR over time, the change in transplantation-associated psychological distress over time and the 
number of late acute rejection episodes during the observation period contributed significantly to 
the explanation of the variance in SRH at follow-up. 

Late acute rejection episodes during the observation period seem to have a significant 
relationship to self-rated health at a late period after KT. So far late acute rejection episodes cause 
lower glomerular filtration rate and poor self-rated health; moreover, a decreased glomerular 
filtration rate predicts poor self-rated health, and not only when it occurs during late acute rejection 
episodes. Related to our results, Djamali et al. showed that decreased graft function after late acute 
rejection is associated with poor patient and allograft survival24, which might be connected to poor 
self-rated health as well. Individual perceptions in disease-specific distress of transplantation also 
give the impression of having a significant relationship to self-rated health at a late period after KT. 
Similar to our findings, Drent et al. divided their group of transplanted patients into a short- and 
long-term cohorts and showed differences between these groups such that the long-term cohort 
reported more individual negative experiences than the short-term cohort.25

Strengths and limitations 

The strength of this study is its longitudinal design, which enabled us to explore changes in factors 
associated with SRH as well as the associations between these changes and SRH at follow-up in 
the early and the late cohorts stratified according to time after KT. Missing data are a limitation 
of this study; however, there were no differences in age and gender between respondents and non-
respondents. On the other hand, all consecutive patients originating from one major transplant center 
in Slovakia over a number of years were asked to participate in the study to prevent selection bias. 

Recommendations and implications

Results must be verified in a larger sample to allow for generalization. In addition, we only 
studied patients at baseline from 3 to 12 months after transplantation; therefore, prolonging 
the study period is necessary. Thus, in a future study pre-transplantation SRH is needed to 
further study its role in influencing post-transplantation SRH at follow-up. We could then 
verify whether SRH after KT remains dependent on the factors found in the cohorts before 
transplantation, or whether in a longer period after KT other variables become important. 
Furthermore, the pathways between psychological, physical and medical determinants 
associated with self-rated health should be studied.

Conclusion
Improvement in graft function over time predicted better SRH at each period of follow-up. 
Decreased transplantation-associated psychological distress did not seem to be important 
in the first year after KT but only beyond one year after KT. Moreover, fewer late acute 
rejection episodes seemed to predict better SRH at a late follow-up period. Despite these 
observations higher SRH was associated with better clinical outcomes.
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Abstract

Background

Anemia is a predictor of mortality and of self-rated health (SRH). However, studies on the 
relationship between SRH and changes in hemoglobin (Hb) value over time stratified by 
chronic kidney disease (CKD) stages are lacking. The aim is to explore whether a change in 
Hb-value over time predicts SRH at up to 8 years follow-up, stratified for CKD stages and 
controlled for demographic and medical variables.

Methods

A prospective study with a baseline measurement between the 3rd and 12th month after KT 
was performed on 337 consecutive patients. Demographic and clinical data were retrieved 
from medical records. CKD stages were estimated using the CKD-EPI formula and divided 
into 2 groups: CKD1-2 and CKD3-5. Generalized Estimating Equations (GEE) were 
performed to identify predictors of SRH at follow-up in both CKD groups. 

Results

Male gender, a decrease in estimated Glomerular Filtration Rate (eGFR) and Hb-value 
over time contributed significantly to the GEE model on SRH at follow-up in CKD1-
2. For SRH at follow-up in CKD3-5, older age, male gender and chronic renal allograft 
dysfunction (CRAD) contributed significantly to the GEE model.

Conclusion

At up to 8 years follow-up, male gender, a decrease in eGFR and Hb-value over time 
predicted poorer SRH in CKD1-2. In such patients, we suggest also monitoring slight 
deteriorations in eGFR and Hb-values. In CKD3-5, higher age, male gender and higher 
presence of CRAD predicted poorer SRH at up to 8 years follow-up. In these patients, 
adequate treatment would slow down CRAD progression. 

Key words

anemia, chronic kidney disease, longitudinal design, self-rated health, transplantation  
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Introduction

Anemia has been generally considered to be a predictor of several health outcomes in the general 
population for decades now,1 and anemia of renal origin might be a predictor of mortality 
as well.2,3 The impact of post-transplant anemia (PTA) on mortality has also been previously 
proposed.3-5 

Self-rated health (SRH) has also been identified as a predictor of mortality.6 A meta-
analysis by DeSalvo et al. (2006) and a systematic review by Spiegel et al. (2008) both 
showed the importance of SRH along with traditional biomarkers7 and described SRH as 
a predictor of future health status and as an important outcome criterion in the evaluation 
of medical treatment.8 Christian et al. (2011) concluded in their study on the relationship 
between SRH and medical indicators that SRH is not secondary to depressive symptoms, 
neuroticism, or changes in perceived health.9 So far, an association between older age and 
a higher likelihood of poor self-reported health has been shown as well.10 Furthermore, 
Benjamin et al. (2004) described the relationship between SRH and worse health outcomes 
as being stronger among males.6 The outcomes, based on the impact of SRH on mortality 
even after controlling for gender, age and medical variables, such as a glomerular function 
in dialyzed11 and in transplanted recipients,12 have also been shown.

An association between the deterioration of kidney function and worse SRH has also 
been presented.13,14 Moreover, previous findings in the transplanted population, based on a 
comparison between the impact of the absolute level of the graft function and the change in its 
function over time, showed that absolute level of graft function at baseline was not significantly 
associated with a patient’s SRH at follow-up; however, its change over time was.14 Similarly, an 
increase in anemia of renal origin was connected to a decrease in SRH and quality of life in the 
chronic kidney disease (CKD) population, including pre-dialyzed, dialyzed and transplanted 
patients.15-17 The first study based on demonstrating the impact of erythropoiesis-stimulating 
agents (ESA) on well-being was performed by Revicki et al. 18 years ago.17 They showed that 
ESA significantly enhanced the SRH of the pre-dialyzed CKD population.17 A connection 
between adequate therapy for PTA, an improvement in quality of life and longer survival has 
been found in many – sometimes randomized – studies.15-19

Nonetheless, the influence of a change in medical findings over time on SRH in transplanted 
recipients has not yet been sufficiently described. The prevalence of PTA varies the most 
during the first post-transplantation year.18,19 Additionally, there is still no well-known impact 
from a change in PTA over time on the long-term well-being at follow-up in the transplanted 
population. Thus far, knowledge about the impact that a change in the hemoglobin value has 
over a time longer than one or two years in relation to graft deterioration and SRH in varying 
CKD stages is still lacking. Hence, the aim of this study was to explore whether a change in the 
hemoglobin value over time predicts SRH at up to 8 years follow-up, stratified for CKD stages 
and controlled for demographic and medical variables.

Methods

Sample and procedure

A total of 337 consecutive patients who underwent KT between January 2002 and April 
2010 at the Transplant Centre of Kosice in the eastern region of Slovakia were considered 
for participation in the study. The inclusion criterion was graft survival at 3 months after 
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KT, because the first 3 months after KT are usually considered as the most problematic 
period connected to dramatic changes, increased morbidity and even mortality.20 Similarly, 
an improvement in SRH most often occurs at 6 months and remains unchanged for up to 
2 years after KT.21 Additionally, the degree of renal anemia during a period shorter than 3 
months after successful transplantation depends on the pre- and peri-transplantation period.2,4 
Based on these findings, the baseline examination of participants occurred between the 3rd 

and 12th month after successful KT. The only exclusion criterion was the inability to answer 
questions during the interview due to severe dementia, or having mental retardation listed 
in the medical record. In line with this, 12 patients dropped out prior to reaching 3 months 
after KT: 3 (1.0%) of them died, 6 (1.9%) lost their transplanted kidney and 3 (1.0%) were 
excluded according to the exclusion criteria. Thus a total of 325 (96.4%) kidney transplant 
recipients after successful kidney transplant surgery were asked to participate at the baseline 
examination, and 26 (8.0%) of whom refused to participate. Thus, 299 (92.0%) patients were 
included in the analysis at baseline examination. The time to follow-up examination was up 
to 8 years (mean 2.8±1.7), in line with the study of Drent et al.22 An additional 17 (5.7%) 
patients died and 19 (6.4%) lost their transplanted kidney before follow-up. At follow-up, a 
further 4 (1.3%) participants were excluded due to exclusion criterion because of severe stroke, 
16 (5.4%) refused to participate and 26 (8.6%) provided incomplete data, resulting in 217 
patients with a functional transplanted kidney (a response rate of 72.6%) who were enrolled in 
the study at the follow-up examination. Figure 5.1 presents more detailed information about 
the participants (Figure 5.1). 

All participants were interviewed during regular outpatient clinical visits by trained 
personnel independent of the transplant team. Patients filled in a questionnaire, and 
demographic and medical data were retrieved from medical records at the time the SRH 
answer was provided through the questionnaire. All patients included in the study signed 
an informed consent prior to the study. The local Ethics Committee in Kosice approved the 
study.

Measures

Demographic data included age and gender. Age was treated as the continuous variable. 
Female gender was set as the reference category.

Self-rated health (SRH) was measured using the first question of the Short Form Health 
Survey (SF-36).23 It was transformed from scores between 1 (poor) and 5 (excellent) into a 
standard scale from 0 (poor health) to 100 (excellent health) in which a higher score indicates 
better health status.23,24 The validity and reliability of the first item of the SF-36 has been 
confirmed in the Slovak Republic25,26 as well as in patients with renal disease, including those 
after KT.27,28

Clinical data were retrieved from medical files. These included the primary diagnosis 
of kidney failure, duration on dialysis before KT (in years), source of transplanted kidney, 
its function immediately after KT, serum creatinine (laboratory methods by Scheffe), serum 
hemoglobin (Hb) (in gram per deciliters), therapy for anemia, acute rejection episodes, type 
of rejection treatment, chronic renal allograft dysfunction (CRAD), uroinfection (included 
pyelonephritis of the graft), immunosuppression treatment at the time of the interview 
and comorbidities (cardiovascular disease: coronary artery disease, severe cardiac failure, 
myocardial infarction; hypertension; and categories of diabetes mellitus: no diabetes mellitus, 
already existing diabetes mellitus and new-onset diabetes mellitus after KT).
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Figure 5.1 Flow-chart diagram of the participants

CKD–Chronic kidney disease, KT–kidney transplantation, N/n–Number, RR–response rate 

The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI formula 
(in milliliters per minutes).29 Chronic kidney disease (CKD) stages from 1 to 5 were determined 
as recommended by guidelines.2,4 After this, patients at baseline were stratified into two groups: 
the first group consisted of stages 1-2 CKD patients and the second group of stages 3-5 CKD 
patients according to the known impact of decreased kidney function on the Hb-value of renal 
origin.2 Acute rejection episodes and chronic renal allograft dysfunction were diagnosed from 
biopsies according to the Banff 2009 update of diagnostic categories for renal allograft biopsies.30 

Patients received their immunosuppressive medication independently from this study based solely 
on the decision of their transplant nephrologists; the current practice in the transplant centre is in 
line with standard recommendations issued by the “Kidney Disease Improving Global Outcomes” 
(KDIGO) Clinical Practice Guideline for the care of kidney transplant recipients.4

Statistical analyses

First, frequencies, means and standard deviations were calculated for the sample description. 
The Mann-Whitney U-test and χ2 test were used to check the differences between participants 
and non-participants as well as between the dependent variable (SRH at follow-up) and the 
other variables at baseline: age, gender, eGFR, Hb-value, uroinfection (including pyelonephritis 
of the graft), acute rejection episodes, CRAD and comorbidities. Next, SRH was analysed at 
follow-up by CKD group with each of the study variables. Finally, we performed Generalized 
Linear Models – Generalized Estimating Equations (GEE). GEE belong to the semi-parametric 
regressions and are standardly used to estimate the parameters of a generalized linear model 
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with a potential unknown correlation between the study outcomes.31 Hubbard et al. showed 
that GEE models provide a useful approximation of the truth.32 Based on these findings, the 
GEE were performed in order to identify the predictors of SRH at up to 8 years follow-up. 
The independent variables in both stratified GEE models were all variables with p ≤ 0.05 in 
the bivariate analyses, and in line with our previous findings14, we used as the independent 
variables the change in eGFR over time and the change in Hb-value over time as well instead 
of the eGFR and the Hb-value at baseline. The Statistical Package for the Social Science (IBM 
SPSS Inc. Chicago, IL, USA) version 20 was used for statistical analyses.

Results

No significant differences were found between participants and non-participants or between those 
who provided complete and incomplete data regarding age and gender at baseline and at follow-up. 

The observation period for follow-up was from 1 to 8 years (mean 2.8±1.7); the observation 
period for CKD stages 1-2 was from 1 to 6 years (mean 3.00±1.4) and for CKD stages 3-5 was from 
1 to 8 years (mean 3.24±1.7). PTA was found in 126 (42.1%) patients at baseline: 29 (25.4%) in 
CKD stages 1-2 and 97 (52.4%) in CKD stages 3-5. At follow-up, the prevalence of PTA was 75 
(34.6%) patients: 16 (20.0%) in CKD stages 1-2 and in 59 (43.1%) in CKD stages 3-5. The mean 
hemoglobin value increased non-significantly over time from 12.3 at baseline to 12.7 at follow-up 
in the whole sample; after stratification of the sample into 2 groups, the mean Hb-value was 12.4 at 
baseline and 12.3 at follow-up in CKD stages 1-2; on the other hand, in CKD stages 3-5 it increased 
from 11.3 at baseline to 12.5 at follow-up. In line with these results, the prevalence of the therapy 
for anemia was significantly different (p≤0.05) from baseline to follow-up in CKD stages 3-5 only. 

The mean SRH significantly differed over time (p≤0.001), as did the prevalence of 
CRAD (p≤0.01) and uroinfection (p≤0.05) in the whole sample. After stratification into 
the two CKD groups, the mean SRH significantly decreased (p≤0.05) in CKD stages 1-2 
and the prevalence of CRAD and uroinfection significantly increased in CKD stages 3-5. 
Other variables did not significantly differ from baseline to follow-up. Table 5.1 displays 
more detailed information about the characteristics of the whole sample (Table 5.1). The 
associations of SRH at follow-up by CKD groups with each of the study variables are 
shown in Table 5.2. These variables were used as independent factors in the GEE models for 
SRH at follow-up, stratified according to the two groups of CKD. Table 5.2 displays more 
detailed information about the characteristics of the significant medical variables and SRH 
at baseline and follow-up, stratified for CKD stages 1-2 and CKD stages 3-5 (Table 5.2).

Model 1: SRH at follow-up in CKD stages 1-2 
Male gender (B=-26.1, 95%CI -32.5;-19.7), a decrease in eGFR over time (B=0.8, 95%CI 
0.4;1.1) and a decrease in Hb-value over time (B=2.3, 95%CI 1.6;3.0) contributed 
significantly to the GEE model on poor SRH at follow-up in CKD stages 1-2 (Table 5.3). 
Model 2: SRH at follow-up in CKD stages 3-5 
Higher age (B=-0.6, 95%CI -1.0;-1.1), male gender (B=-17.5, 95%CI -33.3;-1.7) and 
CRAD (B=-21.5, 95%CI -42.1;-0.9) contributed significantly to the GEE model on poor 
SRH at follow-up in CKD stages 3-5 (Table 5.3). 
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Table 5.1 Characteristics of the sample at baseline and at follow-up

baseline (N=299) follow-up (N=217)
N(%) or mean±SD N(%) or mean±SD

Time after KT during reviewing (in years) 0.5±0.2 2.8±1.7
Age 48.3±12.2*# 50.6±12.1*#

Gender
Male 166(55.5%)*# 122(56.2%)*#
Female 133(44.5%) 95(43.8%)

Primary diagnosis of kidney 
failure

Glomerulonephritis 108(36.1%) 74(34.1%)
Tubulointerstitial nephritis 72(24.1%) 44(20.3%)
Vascular disease 31(10.3%) 22(10.1%)
Polycystic kidneys adult type 18(6.0%) 13(6.0%)
Diabetic nephropathy 22(7.4%) 20(9.2%)
Other or unknown 48(16.1%) 44(20.3%)

Duration on dialysis before KT (in years) 3.9±2.9 3.8±2.9

Source of transplanted kidney
Deceased donor 285(95.3%) 201(92.6%)
Living donor 14(4.7%) 16(7.4%)

Function immediately 
after KT

Immediate 151(50.5%) 92(42.4%)
Delayed 148(49.5%) 125(57.6%)

Self-rated health 45.6±26.1* 52.1±24.7
Estimated Glomerular filtration rate (ml/min) 50.1±17.9 49.8±20.4*

CKD stages

1 43(14.4%) 31(14.3%)
2 71(23.8%) 49(22.6%)
3a+3b 158(52.8%) 117(53.9%)
4 23(7.7%) 17(7.8%)
5 4(1.3%) 3(1.4%)

Hemoglobin (Hb) value (g/dl) 12.3±2.6* 12.7±1.9*

Post-transplant anemia
No anemia (Hb≥12.0g/l) 173(57.9%) 142(65.4%)
Mild (10.0≤Hb<12.0g/l) 98(32.8%) 56(25.8%)
Severe (Hb<10.0g/l) 28(9.3%) 19(8.8%)

Therapy for anemia

ESA 11(8.7%) 10(13.3%)
Iron 45(35.7%) 44(58.7%)
Folic acid 31(24.6%) 28(37.3%)
Cobalamin 6(4.8%) 4(5.3%)
Pyridoxine 7(5.6%) 8(10.7%)
Ascorbic acid 13(10.3%) 11(14.7%)

Uroinfection (including pyelonephritis of graft) (during the last year) 80(26.8%)* 63(29.0%)*
Acute rejection episodes 73(24.4%) 51(23.5%)

Type of rejection treatment

Steroids 53(72.6%) 35(68.6%)
Antithymocyte globulin 4(5.5%) 5(9.8%)
Plasmapheresis 7(9.6%) 6(11.8%)
Plasmapheresis+i.v.immunoglobuline 9(12.3%) 5(9.8%)

Chronic renal allograft dysfunction 31(10.4%)# 43(19.8%)#

Immunosuppression treatment 
at the time of interview

CsA+MMF+P 211(70.6%) 149(68.7%)
Tac+MMF+P 62(20.7%) 53(24.4%)
Tac+MMF 8(2.7%) 6(2.8%)
CsA+MMF 10(3.3%) 7(3.2%)
SIR+MMF+P/ SIR+MMF 8(2.7%) 2(0.9%)

Comorbidity

Coronary artery disease 25(8.4%) 18(8.3%)
Severe cardiac failure 19(6.4%) 16(7.4%)
Myocardial infarction 7(2.3%) 8(3.7%)
Hypertension 207(69.2%) 149(68.7%)
Diabetes mellitus identified before KT 47(15.7%) 23(10.6%)
New onset diabetes mellitus after transplantation 26(8.7%)* 19(8.8)
CKD-MBD 41(13.7%) 31(14.3%)
Other comorbidities:≥2 17(5.7%) 13(6.0%)

N/n–Number, SD–Standard deviation; AZA–azathioprine, CKD–Chronic kidney disease, CsA–cyclosporine A, ESA–erythropoiesis-
stimulating agents, EVER–everolimus, MBD–Mineral bone disorder, MMF–mycophenolate mofetil/mycophenolate sodium, KT–kidney 
transplantation, P–prednisone, SIR–sirolimus, Tac–tacrolimus. 
Significant differences (p≤0.05) between baseline and follow-up are flagged: bold font. Determining the strength of the association (p≤0.05) 
between SRH and each variable are flagged: *-SRH in CKD stages 1-2, #-SRH in CKD stages 3-5. 
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Table 5.2 Characteristics of the variables stratified according to CKD stages estimated at baseline examination

CKD stages 1-2 (N(%) or mean±SD) CKD stages 3-5 (N(%) or mean±SD)

baseline (n=114) follow-up (n=80) baseline (n=185) follow-up (n=137)

Self-rated health 58.2±21.8  53.1±25.7$ 43.8±25.4 46.4±24.9

eGFR  (ml/min) 67.2±17.3    49.8±18.5$ 42.1±11.5 49.9±20.7

Change in eGFR over time (ml/min) -13.5±17.4 7.4±18.5

Hb-value (g/dl) 12.4±3.5 12.3±2.1 11.3±2.5 12.5±1.8

Change in Hb-value over time (g/dl) 1.9±1.7 0.5±2.6

Post-transplant 
anemia

No anemia (Hb≥12.0g/l) 85(74.6%) 64(80.0%) 88(47.6%) 78(56.9%)

Mild (10.0≤Hb<12.0g/l) 17(14.9%) 11(13.7%) 81(43.8%) 45(32.9%)

Severe (Hb<10.0g/l) 12(10.5%) 5(6.3%) 16(8.6%) 14(10.2%)

Therapy for anemia

ESA 2(6.9%) 1(6.3%) 9(9.3%) 9(15.3%)$

Iron 16(55.2%) 10(62.5%) 29(29.9%) 34(57.6%)$

Folic acid 17(58.6%) 9(56.3%) 14(14.4%) 19(32.2%)$

Cobalamin 3(10.3%) 2(12.5%) 3(3.1%) 2(3.4%)

Pyridoxine 4(13.8%) 3(18.7%) 3(3.1%) 5(8.5%)$

Ascorbic acid 4(13.8%) 2(12.5%) 9(9.3%) 9(15.2%)

Uroinfection (including pyelonephritis of graft) 
(during the last year)

22(19.3%) 9(11.3%) 58(31.4%) 54(39.4%)$

Chronic renal allograft dysfunction 4(6.4%) 7(8.8%) 27(14.6%) 36(26.3%)$

CKD–Chronic kidney disease, eGFR–estimated Glomerular Filtration Rate, ESA–erythropoiesis-stimulating agents, Hb–Hemoglobin value, 
N/n–Number, SD–Standard deviation; Significant differences (p≤0.05) between baseline and follow-up are flagged: $

Table 5.3: Final GEE models in the cohort (stratified for two CKD groups: CKD stages 1-2 and CKD stages 
3-5), containing significant predictors of SRH at follow-up 

Models for SRH
at follow-up (N=217)

Model 1 in CKD stages 1-2 (n=80)
QICC 268.07

Model 2 in CKD stages 3-5 (n=137)
QICC 788.66

 B(95%CI) Wald χ2 B(95%CI) Wald χ2

Age 0.1(-0.63;0.83)n.s. 0.73 -0.58(-1.01;-1.14)** 6.78

Gender                            
Female Reference Reference

Male -26.11(-32.51;-19.70)*** 63.83 -17.50(-33.28;-1.72)* 4.72

SRH at baseline                           0.20(-0.08;0.48)n.s. 1.95 0.25(-0.24;0.53)n.s. 3.21

Uroinfection                                
No Reference Reference

Yes -15.06(-31.97;1.86)n.s. 3.04 -3.45(-7.17;0.27)n.s. 3.30

CRAD 
No Reference Reference

Yes -5.82(-8.28;-3.24)n.s. 2.38 -21.48(-42.11;-0.85)* 4.16

Change in eGFR over time 0.77(0.43;1.10)*** 19.56 0.08(-0.19;0.35)n.s. 0.33

Change in Hb-value over time 2.33(1.63;3.03)*** 42.89 1.42(-3.99;6.83 n.s. 0.27

n.s–not significant, *-p<0.05, **-p<0.01, ***-p<0.001; B–Unstandardized Coefficient B, CI–Confidence Interval
CKD–chronic kidney disease, CRAD–chronic renal allograft dysfunction, eGFR–estimated Glomerular Filtration Rate, Hb–hemoglobin, 
QICC–Corrected Quasi Likelihood under Independence Model Criterion, SRH–Self-rated health 
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Discussion

We explored whether a change in hemoglobin value over time predicts SRH in kidney 
transplant recipients at up to 8 years follow-up, stratified for CKD stages and controlled 
for demographic and medical variables. We found that male gender, a decrease in the 
hemoglobin value and in graft function over time predicted poor SRH at up to 8 years 
follow-up in patients after KT in CKD stages 1-2. On the other hand, older age, male 
gender and chronic renal allograft dysfunction predicted poor SRH at up to 8 years follow-
up in CKD stages 3-5.

In patients with CKD stages 1-2 the prevalence of PTA was approximately the same 
at baseline and at follow-up, and the mean hemoglobin value seemed to be unchanged. No 
differences were found in the prevalence of therapy for anemia at baseline and at follow-up 
in patients with a well-functioning graft. In line with this, eGFR and SRH significantly 
decreased at up to 8 years follow-up in patients with CKD stages 1-2. 

In contrast, in patients with CKD stages 3-5 regarding well-known outcomes in 
worsening anemia, the prevalence of therapy for anemia significantly increased. The 
treatment appeared to be sufficient because of a decrease in the prevalence of PTA and an 
increase in the hemoglobin value to normal in these CKD stages. SRH and eGFR in CKD 
stages 3-5 slightly increased but remained significant unchanged over time. This might be a 
reason why no significant association was found between a change in the Hb-value and graft 
function over time and SRH at up to eight years follow-up in CKD stages 3-5. A change in 
the Hb-value over time was associated with SRH at up to 8 years follow-up in CKD stages 
1-2 only and not in those with CKD stages 3-5. These findings might partially explain the 
fact, that chronic anemia may per se be an additive or precipitating factor to transplant 
deterioration together with SRH worsening. We are thus far not aware of any other study 
publishing similar results in regard to the associations between a change in PTA over time 
and SRH at follow-up regarding long-term outcomes based on stratification of CKD stages.  

Similar results were described by Alexander et al. (2007) in their study on the 
associations between anemia, ESA treatment and quality of life in a pre-dialyzed 
population.33 They included patients with an Hb-value lower than 10.0g/dl, adequate iron 
stores and eGFR lower than 40ml/min.33 They found that the prevalence of anemia rose 
from 2% at the earlier CKD stages via 5% in CKD stage 3 up to 50% in CKD stage 4 
and was associated with a decreased quality of life when the treatment was insufficient.33 In 
parallel, Choukroun et al. (2012), through a randomized controlled trial, provided evidence 
that a complete correction of PTA by ESA treatment with an Hb target higher than 13.0 
g/d after 2 post-transplant years slows the decline in kidney function, prolongs graft survival 
and improves quality of life.18 They showed that the mentioned Hb target was well tolerated 
and not associated with an increase in morbidity, such as the number of cardiovascular or 
thrombotic events. Therefore, our findings might also be explained by an increase in the 
prevalence of antianemic therapy in those patients with a decreasing Hb-value, more in the 
advanced stages of CKD compared with the well-functioning stages of CKD. 

More than two-thirds of the participants were treated with a combination of two 
anti-anemia drugs, such as ESA, iron, folic and ascorbic acid as well as cobalamin and 
pyridoxine. Post-transplant anemia therapy in our sample is in line with the standard 
recommendations by KDIGO for clinical practice guidelines for anemia in CKD.2 Such 
treatment could also explain the fact that a change in the Hb-value is not important for 
the SRH of patients with more advanced CKD: anemia is a well-known comorbidity of 
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CKD stages 3-5 and is therefore usually diagnosed and corrected in these patients. However, 
anemia is uncommon in patients with CKD stages 1-2. These suggestions are in line with 
Bloom et. al (2011), who found that anemia after successful KT has been underdiagnosed, 
and consequently potentially undertreated.15 They suggested that worsening in individual 
health perception might be reduced by an increase in the Hb-value regarding sufficient ESA 
doses15, but their Hb target with a significant impact on an improvement in SRH was lower 
than 12.5 g/dl. They suggested that the individual Hb target might be higher and primarily 
based on patients’ perception of SRH.15 To further complicate things, anemia after KT 
might be a side-effect of immunosuppressive treatment.2,4 In our sample, more than 90% 
of the patients at baseline, as well as at follow-up, were treated by a combination containing 
mycophenolate mofetil (or mycophenolate sodium). The use of mycophenolate in particular 
might be connected to anemia.4,34 Moreover, another severe non-renal etiology can reflect 
another severe illness, which could affect SRH as well.6,8 

Other studies have shown the association between poor kidney function and worse 
SRH,13,14 but thus far none has explored the association between kidney function and SRH 
related to CKD staging in kidney transplant recipients regarding the long-term impact. 
Comparing the differences in significant predictors stratified according to both CKD 
groups, the associations of a decrease in graft function over time and worse SRH were 
only found in CKD stages 1-2. Interestingly, patients in more advanced stages of CKD 
did not show such associations. However, we found in advanced CKD stages an impact 
of time since transplantation on the prevalence of chronic renal allograft dysfunction 
and uroinfection (including pyelonephritis of the graft). In line with our results, Rebollo 
et al. (2004) found poor quality of life in transplant recipients with associated chronic 
renal allograft dysfunction.35 Moreover, they showed that quality of life in transplanted 
recipients with chronic renal allograft dysfunction and post-transplant anemia could be 
improved with adequate treatment by ESA.35 These outcomes are similar to the findings 
from a retrospective randomized control trial by Choukroun et al. (2012), in which they 
suggested that complete correction of PTA was associated with a significant reduction in the 
progression of chronic renal allograft dysfunction as well as with improvement in quality 
of life.18 These findings are known, and KDIGO guidelines recommended that patients be 
sufficiently treated to prevent graft loss.4 

This study showed a decrease in glomerular function over time to be a significant 
predictor of worsening SRH at follow-up in a well-functioning graft as well as of a slight 
decrease in Hb-value over time; on the other hand, chronic renal allograft dysfunction, 
instead of the deterioration of kidney function and existing PTA, predicted a worsening of 
SRH at follow-up in the advanced stages of CKD. When there is sufficient treatment of PTA, 
and when hemoglobin is kept in the normal range, no impact of the change in hemoglobin 
value over time on SRH at follow-up is found, as we showed in the advanced stages of CKD. 
Our findings are in line with others showing that chronic allograft nephropathy might 
progress more rapidly in patients with PTA, though whether correction of anemia improves 
renal outcomes is still unknown.18

Strengths and limitations

The main strength of this study is the prospective follow-up for 8 years, which enabled us to 
explore the change in hemoglobin value and in kidney function over time and other factors 
as predictors of SRH in kidney transplant recipients by CKD stage. The stratification of the 
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sample into two groups of CKD according to CKD stages was done to prevent bias due to 
the impact of the graft function on hemoglobin value. Moreover, all consecutive patients 
originating from one major transplant centre in Slovakia over a number of years were asked 
to participate in the study to prevent selection bias.

Patients who dropped out are a limitation of this study; on the other hand, there were 
no differences in age and gender between participants and non-participants or between 
those who provided complete or incomplete data at baseline as well as at the follow-up 
examination. The variable observation period between minimum and maximum (1 and 8 
years) might also be a limitation. The SRH interviews and testing of clinical data were not 
conducted immediately after transplantation to prevent false findings due to perioperative 
stress, complications and subjective anticipation or suspense. Therefore, patients who died 
or lost their transplanted kidney before the first 3 months after KT were not incorporated 
into the study. An additional limitation of this study might be the lack of certain other 
serum biomarkers (concentration of ESA, iron, ferritin, transferrin, vitamins, inflammatory 
markers, etc.) which have an impact and decrease the hemoglobin concentration. It could 
be of interest to control for a potential effect of pre-transplantation SRH, as it may affect 
the well-being of kidney transplant recipients.

 

Recommendations 

Our findings show that a decrease in the Hb-value as well as of the transplanted kidney 
function in kidney transplant recipients with CKD stages 1-2 are important for their SRH. 
We therefore suggest diagnosing and treating post-transplant anemia to increase patients’ 
well-being, quality of life and probability of survival. The results of this study should be 
verified in a larger multicenter sample to allow for generalization. We could then confirm 
whether treatment of anemia and subsequent improvement in Hb-value predicts SRH, or 
whether over a longer period after KT other variables become important. Furthermore, the 
pathways between other medical determinants associated with poor SRH, decreased quality 
of life and survival should be considered as well.

Conclusion

Male gender, a slight decrease in Hb-value and a negative change in graft function over time 
predicted poorer SRH at up to 8 years follow-up in patients after KT with CKD stages 1-2, 
but not in patients with CKD stages 3-5; in the latter group higher age, male gender and 
chronic renal allograft dysfunction predicted poorer SRH.
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Abstract

Background

Findings on the association between post-transplant anemia (PTA) and mortality in patients 
after kidney transplantation (KT) are scarce. This study explored whether PTA shortly after 
KT predicts mortality at up to 10 years follow-up.

Methods

PTA was divided into 3 categories according to the hemoglobin (Hb) value: severe (Hb<10g/
dl), mild (10.0g/dl≤Hb<11.9g/dl), or no PTA (Hb≥12g/dl). Chronic kidney disease (CKD) 
stages were estimated using the CKD-EPI formula and divided into 2 groups: CKD stages 
1-2, CKD stages 3-5. Cox regression, stratified according to CKD, was performed to 
identify whether different categories of PTA predicted mortality in KT recipients.

Results

Age, being female, and both mild and severe PTA contributed significantly to the Cox 
regression model on mortality in CKD1-2. In the Cox regression model for mortality in 
CKD3-5, age and severe PTA contributed significantly to this model. 

Conclusion

PTA shortly after KT increased the risk of mortality at up to 10 years follow-up. Even mild 
PTA is associated with a 6-fold higher risk of mortality, and severe PTA with a 10-fold 
higher risk of mortality in CKD1-2. Clinical evaluation and treatment of anemia might 
reduce the higher risk of mortality in patients with PTA in early stages of CKD after KT.

Key words

anemia, kidney transplantation, mortality  



 



73

Self-rated health and mortality after kidney transplantation

Anemia is an independent predictor of mortality in kidney transplant recipients

Introduction

The definition and grades of anemia were established decades ago by the World Health 
Organization (WHO) as being among the important factors influencing health outcomes: 
decreased hemoglobin concentration predicts morbidity and mortality in the general population;1 
this definition was consequently adopted by nephrologists. According to “The National Kidney 
Foundation Disease Outcomes Quality Initiative” (NKF/KDOQI), “Kidney Disease Improving 
Global Outcomes” (KDIGO) and “European Best Practice Guidelines” (EBPG), anemia is defined 
as a target hemoglobin (Hb) <13.5 g/dl in adult males/post-menopausal females, <12.0 g/dl in pre-
menopausal females, and <5th percentile for children;2-4 alternatively, the target Hb should generally 
be < 11.0 g/dl.5,6

However, in most individuals there is a considerable amount of variation in the Hb-value 
over time, and the consequences of this variability in Hb-levels have been thoroughly studied 
in dialysis patients, though not in transplant recipients.7 Renal anemia after transplantation, or 
post-transplant anemia (PTA), has a multifactorial etiology including the progress of transplant 
kidney failure, comorbidity, infections, inflammation, angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker (ACEi/ARB) and immunosuppressive treatment.2-6,8-10 Thus far, some 
evidence has been found suggesting that kidney transplant recipients may have an Hb-level lower 
than can be expected based on the level of their kidney function.2 

Guidelines from NKF/KDOQI, KDIGO and EBPG recommend treating anemia of 
renal origin in order to reduce both morbidity and mortality.2-5 KDIGO guidelines for kidney 
transplant recipients state that treatment should be directed at the underlying cause. In contrast, 
regular testing for anemia is not recommended by the above-mentioned guidelines, and treatment 
of post-transplant anemia should be managed according to the guidelines for chronic kidney disease 
(CKD) in the pre-dialysis period, with no specific recommendation for treatment of this specific 
population.2 

Additionally, the impact of the variability of hemoglobin over time in transplant recipients 
as compared with dialyzed patients has been considered in only a few studies. Some relationships 
between rejection episodes, immunosuppressant use and increased anemia prevalence,9,10 as well as 
between anemia of renal origin and mortality,11-13 have been shown. 

Renal anemia after transplantation and its association with transplant outcomes have not 
been sufficiently explored; moreover, longitudinal studies on the association between anemia and 
mortality are rather rare, and PTA is still an underestimated problem.7,13-15 Therefore, the aim of 
this study was to explore whether anemia shortly after kidney transplantation predicts mortality at 
up to 10 years follow-up. 

Materials and Methods

Sample and procedure

A total of 362 consecutive patients who underwent KT between January 2001 and January 2011 
at the Transplant Centre of Kosice in the eastern region of Slovakia were enrolled in the study. The 
presented findings are a part of a bigger study focused on quality of life measured using several 
questionnaires; the collection of medical data for this study took place during the collection of the 
questionnaires. The baseline examination of the participants took place between the 3rd and 12th 

month after successful KT during regular outpatient clinical visits in our centre. The first 3 months 
after KT are usually considered to be the most problematic period, connected to dramatic changes 
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and increased morbidity and mortality.16 Additionally, the degree of renal anemia during a period 
shorter than 3 months after successful transplantation depends on the pre- and peri-transplantation 
period.2 In the case of any severe medical problem (infection, rejection, surgery, etc.) data collection 
was postponed by one month after overall clinical stabilization.

Nine patients dropped out prior to reaching 3 months after transplantation: 3 (0.8%) died 
and 6 (1.7%) lost their transplanted kidney. In total 353 kidney-transplant recipients after successful 
transplant surgery were invited to participate. Out of these, 35 (9.9%) refused to participate, resulting 
in a total of 318 patients (an effective response rate of 90.1%) at the start of the study. Figure 6.1 
presents more detailed information about the sample. Only patients who signed an informed consent 
form prior to the study were included. The local Ethics Committee in Kosice approved the study.

Figure 6.1 Flow-chart diagram of the participants

N/n–Number, RR–response rate; KT–kidney transplantation, PTA–post-transplant anemia

Measures

Sociodemographic data included age and gender. Age was treated as a continuous variable. 
Male gender was the reference category.

Clinical data were retrieved from medical files. These included serum hemoglobin, 
creatinine (laboratory methods by Scheffe), primary kidney diagnosis, previous duration 
of dialysis (in years), source of transplanted kidney, comorbidity, current and anti-rejection 
immunosuppressive treatment, acute rejection episodes, chronic renal allograft dysfunction, 
uroinfection – which included pyelonephritis and diagnosis of graft loss – and mortality. 
The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI formula 
in mililiters per minute.17 CKD stages were determined as recommended by guidelines.2,6 In 
the second step, patients were stratified into two groups: the first group consisted of stages 
1 and 2 CKD patients, and the second group of stages 3-5 CKD patients, according to 
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the known impact of deceased kidney function on anemia of renal origin.6 Acute rejection 
episodes and chronic renal allograft dysfunction were diagnosed from a biopsy according to 
the Banff 2009 update of diagnostic categories for renal allograft biopsies.18 According the 
hemoglobin value, PTA was divided into 3 categories: 1) severe PTA (Hb<10 g/l), 2) mild 
PTA (10≤Hb<12 g/l) and 3) no PTA (Hb≥12 g/dl).3,4 

Mortality data were obtained from our database of medical reports and completed 
with data from the “Health care surveillance authority of the Slovak Republic” up to 10 
years after KT.

Statistical analyses

Frequencies, means and standard deviations were calculated for the sample description. The Mann-
Whitney U-test and χ2 test were used to identify the association between the dependent variable 
(mortality) and the other variables: age, gender, duration on dialysis before KT (in years), eGFR 
and CKD stages at baseline, PTA (severe, mild and no anemia, which was the reference category) 
at baseline, uroinfection (pyelonephritis included), number of acute rejection episodes, chronic 
renal allograft dysfunction, source of transplanted kidney, cardiovascular disease (coronary artery 
disease, severe cardiac failure, myocardial infarction) and categories of diabetes mellitus (no diabetes 
mellitus, already existing diabetes mellitus and new-onset diabetes mellitus after transplantation). 
Stratification by CKD was performed with regard to the known impact of decreased kidney 
function on anemia of renal origin,6 and Cox regression was performed in order to identify the 
predictors of mortality (censored for graft loss). The independent variables in both stratified Cox 
regression models were all variables with p < 0.1 in the Mann-Whitney U-test and the χ2 test, as 
appropriate. The Statistical Package for the Social Science (IBM SPSS Inc. Chicago, IL, USA) 
version 20 was used for statistical analyses.

Results

No significant differences were found at baseline between participants and non-participants 
regarding age, gender, graft loss and mortality. The observation period of follow-up was 
from 1 to 10 years (mean 5.6±2.7); the mean period for severe PTA was 4.3±2.6 years, for 
mild PTA 5.3±2.6 years and for the category without PTA 5.9±2.7 years. The prevalence 
of renal anemia therapy was 14% with Erythropoiesis-Stimulating Agents (ESA), 48% iron 
supplementation, 33% folic acid, 14% ascorbic acid, 10% pyridoxine and 6% cobalamin. 
Table 6.1 displays detailed information about the characteristics of the sample (N=318). 

The Mann-Whitney U-test showed that age (p<0.001) and eGFR (p<0.001) were 
associated with mortality. The χ2 test performed in order to identify factors associated with 
mortality found that female gender (χ2=1.5; p<0.1), categories of PTA (χ2=33.1; p<0.001), 
CKD stages (χ2=32.7; p<0.001) and cardiac failure (χ2=2.4; p<0.1) were associated 
with mortality. These associations are marked in Table 6.1. These variables were used as 
independent factors in the Cox regression models for mortality, stratified according to the 
two groups of CKD.
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Table 6.1 Characteristics of the sample (N=318)
Characteristics of the sample 

at baseline
Status of the sample 

at follow-up

N(%) or mean±SD   Died 
(N=51;16%)

Survived 
(N=267;84%)

Age (mean±SD) 47.94±12.24 # $

Gender
Male 183(57.5%) #
Female 135(42.5%) #

Duration on dialysis before KT (in years) 3.55±2.72

Primary diagnosis of kidney 
failure

Glomerulonephritis 115(36.2%)
Tubulointerstitial nephritis 78(24.5%)
Vascular disease 31(9.7%)
Polycystic kidneys adult type 21(6.6%)
Diabetic nephropathy 21(6.6%)
Other or unknown 52(16.4%)

Source of transplanted 
kidney

Deceased donor 303(95.3%)
Living donor 15(4.7%)

Function immediately
after KT

Immediate function 177(55.7%)
Delayed function 141(44.3%)

Estimated glomerular filtration rate (ml/min) 62.4±19.8 # $

CKD stage

1 23(7.2%) # $
2 135(42.5%) # $
3a+3b 122(38.4%) #        
4 14(4.4%) #        
5 24(7.5%) #

Hemoglobin value (g/dl) 12.5±1.8 # $

Post-transplant anemia
Severe (Hb<10.0g/dl) 27(8.5%) # $
Mild (10.0≤Hb<12.0g/dl) 72(22.6%) # $
No anemia (Hb≥12.0g/dl) 219(68.9%) # $

Therapy for anemia

ESA 14(14.1%)
Iron 47 (47.5%)
Folic acid 33(33.3%)
Cobalamin 6(6.1%)
Pyridoxine 10(10.1%)
Ascorbic acid 14(14.1%)

Acute rejection episodes 95(29.9%)

Type of rejection treatment

Steroids 72(22.6%)
Antithymocyte globulin 10(3.1%)
Plasmapheresis 6(1.9%)
Plasmapheresis+i.v.immunoglobuline 7(2.2%)

Chronic renal allograft dysfunction 42(13.2%)
Uroinfection (including pyelonephritis of graft) 85(26.7%)

Immunosuppression 
treatment 

CsA+P 36(11.4%)
CsA+AZA/CsA+AZA+P 24(7.5%)
CsA+MMF/CsA+MMF+P 154(48.4%)
Tac+MMF/Tac+MMF+P 97(30.5%)
SIR+MMF+P/EVER+CsA+MMF 7(2.2%)

Comorbidities

Coronary artery disease 78(24.5%)
Severe cardiac failure 72(22.6%) #
Myocardial infarction 17(5.3%)
Hypertension 226(71.1%)
Diabetes mellitus identified before KT 30(9.4%)
New onset diabetes mellitus after transplantation 17(5.3%)
CKD-MBD 163(51.3%)
Other comorbidities:≥2 9(2.8%)

Graft loss 55(17.3%)

Diagnosis of graft loss

Acute rejection episodes 5(9.1%)
Chronic renal allograft dysfunction 16(29.1%)
Uroinfections 15(27.3%)
Others/unknown 19(34.5%)

Diagnosis of mortality

Acute myocardial infarction 23(46.9%)
Pulmonary disease/pulmonary embolism 7(14.3%)
Stroke 3(6.1%)
Carcinoma with metastasis/liver disease 6(12.2%)
Others/unknown 10(20.4%)

N–Number, SD–Standard deviation; AZA–azathioprine, CKD–Chronic kidney disease, MBD–Mineral bone disorder, CsA–cyclosporine  
A, ESA–erythropoiesis-stimulating agents, EVER–everolimus, Hb–hemoglobin, KT–kidney transplantation, MMF–mycophenolate mofetil/
mycophenolate sodium, P–prednisone, SIR–sirolimus, Tac–tacrolimus;  #–association with mortality (p<0.1); $–association with survival (p<0.1)
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Model 1:  Cox regression model for mortality in CKD stages 1-2
The χ2 of the Cox regression model 1 for mortality in CKD stages 1-2 was 39.6. Age 

(HR 1.1, p≤0.001), female gender (HR 0.1, p≤0.05), mild PTA (HR 6.2, p≤0.05) and 
severe PTA (HR 9.8, p≤0.001) contributed significantly to this model. The risk of death 
increased by 10% for each year of age, while on the other hand, the risk of death decreased 
by 90% among females. In addition, the presence of mild PTA increased the risk 6-fold and 
severe PTA 10-fold (Table 6.2).

Model 2:  Cox regression model for mortality in CKD stages 3-5
The χ2 of the Cox regression model 2 for mortality in CKD stages 3-5 was 32.1. Age 

(HR 1.1, p≤0.01) and severe PTA (HR 10.8, p≤0.001) contributed significantly to this 
model. The risk of death increased by 10% for each year of age, and the presence of severe 
PTA increased the risk 10-fold (Table 6.2).

The risk of death in patients with mild and severe PTA in CKD stages 1-2 compared 
with no PTA starts to rise at 3 years after KT; the hazard ratio for mild and severe PTA 
compared with no PTA increased after this period independently of kidney function. 
However, the risk of death in patients with severe PTA in CKD stages 3-5 starts to rise 
already at 2 years after KT. Figures 6.2 and 6.3 display the differences in mortality between 
those with severe PTA, mild PTA and no PTA.

Table 6.2: Final models of Cox regression [stratified due to 2 CKD groups (CKD stages 1-2 and 3-5)] 
containing predictors of mortality 

Models for mortality (N=318)
Score

B(SE) HR 95%CI for HR p2Log 
Likelihood χ2

Model 1 in CKD stages 1-2 (n=158); log-rank test: χ2=39.62***

age 131.44 10.31 0.12(0.04) 1.12 1.05;1.20 0.001

gender
male

124.85 6.59
Reference

female -2.44(1.14) 0.09 0.09;0.82 0.033

severe cardiac failure
no

123.08 15.23
Reference

yes 0.60(0.57) 1.82 0.60;4.23 0.316

PTA
no

112.07 21.36
Reference

mild 1.82(0.88) 6.16 1.12;34.33 0.038
severe 2.28(0.68) 9.79 2.57;37.26 0.001

Model 2 in CKD stages 3-5 (n=160); log-rank test: χ2=32.09***
age 320.97 4.2 0.05(0.02) 1.06 1.02;1.09 0.003

gender
male

320.51 0.47
Reference

female -0.52(0.36) 0.59 0.29;1.20 0.593

severe cardiac failure
no

319.71 0.80
Reference

yes   0.72(0.63) 1.92 0.82;5.56 0.835

PTA
no

298.35 21.36
Reference

mild 0.25(0.42) 1.29 0.56;2.98 0.554
severe 2.38(0.49) 10.78 4.15;28.08 <0.001

p–significant values; PTA–post-transplant anemia, CI–Confidence Interval, B(SE)–Unstandardized Coefficient B (Standard Error), HR–
hazard ratio
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Figure 6.2: Differences in mortality between severe PTA, mild PTA and no PTA over 10 years in CKD 
stages 1-2

 

Kaplan-Meier plots showing higher mortality during 10 years after transplantation in patients with CKD stages 1-2 with mild or severe 
anemia compared with patients without PTA

Figure 6.3: Differences in mortality between severe PTA, mild PTA and no PTA over 10 years in CKD 
stages 3-5

Kaplan-Meier plots showing higher mortality during 10 years after transplantation in patients with CKD stages 3-5 with severe PTA compared 
with patients without PTA
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Discussion

We explored the independent effect of anemia on mortality in the early period after kidney 
transplantation. Mild and severe PTA in the first year after transplantation increased the higher risk of 
mortality independently of kidney function at up to 10 years follow-up. Mild PTA predicted a 6-fold 
higher risk of mortality and severe PTA a 10-fold higher risk of mortality compared with no PTA in 
CKD stages 1-2. However, patients with more advanced stages of CKD showed no association of 
mild PTA with mortality, probably as this only reflects their worse kidney function; however, severe 
PTA predicted a 10-fold higher risk of mortality. The other factor associated with increased risk of 
mortality was advanced age, and with decreased mortality female gender, which is in line with the 
others studies.19,20 

NKF/KDOQI and KDIGO guidelines for diagnosis and treatment of renal anemia recommend 
a global assessment of the patient, which should consist of an inventory of complications of the 
dialyzed, perioperative and post-transplantation period, including inflammatory diseases, rejections, 
comorbidities, ACEi/ARB and immunosuppressant treatment.2,3,6 In our study uroinfection 
(including pyelonephritis), rejection episodes, chronic renal allograft dysfunction, cardiovascular 
disease, already existing diabetes mellitus, new-onset diabetes mellitus after transplantation and the 
total number of other comorbidities were not associated with mortality in patients after KT. 

In line with our results, Amaral et al. showed that patients with mild and severe anemia of renal 
origin independently of CKD had an increased risk for mortality.21 A few other studies have also 
shown that a low level of Hb is strongly associated with mortality.7,12,13 In our sample, 31.1% of 
respondents had various grades of anemia, fitting in the range from 20 to 57%, as was found earlier 
for Central Europe.22 

The study of Lawler et al., with CKD in the pre-dialyzed period, showed that anemia in this 
group was underestimated, with an absence of relevant blood tests and a lack of treatment.23 Iseki 
and Kohagura showed that renal anemia is a marker of kidney failure and is associated with a higher 
incidence of stroke, heart failure and a relevant lower quality of life and survival.24 Regarding the 
above mentioned outcomes, Amaral et al. suggested that the hazard ratio of mortality is increased 
proportionally according to the severity of the anemia. They discovered that a serum hemoglobin 
concentration of 11.0 g/dl and higher showed a 60-70% reduction in the risk of mortality.21

The prevalence of renal anemia treatment after KT is, according to the NKF/KDOQI 
guidelines, relevant to CKD in the pre-dialyzed period.5 Surprisingly, Molnar et al. found 
in ten renal transplant units across Europe that the prevalence and management practices 
related to renal anemia after transplantation were quite variable and overall have remained 
largely unchanged over the last 5 years.11 In our sample, more than two-thirds of the patients 
were treated by a combination of two drugs. Similar to our results, Spiegel and Chertow 
(2009) showed the benefit of renal anemia treatment by ESA and iron therapy.8 

The most recent studies regarding renal anemia therapy have shown that there is a 
narrow boundary between safe treatment and therapy causing increased morbidity and 
mortality risk.25 Reports on the relative adequate serum concentration of hemoglobin 
and iron and other essential components have shown a higher risk of stroke, thrombosis 
and progression of cancer.25,26 These conclusions bring up new questions about dosing 
algorithms aimed at achieving and maintaining optimal target hemoglobin levels without 
endangering the patient.
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Strengths and limitations

The main strength of this study is the prospective follow-up for 10 years, which enabled us to 
explore anemia and others factors as predictors of mortality in kidney transplant recipients. 
Moreover, all consecutive patients originating from one major transplant center in Slovakia 
over a number of years were asked to participate in the study to prevent selection bias.

A limitation of the study might be the lack of certain other biomarkers (serum 
concentration of ESA, iron, ferritin, transferrin, vitamins, etc.) and additional information 
(inflammatory markers, catabolism) which decrease hemoglobin concentration. The variable 
observation period between minimum and maximum (1 and 10 years) is also a limitation. 
Testing for anemia in this study was not conducted immediately after transplantation to 
prevent false findings due to perioperative complications. Therefore, patients who died or 
lost their transplanted kidney within the first 3 months after KT were not included in the 
study.

Recommendations 

Our findings imply that mild and severe anemia in CKD stages 1-2 may be an independent 
element of the pathway to survival in kidney transplant recipients. In line with our results, 
we suggest treating mild and severe anemia in patients after the third month following 
successful transplantation to increase their probability for survival. Further studies should 
also be carried out to shed more light on this important pathway. According to these results, 
a randomized controlled trial in ESA treatment of post-transplant anemia with a target 
Hb-value above 10.0 g/dl would be appropriate. We could then verify whether treatment 
of anemia after KT decreases mortality in kidney transplant recipients and thus fill a gap in 
the guidelines for ESA in post-transplant anemia regarding the Hb-value. Furthermore, the 
pathways between other medical determinants associated with anemia and mortality should 
be studied as well.

Conclusion

Post-transplant anemia in an early period after transplantation increased the risk of 
mortality independently of kidney function at up to 10 years follow-up in CKD stages 
1-2. Mild PTA is associated with a 6-fold higher risk of mortality and severe PTA with a 
10-fold higher risk of mortality compared with no PTA in CKD stages 1-2. Thus, patients 
with a well-functioning transplanted kidney but with post-transplant anemia might benefit 
from clinical evaluation as well as treatment (e.g. Erythropoiesis-Stimulating Agents, iron 
therapy, etc.) to reduce their higher risk of mortality. However, patients with more advanced 
stages of CKD showed no association of mild PTA with mortality, probably as this may only 
reflect their worse kidney function; however, severe PTA predicted a 10-fold higher risk of 
mortality.
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Abstract 

Background

This study explored whether self-rated health (SRH) shortly after kidney transplantation 
(KT) predicts mortality and graft loss at up to 10 years follow-up. 

Methods

A total of 276 patients shortly after successful KT were interviewed. SRH was measured 
using the first item of the SF-36 questionnaire and divided into 3 tertiles: poor, average and 
excellent health. Clinical data were retrieved from medical records. Cox regression was used 
to identify whether different levels of SRH predicted mortality and graft loss in transplant 
recipients. The observation period was up to 10 years. 

Results

Poor SRH (HR 11.1, p<0.001), average SRH (HR 4.21, p<0.05), estimated glomerular 
filtration rate (HR 0.26, p<0.05) and age (HR 1.04, p<0.05) were significantly associated 
with mortality. Similarly, poor SRH (HR 6.4, p<0.001), average SRH (HR 3.6, p<0.05), 
new-onset diabetes mellitus after KT (HR 3.3, p<0.05) and chronic renal allograft 
dysfunction (HR 3.7, p<0.00) were significantly associated with graft loss. 

Conclusion

Poor SRH shortly after transplantation indicates an increased risk of mortality and graft loss 
at up to 10 years follow-up. SRH could be an inexpensive and reliable indicator for starting 
diagnostic and/or treatment strategies. The usefulness of SRH compared to other global 
clinical measures predicting mortality and graft loss should also be studied.

Key words

graft loss, kidney transplantation, mortality, self-rated health
 



 



87

Self-rated health and mortality after kidney transplantation

Self-rated health predicts mortality and graft loss after kidney transplantation

Introduction 

Self-rated health (SRH) is an independent predictor of mortality in patients with end-
stage renal disease (ESRD) on chronic dialysis.1 Persons with poor SRH have a higher 
mortality risk compared with those with excellent SRH even after controlling for a range 
of demographic and clinical variables.1,2 Previous studies have also shown that physical, 
psychological and total scores of health-related quality of life were significantly correlated 
with increased risks of ESRD and death in patients with chronic kidney disease, independent 
of comorbidity factors.3,4 

The medical predictors of mortality are also known. A study by Desai et al. has shown 
that cardiovascular and inflammatory markers were predictors of mortality and might have 
important implications for risk stratification in the ESRD population.5 Other studies have 
demonstrated the associations between infections, graft rejections, donor and recipient 
factors with increased mortality and graft loss in kidney transplant recipients.6-9 Ravindran 
et al. explored the idea that new-onset diabetes mellitus after transplantation was a well-
recognized complication of solid organ transplantation associated with higher patient 
mortality and graft loss.10 

Many studies in ESRD, including those after transplantation, have shown medical 
factors to be associated with mortality and graft loss.6-10 Moreover, Novak et al. showed 
that depressive symptoms were an independent predictor of mortality censored graft loss in 
patients after KT.11 Surprisingly, we found no studies on SRH as a predictor of mortality or 
graft loss in kidney transplant recipients. 

The aim of this prospective observation study is to explore whether self-rated health 
in an early period after kidney transplantation predicts mortality and graft loss at up to 10 
years follow-up. 

Methods

Sample and procedure

A total of 362 consecutive patients who underwent KT between January 2001 and January 
2011 at the Transplant Centre of Kosice in the eastern region of Slovakia were enrolled in 
the study. The baseline examination of the participants occurred between the 3rd and 12th 

month after successful KT. The first 3 months after KT are usually considered to be the 
most problematic period connected to dramatic changes, increased morbidity and even 
mortality.12 Furthermore, improvement in self-perceived health most often occurs during 
the first 2 years after KT.13 Before the first 3 months after KT, 9 (2.5%) patients were not 
included because 3 (0.8%) of them had died and 6 (1.7%) had lost their transplanted 
kidney. The exclusion criteria were the presence of mental retardation, acquired cognitive 
impairments, severe dementia or other psychiatric diseases mentioned in the medical record. 
After the exclusion of 1 (0.3%) patient because of the exclusion criteria a total of 352 kidney 
transplant recipients after successful transplant surgery were invited to participate. Of those 
34 (9.7%) refused to participate, 31 (8.8%) did not return the questionnaire and 11 (3.1%) 
provided questionnaire with missing data, resulting in a total of 276 patients (an effective 
response rate 78.4%) at the start of the study. Figure 7.1 presents more detailed information 
on participants.

Patients provided information about sociodemographic variables and filled in the 
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questionnaire. All participants were interviewed during regular outpatient clinical visits by 
trained personnel independent of the transplant team. Medical data were retrieved from 
medical records at the same time as socio-demographic data and data of SRH.

Only patients who signed informed consent prior to the study were included. The local 
Ethics Committee in Kosice approved the study.

 Figure  7.1 Flow-chart diagram of the participants

 

N/n–Number, RR-response rate; KT–kidney transplantation

Measures

Sociodemographic data included age, gender and education. Age was treated as a continual 
variable. We categorized education into elementary (primary school, completed or not), 
apprenticeship (completed, or not-completed secondary school), secondary (completed, or 
not-completed university) and university (completed).

Self-rated health (SRH) was measured using the first question of the Short Form 
Health Survey (SF-36).14 The answer options 1 (poor), 2 (fair), 3 (good), 4 (very good) 
and 5 (excellent) were transformed into a standard scale from 0 (poor health) to 100 
(excellent health) in which the higher scores indicate better health status.14 This scale was 
then categorized into tertiles: scores 0 to 30 (fair and poor) were categorized as ‘poor health’; 
31 to 60 (good) as ‘average health’; and 61 to 100 (excellent and very good) as ‘excellent 
health’.15 The validity and reliability of the first item of the SF-36 has been confirmed in 
patients with renal disease, including those after KT.16-18

Clinical data were retrieved from medical files. These included serum creatinine, previous 
duration of dialysis (in years), primary kidney diagnosis, source of transplanted kidney, 
function immediately after KT, comorbidity, the current and rejection immunosuppressive 
treatment, acute rejection episodes, chronic renal allograft dysfunction, uroinfection, which 
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included pyelonephritis, comorbidities and diagnosis of graft loss, and mortality. The 
estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI formula.19 

Acute rejection episodes and chronic renal allograft dysfunction were diagnosed from biopsy 
according to the Banff 2009 update of diagnostic categories for renal allograft biopsies.20

Statistical analysis

The Mann-Whitney U-test and χ2 test were used to test the differences between respondents 
and non-respondents. Frequencies, means and standard deviations were calculated for the 
sample description. Both tests were used to identify the association between the dependent 
variables (mortality and graft loss), and the other variables: age, gender, education, SRH 
categorized into tertiles (excellent SRH - reference category), eGFR at baseline, uroinfection 
(pyelonephritis included), number of acute rejection episodes, chronic renal allograft 
dysfunction, source of transplanted kidney, cardiovascular disease – coronary artery disease, 
cardiac failure, myocardial infarction and categories of diabetes mellitus (no diabetes 
mellitus – reference category, already existing diabetes mellitus and new-onset diabetes 
mellitus after transplantation). Cox regression (conditional LR method) was performed in 
order to identify the predictors of mortality (censored for graft loss) and predictors of graft 
loss. The independent variables in both Cox regression models were all variables with p < 
0.1 in Mann-Whitney U-test and χ2 test, as appropriate. Harrell’s C-statistic and Somers’ 
D were calculated for both models (model for mortality and model for graft loss). The 
Statistical Package for the Social Science (SPSS Inc. Chicago, IL, USA) version 18.0.3 and 
STATA/SE 11.1 were used for statistical analyses.

Results

No significant differences were found between respondents and non-respondents regarding 
age and gender. Also, no significant differences were found between those who provided 
complete and incomplete data in age, gender, mortality and graft loss. The observation period 
was up to 10 years (mean 5.8±2.7) follow-up; the mean period for poor SRH was 4.5±0.2 
years, for average SRH 6.5±0.2 years and for excellent SRH 6.6±0.4 years. The mean period 
between transplantation and mortality for poor SRH was 3.8±1.5 years, for average SRH 
6.2±3.5 years and for excellent SRH 7.2±2.6 years. The mean period between transplantation 
and graft loss for poor SRH was 4.2±2.3 years, for average SRH 5.6±1.5 years and for excellent 
SRH 7.3±1.7. During the observation period 40 patients with poor SRH (39.2%) died and 
31 (30.4%) lost their transplanted kidney; 11 with average SRH (9.0%) died and 20 (16.4%) 
lost their graft and 2 with excellent SRH (3.8%) died and 3 (5.8%) lost their graft. Table 7.1 
displays detailed information about the characteristics of the sample (N=257). 

The Mann-Whitney U-test showed that age (p<0.001) and eGFR (p<0.001) were 
associated with mortality. Age (p<0.001), eGFR (p<0.001), and the number of acute rejection 
episodes (p<0.05) were associated with graft loss. The χ2 test was performed in order to identify 
factors associated with mortality and graft loss, and the findings were that SRH (χ2=45.2; 
p<0.001) and cardiac failure (χ2=2.7; p=0.1) were associated with mortality, while SRH 
(χ2=15.9; p<0.001), chronic renal allograft dysfunction (χ2=42.7; p<0.001), and diabetes 
(χ2=4.5; p<0.1) were associated with graft loss. These associations are marked in Table 7.1 
and the mentioned variables were used as independent factors in both Cox regression models 
(Model 1 for mortality and Model 2 for graft loss). 
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Table 7.1 Characteristics of the sample (N=276)

N(%) or mean±SD M GL

 Age 48.27±12.34 $ #

Gender
Male 164(59.4%)
Female 112(40.6%)

Education

elementary 48(17.4%)
apprenticeship 125(45.3%)
secondary 81(29.3%)
university 22(8.0%)

 SRH 49.4±1.56 $ #

Category of SRH
poor 102(37.0%) $ #
average 122(44.2%) $ #
excellent 52(18.8%) $ #

Duration on dialysis before KT (in years) 3.66±3.04

Primary diagnosis of kidney failure

Glomerulonephritis 98(35.5%)

Tubulointerstitial nephritis 65(23.6%)
Vascular disease 26(9.4%)
Polycystic kidneys adult type 25(9.1%)
Diabetic nephropathy 18(6.5%)
Other/unknown 44(15.9%)

Source of transplanted kidney
deceased donor 262(94.9%)
living donor 14(5.1%)

Function immediately after KT
immediate 157(56.88%)
delayed 119(43.12%)

Acute rejection episodes 93(33.7%) #

Type of rejection treatment

steroids 72(27.9%)
antithymocyte globulin 10(3.6%)
plasmapheresis 6(2.2%)
plasmapheresis+i.v.immunoglobuline 5(1.8%)

 Chronic renal allograft dysfunction 42(15.2%) #
 Uroinfection 84(30.4%)

Immunosuppression treatment at baseline

CsA+P 35(12.7%)
CsA+AZA/CsA+AZA+P 24(8.7%)
CsA+MMF/CsA+MMF+P 139(50.4%)
Tac+MMF/Tac+MMF+P 73(26.4%)
SIR+MMF+P/EVER+CsA+MMF 5(1.8%)

Estimated glomerular filtration rate (ml/min/1.73m2) at baseline 58.8±19.8 $ #

Comorbidities

Coronary artery disease 78(28.3%)
Cardiac failure 72(26.1%) $
Myocardial infarction 17(6.2%)
Hypertension 226(81.9%)
Diabetes mellitus identified before KT 18(6.5%)
New onset diabetes mellitus after 
transplantation 17(6.2%) #

CKD-MBD 160(58.0%)
Other comorbidities:≥2 9(3.3%)

Diagnosis of GL

Acute rejection episodes 5(9.3%)
Chronic renal allograft dysfunction 16(29.6%)
Uroinfections 14(25.9%)
Others/unknown 19(35.2%)

Diagnosis of M

Acute myocardial infarction 25(47.2%)
Pulmonary disease/pulmonary embolism 7(13.2%)
Stroke 3(5.7%)
Carcinoma/liver disease 6(11.3%)
Others/unknown 12(22.6%)

N–Number, SD–Standard deviation; KT–kidney transplantation, SRH–self-rated health, CKD-MBD–Chronic kidney disease–Mineral bone 
disorder. M–mortality; $–association with mortality (p<0.1); GL–graft loss; #–association with graft loss (p<0.1) 
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Acute rejection episodes and cardiac failure were not predictors associated with 
mortality and graft loss in either Cox regression model.

For mortality Harrell’s C-statistic remitted 0.88 and Somers’ D 0.75. Poor (HR 11.1, 
95%CI 4.22;29.04, p<0.001) and average (HR 4.21, 95%CI 1.3;13.71, p<0.038) SRH 
contributed significantly to this model, as did eGFR (HR 0.98, 95%CI 0.96;1.0, p<0.021) 
and age (HR 1.04, 95%CI 1.0;1.09, p<0.03). Regarding this, the risk of death was increased 
by 4% for each year of age; on the other hand, the risk of death was decreased by 2% for 
each 1 ml/min/1.73m2 eGFR (Table 7.2). Figure 7.2 displays the differences in mortality 
between poor, average and excellent SRH.

For graft loss Harrell’s C-statistic was 0.84 and Somers’ D 0.68. Poor (HR 6.43, 
95%CI 2.98;13.85, p<0.001) and average (HR 3.58, 95%CI 1.26;10.2, p<0.017) SRH 
contributed significantly to this model, as did chronic renal allograft dysfunction (HR 3.71, 
95% CI 1.82;7.6, p<0.001) and new-onset diabetes mellitus after transplantation (HR 
3.29, 95%CI 1.16;9.34, p<0.015). 

In line with this, chronic renal allograft dysfunction was associated with a 3.7-fold 
higher and new-onset diabetes mellitus after transplantation with a 3.3-fold higher risk of 
graft loss (Table 7.2). Figure 7.3 displays the differences in graft loss between poor, average 
and excellent SRH.

Table 7.2 Final models of Cox regression containing significant predictors of mortality (Model 1) and graft 
loss (Model 2)

Models 2Log Likelihood B(SE) HR 95% CI for 
HR

Model 1 - Mortality (N=276); Harrell’s C-statistic 0.88; Somers’ D 0.75

age 365.39 0.04(0.02)* 1.04 1.00;1.09

eGFR 356.59 -0.02(0.01)* 0.98 0.96;1.00

SRH

poor

323.62

2.41(0.49)*** 11.1 4.22;29.04

average 1.44(0.60)* 4.21 1.30;13.71

excellent Reference

Model 2 - Graft loss (N=276); Harrell’s C-statistic 0.84; Somers’ D 0.68

chronic renal allograft dysfunction 398.97 1.31(0.37)*** 3.71 1.82;7.60

new onset diabetes mellitus after transplantation 379.86 1.19(0.53)* 3.29 1.16;9.34

SRH

poor 

363.78

1.86(0.39)*** 6.43 2.98;13.85

average 1.28(0.53)* 3.58 1.26;10.20

excellent Reference

*-p<0.05, **-p<0.01, ***-p<0.001
SRH–Self-Rated Health, eGFR–estimated Glomerular filtration rate, B(SE) – Unstandardized Coefficient B (Standard Error), HR – hazard 
ratio, CI – Confidence Interval
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Figure 7.2: Differences in mortality between poor, average and excellent SRH over 10 years

Figure 7.3: Differences in graft loss between poor, average and excellent SRH over 10 years
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In this study we explored SRH in an early period after KT as a predictor of mortality and 
graft loss in kidney transplant recipients at up to 10 years follow-up. In addition to SRH, 
age and eGFR were predictors of patient mortality. The predictors for graft loss were SRH, 
chronic renal allograft dysfunction and new-onset diabetes mellitus after transplantation. In 
line with our findings, Kutner et al. showed that physical functioning might be used together 
with factors in pre-transplant recipients to prove their potential risk for morbidity, graft loss 
and mortality after KT.21 

In the Cox regression model for mortality we found that patients with a higher eGFR 
had a significantly reduced mortality hazard ratio. On the other hand, average SRH was 
associated with a 4-fold higher and poor SRH with an 11-fold higher risk of mortality. In 
the Cox regression model for graft loss, we found that chronic renal allograft dysfunction, 
new-onset diabetes mellitus after KT and average SRH were associated with a 3-fold higher 
risk of graft loss, and poor SRH was associated with a 6-fold higher risk of graft loss. Much 
like our findings of the risk ratio for graft loss, many studies have explored the idea that graft 
rejection and new-onset diabetes mellitus increased the graft loss risk ratio.9,22 Surprisingly, 
cardiovascular disease was not associated with mortality or graft loss in our sample, which is 
probably due to under-diagnosis, as we relied on evidence in the medical records and did not 
actively evaluate patients’ comorbidity.

To our knowledge, when searching the literature we found no study exploring whether 
there is an association of SRH with mortality and graft loss in kidney transplant recipients. 
Tanikella et al. in their study with 3 years follow-up explored whether liver transplanted 
patients with lower self-reported physical quality of life had an increased risk of mortality.23 

So far, studies on dialysis patients have established a significant connection between poorer 
SRH and higher risk of mortality.1,3,4 Spiegel et al. in their systematic review explored a 
close connection between poor well-being, morbidity and mortality in patients with 
ESRD.24 These findings are in line with our results. Thus, SRH might reflect several adverse 
conditions and therefore may provide additional information on a patient’s risk, independent 
of demographic, socioeconomic and clinical risk factors for mortality15 and graft loss.

Strengths and limitations

The strength of this study is the prospective follow-up for 10 years, which enabled us 
to explore SRH and the others factors as predictors of mortality and graft loss after KT. 
Moreover, all consecutive patients originating from one major transplant centre in Slovakia 
over a number of years were asked to participate in the study to prevent selection bias.

Missing data is a limitation of this study; on the other hand, there were no differences 
in age and gender between respondents and non-respondents, and no differences in age, 
gender, mortality and graft loss between recipients who provided complete and incomplete 
data. The variable observation period between minimum and maximum (1 and 10 years) is 
also a limitation. The SRH interviews were not conducted immediately after transplantation 
to prevent false findings due to perioperative stress. Therefore, patients who died or lost 
their transplanted kidney before the first 3 months after KT were not incorporated into the 
study. It could be of interest to control for a potential effect of pre-transplantation SRH, 
as it may predict mortality and graft loss as well. Our findings might only be used partially 
due to their potential lack of generalizability, as we used data from a single center sample.
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Policy implications

SRH could be used as an inexpensive and swift predictor of risky kidney transplant 
recipients. Patients with poor SRH might undergo relevant clinical as well as laboratory 
assessment and/or treatment to reduce their high risk of mortality and graft loss. 

Recommendations for further research 

Results must be verified in a larger multicentre sample to allow for generalization. We 
could then verify whether SRH after KT remains a predictor of mortality and graft loss in 
kidney transplant recipients, or whether in a longer period after KT other variables become 
important. Furthermore, the pathways between psychological, physical and medical 
determinants associated with SRH, mortality and graft loss should be studied.

Conclusion

Poor and average SRH in an early period after transplantation indicated a higher risk of 
mortality and graft loss at up to 10 years follow-up. Poor SRH is associated with an 11-fold 
higher risk of mortality and a 6-fold higher risk of graft loss compared to excellent SRH at 
up to 10 years follow-up. Patients with poor SRH might undergo relevant clinical as well as 
laboratory assessment and/or treatment to reduce their high risk of mortality and graft loss.



95

Self-rated health and mortality after kidney transplantation

Self-rated health predicts mortality and graft loss after kidney transplantation

References
1. Thong MSY, Kaptein AA, Benyamini Y, Krediet RT, Boeschoten EW, Dekker FW. 

Association between a Self-Rated Health Question and Mortality in Young and Old 
Dialysis Patients: A Cohort Study. Am J Kidney Dis. 2008; 52: 111. 

2. DeSalvo KB, Bloser N, Reynolds K, He J, Muntner P. Mortality Prediction with a 
Single General Self-Rated Health Question. A Meta-Analysis. J Gen Intern Med. 
2006; 21: 267. 

3. Mapes DL, Lopes AA, Satayathum S, et al. Health-Related Quality of Life as a Predictor 
of Mortality and Hospitalization: The Dialysis Outcomes and Practice Patterns Study 
(DOPPS). Kidney Int. 2003; 64: 339. 

4. Tsai YC. Quality of Life Predicts Risks of End-Stage Renal Disease and Mortality in 
Patients with Chronic Kidney Disease. Nephrol Dial Transpl. 2010; 25: 1621. 

5. Nissenson A, Chertow G, Farid M, Singh I, Van Oijen M, Desai A. The Relationship 
between Laboratory-Based Outcome Measures and Mortality in End-Stage Renal 
Disease: A Systematic Review. Hemodial Int. 2009; 13: 347. 

6. Sirivongs D, Liawnoraset W, Pongskul C, Reungjui S. Graft Survival Analysis in 
Kidney Transplantation: A 12-Year Experience in a Thai Medical Center. Transpl Proc. 
2004; 36: 2034. 

7. Djamali A, Samaniego M, Torrealba J, Pirsch J, Muth BL. Increase in Proteinuria 
>200 mg/g After Late Rejection is Associated with Poor Graft Survival. Nephrol Dial 
Transpl. 2010; 25: 1300. 

8. Schold JD, Srinivas TR, Howard RJ, Jamieson IR, Meier-Kriesche HU. The 
Association of Candidate Mortality Rates with Kidney Transplant Outcomes and 
Center Performance Evaluations. Transplantation. 2008; 85: 1. 

9. Nemati E. Prediction of Inpatient Survival and Graft Loss in Rehospitalized Kidney 
Recipients. Transplant Proc. 2007; 39: 974. 

10. Ravindran V. Post Transplant Diabetes Mellitus After Renal Transplantation: The 
Emerging Clinical Challenge. Yonsei Med J. 2004; 45: 1059. 

11. Novak M. Depressive Symptoms and Mortality in Patients After Kidney 
Transplantation: A Prospective Prevalent Cohort Study. Psychosom Med. 2010; 72: 
527. 

12. Wolfe RA, Ashby VB, Milford EL, et al. Comparison of Mortality in all Patients 
on Dialysis, Patients on Dialysis Awaiting Transplantation, and Recipients of a First 
Cadaveric Transplant. N Engl J Med. 1999; 341: 1725. 

13. Laupacis A, Keown P, Pus N, et al. A Study of the Quality of Life and Cost-Utility of 
Renal Transplantation. Kidney Int. 1996; 50: 235. 

14. Ware JE,Jr., Sherbourne CD. The MOS 36-Item Short-Form Health Survey (SF-36). 
I. Conceptual Framework and Item Selection. Med Care. 1992; 30: 473. 

15. McEwen LN. Are Health-Related Quality-of-Life and Self-Rated Health Associated 
with Mortality? Insights from Translating Research into Action for Diabetes (TRIAD). 
Primary Care Diabet. 2009; 3: 37. 

16. Wight JP, Edwards L, Brazier J, Walters S, Payne JN, Brown CB. The SF36 as an 
Outcome Measure of Services for End Stage Renal Failure. Qual Health Care. 1998; 
7: 209. 

17. Franke GH, Reimer J, Philipp T, Heemann U. Aspects of Quality of Life through 
End-Stage Renal Disease. Qual Life Res. 2003; 12: 103. 

18. Gomez-Besteiro MI, Santiago-Perez MI, Alonso-Hernandez A, Valdes-Canedo F, 
Rebollo-Alvarez P. Validity and Reliability of the SF-36 Questionnaire in Patients on 
the Waiting List for a Kidney Transplant and Transplant Patients. Am J Nephrol. 2004; 
24: 346. 

19. Levey AS, Stevens LA. Estimating GFR using the CKD Epidemiology Collaboration 
(CKD-EPI) Creatinine Equation: More Accurate GFR Estimates, Lower CKD 
Prevalence Estimates, and Better Risk Predictions. Am J Kidney Dis. 2010;55(4):622-
627. 

20. Sis B, Mengel M, Haas M, et al. Banff '09 Meeting Report: Antibody Mediated Graft 



96

Deterioration and Implementation of Banff Working Groups. J Am Soc Nephrol. 
2010; 10: 464. 

21. Zhang R, Bowles T, Paintner P, Kutner N. Pretransplant physical functioning and 
kidney patients’ risk for posttransplantation hospitalization/death: Evidence from a 
national cohort. Clin J Am Soc Nephrol. 2006; 1: 837.  

22. Cole EH, Johnston O, Rose CL, Gill JS. Impact of Acute Rejection and New-Onset 
Diabetes on Long-Term Transplant Graft and Patient Survival. Clin J Am Soc Nephrol.  
May 2008; 3: 814. 

23. Tanikella R, Kawut SM, Brown RS, et al. Health-Related Quality of Life and Survival 
in Liver Transplant Candidates. Liver Transpl. 2010; 16: 238. 

24. Spiegel BMR, Melmed G, Robbins S, Esrailian E. Biomarkers and Health-Related 
Quality of Life in End-Stage Renal Disease: A Systematic Review. Clin J Am Soc 
Nephrol. 2008; 3: 1759. 

 
 



97

Part IV

Discussion of the study findings

Chapter 8

Discussion
 
 





99

Self-rated health and mortality after kidney transplantation

Discussion

8.1 General discussion 

This thesis dealt with self-rated health (SRH), morbidity and mortality in kidney transplant 
recipients. Our findings have improved the understanding of these domains, which are 
connected to health perceptions after kidney transplantation (KT). We showed that a) self-
rated health in transplanted recipients is predicted by sociodemographic, psychological and 
medical determinants; b) post-transplant anemia is associated with mortality independently 
of kidney function; and c) self-rated health might be used as an independent predictor of 
graft loss and patient mortality. This chapter summarizes and discusses the main findings 
of our study, examines its strengths and limitations and finally indicates implications for 
practice as well as possibilities for further research.

8.2 Main findings

Research question 1

Chapter 3 focuses on the relationship between SRH in transplant recipients and their graft 
function. We compared the absolute level of glomerular function (GF) at baseline versus its 
change over time regarding its impact on SRH at follow-up, because we expected a more 
precise prediction of the change over time on SRH at follow-up during the observation 
period. We found that SRH at the 12th month after transplantation was influenced not by 
the success of the transplantation shortly after transplant surgery, but rather by the change 
in GF over time. The absolute level of kidney function did not contribute significantly to 
the explanation of the variance in SRH at follow-up. However, the change in graft function 
over time contributed significantly to the explanation of the variance in SRH at twelve 
months after transplantation.  

Research question 2 

Chapter 4 explored changes over time in the medical and non-medical factors associated 
with SRH and compared their associations with SRH at follow-up for early and late cohorts 
stratified by time since transplantation. Furthermore, this chapter also evaluated and 
discussed the differences between outcomes in varying periods since transplantation and 
their significant relationship to SRH. 

During the follow-up observation period in the early and late cohorts, SRH and 
glomerular filtration rate (GFR) increased, and transplantation-associated psychological 
distress decreased. The change in GFR over time consistently predicted SRH at follow-up 
in both cohorts. Furthermore, better SRH at follow-up was predicted by fewer late acute 
rejection episodes during the observation period in the late cohort after KT. Age was a 
predictor of SRH at follow-up in the early cohort only.

Research question 3 

Chapter 5 focused on the long-term impact of post-transplant anemia (PTA) on SRH 
at up to 8 years follow-up in kidney transplant recipients stratified according to chronic 
kidney disease (CKD) stages: CKD stages 1-2 versus CKD stages 3-5. Unexpectedly, SRH 
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at baseline was not found to be associated with SRH at follow-up in either CKD cohort, in 
those with well-functioning graft as well as in the advanced stages of CKD. As a result, male 
gender, a decrease in hemoglobin value and decreased graft function over time predicted 
poorer SRH at up to 8 years follow-up in patients after kidney transplantation with CKD 
stages 1-2, but not in patients with CKD stages 3-5; in the latter group, higher age, male 
gender and chronic renal allograft dysfunction predicted poorer SRH. Surprisingly, changes 
in the hemoglobin value in both CKD groups during the whole period after transplantation 
were minor and not statistically significant. This might be explained by an increase in the 
prevalence of antianemic therapy in those patients with a decreasing hemoglobin value. 
Furthermore, the prevalence of antianemic therapy significantly increased from baseline to 
follow-up in patients with CKD stages 3-5. 

Research question 4 

Chapter 6 explored whether PTA shortly after KT predicts mortality at up to 10 years 
follow-up. The study was based on stratification of the sample according to CKD stages: 
CKD stages 1-2 versus CKD stages 3-5. We found that PTA was a predictor of mortality 
independently of  kidney function. Mild and severe PTA in the first year after transplantation 
increased the higher risk of mortality independently of kidney function at up to 10 years 
follow-up. Mild PTA predicted a 6-fold higher risk of mortality and severe PTA a 10-fold 
higher risk of mortality compared with no PTA in CKD stages 1-2. However, patients with 
more advanced stages of CKD showed no association of mild PTA with mortality, probably 
as this only reflects their worse kidney function; however, severe PTA predicted a 10-fold 
higher risk of mortality. The other factor associated with increased risk of mortality was 
advanced age, and with decreased mortality female gender. 

Research question 5 

Chapter 7 established SRH as a general predictor of mortality and graft loss at up to 10 years 
follow-up. We found that average SRH was associated with a 4-fold higher and poor SRH 
with an 11-fold higher risk of patient mortality. Additional factors associated with mortality 
were higher age and decreased graft function. Average SRH was associated with a 3-fold 
higher risk of graft loss, and poor SRH with a 6-fold higher risk of graft loss. Additional 
factors associated with graft loss were chronic renal allograft dysfunction and new-onset 
diabetes mellitus after transplantation. 

8.3 Discussion of the main findings

Figure 8.1 presents information based on the associations between independent factors 
(such as sociodemographic data, individual perceptions regarding side-effects of 
immunosuppressants and medical factors) and dependent outcomes (SRH, graft loss and 
mortality) according to the research questions (R1-R5). (Figure 8.1) 

These research questions (R1-R5) might be combined when more variables are used 
to explain SRH or mortality. Therefore, the outcomes regarding SRH at follow-up as a 
dependent variable (R1-R3) are discussed in the first part of this chapter, namely “Self-
rated health in transplanted recipients is predicted by sociodemographic, psychological 
and medical determinants”. The second part, “Post-transplant anemia is associated with 
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mortality independently of kidney function”, describes and analyzes the importance of 
PTA connected to mortality in transplanted recipients with well-functioning graft, because 
anemia is still an underestimated problem in KT patients (R4). The last part of this 
chapter, “Self-rated health might be used as independent predictor of graft loss and patient 
mortality”, shows and discusses SRH as an independent predictor of patient’s mortality as 
well as that of a graft (R5).

Figure 8.1 Diagram describing the relationships between independent factors and dependent outcomes (SRH, 
graft loss and mortality) according to the research questions (R1-R5)

 

Self-rated health in transplanted recipients is predicted by 
sociodemographic, psychological and medical determinants

Prediction of worse SRH among elderly, females and those of lower socioeconomic status 
has been well described in previous studies.1-4 We partially found an association between 
age, gender and SRH at follow-up as mentioned above. In contrast, our results showed 
no associations between socioeconomic status and SRH; what might have played a role 
was that all patients were focused on their health perceptions during the regular interview. 
On the other hand, we incorporated socioeconomic status only as a confounder into the 
analyses of research question 1. Thus, we cannot exclude whether its impact on SRH might 
be possible in the stratified models and/or models based on mortality and graft loss. In this 
study, our main interest in the predictors of SRH was based on sociodemographic (age, 
gender), psychological and medical data.

Higher age was found to be an independent predictor of patients’ SRH in our findings 
for studies without stratification. When the sample was stratified and became more 
specialized (stratification according to time since KT and CKD stages), we found no impact 
of age on SRH in the late cohort or in the cohort with well-functioning graft, most likely 
because other factors became more significant. 

Female gender has been connected to poorer SRH generally;3,5 surprisingly, our 
outcomes showed no comparable results. Gender was only associated with worse SRH at 
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up to 8 years follow-up in cohorts stratified according to CKD stages. Previously, no such 
association between men and worse SRH has been found. Benjamins et al. described related 
findings as a stronger relationship between SRH and mortality risk among men.6

Several psychological aspects regarding the association between SRH and kidney 
transplant recipients have been studied as well.7-9 Our interest was to find the impact of 
individual adverse effects on SRH in accordance with a stratification related to time since 
transplantation. We found that a decrease in transplantation-associated psychological 
distress was linked to better SRH in the late cohort. Similar to our findings, Drent et al. 
(2008) divided their group of liver transplant patients into an early and a late cohort and 
showed differences between these groups in such a way that the late cohort reported more 
individual negative experiences than the early one.10 A result based on increasing individual 
adverse effects by time since transplantation and its association with poor well-being was 
shown by “the Patient Outcomes Registry for Transplant Effects on Life (PORTEL)” study 
as well.8 On the other hand, this study was based on the comparison between adverse effects 
of different immunosuppressive regimens (tacrolimus-based versus cyclosporine-based) and 
their impact on well-being.8 

SRH was shown as a possible measure in health care alongside traditional biomarkers.11 

In line with this, our findings regarding SRH showed a strong association between kidney 
function and SRH in transplanted recipients during varying times since KT as well as in 
varying CKD stages. Kidney function was associated with SRH in patients with worse stages 
of CKD, probably as their partial reconciliation with a worsening transplanted kidney. 
Moreover, it seemed as if the existing chronic renal allograft dysfunction (CRAD), as a fact 
of kidney failure, played a role in the SRH of these recipients. Late acute rejection episodes 
had a significant relationship with SRH in the late cohort at 2 years of follow-up and CRAD 
at up to 8 years follow-up in worse CKD stages. Both of these rejections were shown as 
markers of graft failure in association with worsening of individual well-being.10,12 In this 
thesis, post-transplant anemia (PTA) was the last medical factor to be studied as a possible 
predictor of worsening SRH. A decrease in the hemoglobin value over time predicted a 
poorer SRH at up to 8 years follow-up in patients with a very well-functioning transplanted 
kidney, but not in those with CKD stages 3-5. This might be interpreted as meaning that 
patients in CKD stages 3-5 have a well-known comorbidity of chronic kidney failure and 
this is therefore usually diagnosed and corrected in these patients. According to our findings 
no similar study has yet been published.

Post-transplant anemia is associated with mortality 
independently of kidney function

Anemia is a known predictor of mortality independently of kidney function.13-15 Conversely, 
management practices, including therapy of PTA overall, have remained largely unchanged 
over the last 5 to 7 years.16 A study performed by Amaral et al. in a dialyzed population 
showed that patients with mild and severe anemia of renal origin had an increased risk for 
mortality independently of their CKD stage and discovered that a hemoglobin value of 
11.0 g/dl and higher led to a 60-70% reduction risk of mortality.14 In our sample 31.1% 
of respondents had various grades of anemia; moreover, 8.5% of them did not reach even a 
hemoglobin value of 10.0 g/dl.  

In line with these outcomes, “The National Kidney Foundation Disease Outcomes 
Quality Initiative“ (NKF/KDOQI), the “Kidney Disease Improving Global Outcomes” 
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(KDIGO) and the “European Best Practice Guidelines” (EBPG) for diagnosis and 
treatment of renal anemia recommend a global assessment of the patient, which should 
consist of an inventory of complications of the dialyzed, or the perioperative and post-
transplantation period, including inflammatory diseases, rejections, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker (ACEi/ARB), immunosuppressants and 
comorbidities as well as an using an adequate combination and dose of anti-anemia 
drugs.13,15,17-20 In 2009, Spiegel and Chertow showed the benefit of renal anemia treatment 
by Erythropoiesis Stimulating Agents (ESA) and iron therapy in CKD patients, mainly in 
a dialyzed population.21 In our sample more than two-thirds of the patients were treated 
by a combination of two antianemic drugs. As a contrast, outcomes from the last three to 
five years on the relative adequate-serum hemoglobin value showed a higher risk of stroke, 
thrombosis and progression of cancer;22,23 thus, recent recommendations favor targeting 
treatment on the lower hemoglobin level than was practiced in the previous period.24 

However, the optimal strategy in treating anemia in a kidney transplant recipient has not 
yet been prescribed by guidelines, as anemia management studies in this group of patients 
have not sufficiently described. Furthermore, anemia management separately for patients 
with well-functioning graft is still an underestimated problem. These assumptions bring 
up new questions about the initial hemoglobin value to treat: dosing algorithms aimed at 
achieving and maintaining optimal target hemoglobin levels always along with taking care 
of the survival the transplant patient. 

Self-rated health might be used as independent predictor of graft loss and patient 
mortality
Poor SRH is well known as a valid risk of mortality in the general population.6,11,25,26 

Surprisingly, studies separately based on the association between mortality, graft loss and 
SRH in kidney transplant recipients were lacking prior to our study.27 Tanikella et al. (2010) 
studied the impact of SRH on mortality in liver transplanted patients and showed poor 
SRH to be an increased mortality predictor at up to 3 years follow-up.28 

On the other hand, an excellent SRH as a survival and/or poor SRH as a mortality 
predictor were found in CKD populations, including dialyzed patients.29-31 Previously, the 
impact of pre-transplant SRH on higher risk of mortality after KT had only supposed.32 

These findings, together with ours, establish SRH as a valid and a reliable indicator which 
can be used for a first impression of risk and might provide additional information on a 
patient’s risk, independently of demographic, socioeconomic and clinical risk factors for 
mortality and graft loss.27

8.4 Strengths and limitations of the study

The strength of this thesis is its longitudinal design, varying from one to 10 years of follow-up, 
which enabled us to explore the impact of change over time in medical as well as psychological 
factors on SRH at follow-up and the impact of the mentioned factors together with SRH 
on mortality and graft loss. Thus far, the impact of our findings has a greater informative 
value in Chapter 4, because of the sample stratification by time since transplantation (early 
versus late cohort), and in Chapter 5 and 6 because of the sample stratification according to 
CKD stages (CKD stages 1-2 versus CKD stages 3-5). These stratifications of the sample in 
the mentioned chapters were performed to compare the possible influence of the impact of 
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independent factors on SRH by time since transplantation (Chapter 4) and to prevent bias 
due to the known impact of the kidney function on hemoglobin value (Chapter 5 and 6). 
Last but not least, all patients originating from one major transplant center in Slovakia over 
a number of years were asked to participate in the study to prevent selection bias as well as 
a biased approach specific to SRH.

The total number of the patients (n=76) who dropped out are a limitation of this 
study; on the other hand, there were no differences in age and gender between participants 
and non-participants or between those who provided complete or incomplete data at 
baseline (Chapter 3-7) or at follow-up examination (Chapter 3-5). Regarding the follow-
up examinations, the varying time since transplantation, such as from 1 through 8 years 
in Chapter 5 and from 1 through 10 years in Chapter 6 and Chapter 7, might have a 
potential impact on the study findings. However, when compared with other studies10,33 

which were oriented on the transplant population the possibilities for this interpretation was 
shown. Therefore, more relevant studies, such as randomized control trials, are necessary 
to further explore this aspect. The SRH question and testing of clinical data were not 
conducted immediately after transplantation to prevent false findings due to perioperative 
stress, complications and subjective anticipation or suspense. Therefore, patients who died 
or lost their transplanted kidney before the first 3 months after KT were not incorporated 
into the study.  

An additional limitation of our study is the fact that these findings such as post-
transplant anemia, rejection episodes, chronic renal allograft dysfunction as well as other 
comorbidities, might be partially due to their potential lack of generalizability, as we used 
data from a single center sample; however we used consecutive patients without selection.

8.5 Practice implications

First of all, to increase patients’ SRH and the probability of their survival, we suggest 
diagnosing and treating post-transplant anemia, a decrease in graft functions together with 
rejections episodes and chronic renal allograft dysfunction. Patients with a well-functioning 
transplanted kidney but with a post-transplant anemia might benefit from clinical evaluation 
as well as treatment (e.g. ESA, iron therapy, etc.) to reduce their otherwise higher risk of 
mortality and increase their SRH.

Second, SRH might be used as an inexpensive and swift predictor of risky kidney 
transplant recipients. Patients with poor SRH could undergo relevant clinical as well as 
laboratory assessment and/or treatment to reduce their high risk of mortality and graft loss. 
Furthermore, the pathways between other medical determinants associated with poor SRH, 
decreased quality of life and survival, such as comorbidities, impact of drugs and so on, 
should be unraveled as well.

Third, findings from comparing the prevalence of the dialysis modality as well as the 
overall score of performed transplantations and patients still on the waiting list between 
2010 and 2011 in Slovakia are alarming. The prevalence of dialysis increased, while the 
prevalence of patients on waiting list decreased. In addition, transplantations performed 
from 2010 to 2011 decreased as well. At these points, there might be other factors, such as 
the aging population (the mean age was more than 60 years34), an increase in the number 
of comorbidities, and so on. On the other hand, the cooperation between the coordinating 
centers has increased, along with slight increase in the number of living donors, while the 
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number of deceased donors has stabilized, and the number of pre-empty transplantations 
has drawn attention to the complex problem of the necessary health care resources. This 
must be solved in order to increase the possibilities for dialyzed patients to have a chance for 
“a new transplanted kidney”, which improve their SRH and extends their survival. 

8.6 Possibilities for further research

In kidney transplant recipients

Firstly, according to our findings based on SRH in a prospective observation design from a 
single centre cohort study, we suggest continuing in this research in transplanted recipients 
covering national data from all four transplant centers in the Slovak Republic. Moreover, 
there would be the possibility to keep moving forward through international cooperation, 
such as the previous thesis managed by Rosenberger35 in a cross-section study design. Our 
project as a first step studied SRH after KT and the causal pathway between SRH and 
mortality and graft loss and parts of the determinants of SRH. Thus, as a next step, other 
medical and non-medical factors in the transplant population regarding SRH should be 
studied. Furthermore, an additional study based on the association between sufficient 
antianemic therapy and SRH from a longitudinal perspective is necessary, because the 
current findings show that when a patient with anemia is treated and the Hb-value is kept 
in the normal range, no association between the change in the Hb-value over time and SRH 
at follow-up is evident. 

Secondly, a further study into a sufficient hemoglobin value in transplant recipients 
has to be performed. This specific group of CKD does not yet have a confirmed definitive 
target hemoglobin level. The early initiation of treatment and maintaining of an adequate 
hemoglobin value might be enough to prolong the survival of patients after KT and their 
SRH. Therefore, a randomized controlled trial in ESA treatment of post-transplant anemia 
with a target hemoglobin value above 10.0 g/dl would be appropriate. It could then be 
verified whether treatment of anemia after KT decreases mortality as well as improves 
SRH in kidney transplant recipients and thus fills a gap in the guidelines for ESA in post-
transplant anemia regarding hemoglobin value.

In pre-dialyzed and dialyzed patients

A previous cross-sectional research project carried out by Rosenberger35 showed relationships 
between immunosuppressants, their adverse effects, compliance, kidney function and 
perceived health status in transplanted patients and compared quality of life after 
transplantation in KT recipients with that of dialyzed patients. In this longitudinal project 
we used SRH as an important indicator of health in transplanted recipients. Therefore, 
these findings enable us to elaborate a similar longitudinal prospective observational (non-
intervention) study in the Slovak dialyzed population, because SRH is related to mortality 
and morbidity and finally also to resource utilization in the general population and in 
patients with chronic kidney disease as well. Such a project should study the associations 
between sociodemographic, psychological and medical factors as well as mortality in 
patients with chronic kidney disease. 

The fact that SRH is easy to administer could enable the proposing of an additional 
international study. Currently dialysis clinics which are members of NephroCare use the 
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European Clinical Database (EuClid5)36 for data management of their dialysis and pre-
dialysis patients. A dialysis record also contains patients’ self-evaluations of their problems 
between dialyses, if any occurred. Therefore, we would propose to NephroCare Coordination 
to add this very short, easy and significant question to the pre-dialysis nurse assessment in 
EuClid536 with a possible choice of answers: “In general, would you say your health is: 
a) excellent, b) very good, c) good, d) fair and e) poor.” Patients all over the world would 
provide answers three times per week and therefore validation of the SRH concept would 
be multicenter and would include not only a large number of patients but also multiple 
measurements.  

8.7 Conclusion

We found that the absolute level of kidney function shortly after successful transplantation 
was a very difficult measure to estimate a patient’s SRH at follow-up because of the lack 
of a significant association with SRH one year after successful KT. On the other hand, 
a change in graft function over time showed a significant impact on SRH at follow-up; 
this means at one, two and up to 8 years follow-up after successful KT. At different times 
since transplantation, depending on CKD stages, different medical factors, such as late 
acute rejection episodes, chronic renal allograft dysfunction and post-transplant anemia, 
were found to be independent predictors of worsening SRH. Transplantation-associated 
psychological distress was the lone factor associated with SRH at a longer period after KT. 
Thus far, mild and severe anemia during the first year after KT have been found to be a 
patient’s mortality predictor independently of kidney function in patients with CKD stages 
1-2; on the other hand, severe anemia only increased the mortality risk in transplanted 
patients with CKD stages 3-5. Moreover, SRH at an early time since transplantation was 
approved as an independent predictor of a patient’s and a graft’s mortality. We confirmed 
that average SRH was associated with a 4-fold higher and poor SRH with an 11-fold higher 
risk of patient mortality at up to 10 years follow-up. Previously, average SRH had been 
associated with a 3-fold higher risk of graft loss, and poor SRH with a 6-fold higher risk of 
graft loss at up to 10 years follow-up. 

Improving long-term post-transplantation medical and non-medical outcomes should 
be a priority in the management of transplant recipients to reduce the risk of morbidity and 
mortality. According to our findings from a single centre, further research based on SRH 
after KT, which as suggested will cover national and international data, would be essential 
to approve SRH as an independent predictor of the mortality risk. Similar research in a 
dialyzed population would also be interesting to study. These investigations might start 
with a very short, easy and significant question: “In general, would you say your health is: 
a) excellent, b) very good, c) good, d) fair, e) poor.” The answer the patient provides to this 
question at the beginning of a consultation would provide a rather precise idea of the risk 
the patient is running. 
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This study focuses on self-rated health (SRH) in kidney transplant (KT) recipients and 
adds to and improves understanding of the role of SRH and its determinants, and SRH 
and anemia as predictors of mortality after KT at up to 10 years follow-up. In this thesis 
several aims were explored. The primary aim was to approve the potential of SRH as general 
predictor of a patient’s and a graft’s survival in KT recipients. We studied a) the associations 
between socio-demographic, psychological and medical factors, and SRH (Chapters 3-5); b) 
medical factors, namely anemia, as a mortality predictor independently of kidney function 
(Chapter 6); and c) SRH as a predictor of graft loss and mortality in KT patients (Chapter 
7). 

Chapter 1 introduced the main variables of the study. Furthermore, it formulated the 
basic model on SRH, graft loss and mortality prediction examined within this thesis and 
posited the 5 research questions.

Chapter 2 provided information about the sample, data sources, measures and statistical 
analyses used in the Chapters 3-7. 

Chapter 3 compared the change over time regarding glomerular filtration rate (GFR) 
between baseline and follow-up, with the baseline absolute level of kidney function as a 
significant predictor of SRH at one year after KT. We found that the absolute level of 
kidney function at the third month after successful transplantation was not significantly 
associated with a patient’s SRH at one year after KT; however, the change over time in GFR 
was associated.

Chapter 4 explored changes over time in medical and non-medical factors associated 
with SRH and compared their associations with SRH by time since transplantation. Also, 
here the change in graft function over time showed a significant impact on SRH at follow-
up in both periods; in this chapter the periods were one year (the early cohort) and two years 
(the late cohort) after successful KT.

 In Chapter 5 we studied whether a change in the hemoglobin value over time is a 
predictor of SRH controlled for chronic kidney disease (CKD) stages. We found that the 
change in kidney function over time and the change in the hemoglobin value over time were 
associated with SRH at up to 8 years follow-up in transplanted recipients with CKD stages 
1-2, but not in patients with CKD stages 3-5. A decrease in the hemoglobin value over time 
predicted poorer SRH at up to 8 years follow-up in patients with a very well-functioning 
transplanted kidney in CKD stages 1-2, but not in CKD stages 3-5.

Chapter 6 explored whether post-transplant anemia (PTA) is a predictor of mortality 
independently of kidney function according to CKD stages stratification. PTA in an early 
period after KT increased the risk of mortality independently of kidney function at up to 
10 years follow-up in CKD stages 1-2. Mild PTA predicted a 6-fold higher risk of mortality 
and severe PTA a 10-fold higher risk of mortality compared with no PTA in CKD stages 
1-2. However, patients with more advanced stages of CKD showed no association of mild 
PTA with mortality; on the other hand, severe PTA predicted a 10-fold higher risk of 
mortality in those with advanced stages of CKD.

Chapter 7 focused on the primary aim of this thesis: whether SRH, in an early 
period after transplantation, is a general predictor of mortality and graft loss at up to 10 
years follow-up in KT recipients. We found that chronic renal allograft dysfunction was 
associated approximately with a 4-fold higher risk of graft loss and new-onset diabetes 
mellitus after transplantation with a 3-fold higher risk of graft loss at up to 10 years follow-
up. Furthermore, average SRH was associated with a 3-fold higher risk of graft loss, and 
poor SRH with a 6-fold higher risk of graft loss at up to 10 years follow-up. Finally, we 
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found that average SRH shortly after transplantation was associated with a 4-fold higher 
and poor SRH with an 11-fold higher risk of patient’s mortality at up to 10 years follow-up. 

Chapter 8 presented the condensed outcomes of this study, discussed them, argued 
their strengths and weakness, suggested their implications for practice and offered new 
possibilities for further research. 

Stratification by time since KT helped for a better understanding (Chapter 4). When 
we compared associations between medical and psychological factors and SRH at follow-up 
stratified by time since KT (early – 1 year versus late – 2 years), new and improved outcomes 
were found in the late cohort as significant predictors of SRH at two years after KT. These 
outcomes were the number of late acute rejection episodes during the observation period 
as a medical factor and the change in transplantation-associated psychological distress over 
time as a psychological factor.

Stratification of the sample into two cohorts according to CKD stages (Chapters 5 and 
6) also contributed to a better understanding. We found a change in hemoglobin value over 
time to be an independent predictor of SRH at up to 8 years follow-up as well as mild and 
severe anemia as independent predictors of mortality at up to 10 years follow-up in a very 
well-functioning graft. However, no prediction of SRH at follow-up regarding a change in 
hemoglobin value over time was found in the advanced stages of CKD and no prediction 
of mortality at follow-up regarding mild anemia; only severe anemia was found to be a 
predictor of mortality in these advanced stages of CKD.

Improving long-term post-transplantation medical and non-medical outcomes should 
be a priority of the management of transplanted recipients in order to reduce morbidity 
and mortality risks. According to our findings from a single centre, further research based 
on SRH after KT covering national and international data would be essential to show SRH 
to be an independent predictor of the risk of mortality. It would be interesting to perform 
a similar study in the dialyzed population. These investigations might start with a very 
short, easy and significant question: “In general, would you say your health is: a) excellent, 
b) very good, c) good, d) fair, e) poor.” The answer the patient provides to this question at 
the beginning of a consultation would give a relatively precise idea of the risk the patient 
is running.
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Deze studie richt zich op de ervaren gezondheid (SRH) na niertransplantatie (KT), draagt 
bij aan het begrip van de rol van SRH en de determinanten ervan, alsmede van de rol 
van SRH en bloedarmoede als voorspellers van mortaliteit na KT tot tien jaar follow-up. 
In dit proefschrift werden verschillende doelen onderzocht. Het primaire doel was om de 
bijdrage van SRH te onderzoeken aan de voorspelling van overleving van de patiënt en van 
het transplantaat na KT. We bestudeerden a) de verbanden tussen socio-demografische, 
psychologische en medische factoren, en SRH (hoofdstukken 3-5), b) medische factoren, in 
casu bloedarmoede als voorspeller van sterfte onafhankelijk van de nierfunctie (hoofdstuk 
6), en c) SRH als een voorspeller van mortaliteit en van het verlies van het transplantaat na 
KT (hoofdstuk 7).

In Hoofdstuk 1 worden de belangrijkste variabelen van de studie geïntroduceerd. 
Bovendien is het basismodel met SRH, het verlies van het transplantaat en voorspelling 
van de sterfte die in dit proefschrift onderzocht zijn geformuleerd alsmede de vijf 
onderzoeksvragen.

Hoofdstuk 2 verstrekt informatie over de steekproef, gegevensbronnen, 
meetinstrumenten en statistische analysetechnieken die zijn gebruikt in de hoofdstukken 
3-7. 

In Hoofdstuk 3 werd de verandering in de tijd ten aanzien van de glomerulaire 
filtratiesnelheid (GFR) tussen de eerste meting en de follow-up vergeleken met het absolute 
niveau van de nierfunctie als een belangrijke voorspeller van SRH een jaar na de KT. We 
vonden geen significant verband tussen het absolute niveau van de nierfunctie in de derde 
maand na de succesvolle transplantatie en SRH na een jaar na de KT, maar tussen de 
verandering in de tijd van de GFR en SRH vonden we wel een significante samenhang.

In Hoofdstuk 4 werd de verandering in de tijd onderzocht met betrekking tot medische 
en niet-medische factoren die samenhangen met de SRH, en vergeleken met hun verband 
met SRH naar duur sinds transplantatie. Ook hier liet de verandering in de werking van het 
transplantaat in de tijd een significante impact op de SRH zien bij de follow-up in beide 
perioden; in dit hoofdstuk waren die periodes één jaar (vroeg cohort) en twee jaar (laat 
cohort) na een succesvolle KT. 

In Hoofdstuk 5 onderzochten we of een verandering in het hemoglobinegehalte in 
de tijd een voorspeller is van SRH gecontroleerd voor de fase van de chronische nierziekte 
(CKD). We vonden dat de verandering in nierfunctie in de tijd en de verandering in het 
hemoglobinegehalte in de tijd verband houdt met SRH over ten hoogste acht jaar follow-
up in getransplanteerde ontvangers met CKD stadia 1-2, maar niet bij patiënten met CKD 
fasen 3 - 5. Een afname van het hemoglobinegehalte over tijd voorspelde een slechtere SRH 
tot 8 jaar follow-up bij patiënten met een goed functionerende getransplanteerde nier bij de 
CKD stadia 1-2, maar niet bij de CKD stadia 3-5. 

In Hoofdstuk 6 is onderzocht of post-transplantatie anemie (PTA) een voorspeller is 
van sterfte, onafhankelijk van de nierfunctie op basis van een stratificatie naar CKD stadia. 
PTA in een vroege periode na KT verhoogde het risico op sterfte onafhankelijk van de 
nierfunctie tot 10 jaar follow-up bij de CKD stadia 1-2. Milde PTA voorspelde een 6-maal 
hoger risico op sterfte en ernstige PTA een 10-maal hoger risico op sterfte vergeleken met de 
afwezigheid van PTA bij de CKD stadia 1-2. Echter, bij patiënten met gevorderde stadia van 
CKD werd het verband tussen milde PTA en sterfte niet gevonden. Daarentegen, ernstige 
PTA voorspelde een 10-maal hoger risico op sterfte bij deze gevorderde stadia van CKD. 

In Hoofdstuk 7 komt het primaire doel van dit proefschrift aan de orde: de vraag of 
SRH, gemeten in een vroege periode na de transplantatie, een algemene voorspeller is van 
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het verlies van het transplantaat en van sterfte van de patiënt tot 10 jaar follow-up bij KT. 
We vonden dat chronische dysfunctie van de donornier is geassocieerd met een ongeveer 
4-maal hoger risico op verlies van het transplantaat; nieuw ontstane diabetes mellitus na 
transplantatie geeft een 3-maal hoger risico op verlies van het transplantaat tot tien jaar 
follow-up. Verder werd een ‘gemiddelde’ SRH geassocieerd met een 3-maal hoger risico op 
verlies van het transplantaat en een ‘slechte’ SRH met een 6-maal hoger risico op verlies van 
het transplantaat tot tien jaar follow-up. Tot slot vonden wij dat een ‘gemiddelde’ SRH kort 
na transplantatie is geassocieerd met een 4-voudig hoger risico en een ‘slechte’ SRH met een 
11 maal hoger risico op sterfte bij patiënten tot tien jaar follow-up.

In Hoofdstuk 8 zijn de uitkomsten van deze studie bediscussieerd. Besproken werden 
de sterke punten en beperkingen van deze studie en hun implicaties voor de praktijk, en de 
mogelijkheden die ze bieden voor verder onderzoek.

De indeling naar duur sinds de KT heeft bijgedragen aan een beter begrip (hoofdstuk 
4). Bij vergelijking van de verbanden tussen medische, psychologische factoren en SRH 
met naar tijdsduur sinds KT (vroeg - 1 jaar versus laat - 2 jaar) gestratificeerde follow-up, 
vonden we nieuwe en betere resultaten in het late cohort als significante voorspellers van 
SRH op het tijdstip twee jaar na KT. Dit betrof het aantal late acute afstotingen gedurende 
de observatieperiode als medische factor en de verandering van de aan transplantatie 
gerelateerde psychische distress na verloop van tijd als psychologische factor.

Stratificatie van de steekproef in twee cohorten op basis van CKD stadia (hoofdstukken 
5 en 6) heeft ook bijgedragen aan een beter begrip. We vonden een verandering in het 
hemoglobinegehalte in de tijd als onafhankelijke voorspeller van SRH op maximaal acht 
jaar follow-up, evenals milde en ernstige bloedarmoede als onafhankelijke voorspellers 
van sterfte tot tien jaar follow-up in een zeer goed functionerend transplantaat. Echter, er 
werd in de gevorderde stadia van CKD geen enkele voorspelling van SRH ten tijde van de 
follow-up gevonden met betrekking tot de verandering van het hemoglobinegehalte over 
tijd. Verder vonden wij in de gevorderde stadia van CKD zo goed als geen voorspelling van 
sterfte bij follow-up met betrekking tot lichte anemie; alleen ernstige anemie werd gevonden 
als voorspeller van sterfte in deze gevorderde stadia van CKD.

Het prioritaire doel van de behandeling na KT met betrekking tot de lange termijn post-
transplantatie medische en niet-medische resultaten zou gericht moeten zijn op een reductie 
van de risico’s op morbiditeit en mortaliteit. Volgens onze bevindingen  is verder onderzoek 
op basis van SRH na KT betreffende de nationale en internationale gegevens noodzakelijk 
om aan te tonen dat SRH een onafhankelijke voorspeller van het risico op sterfte is. In een 
gedialyseerde populatie zou het interessant zijn om een soortgelijk onderzoek uit te voeren. 
Dergelijk onderzoek zou kunnen beginnen met een zeer korte, eenvoudige en belangrijke 
vraag: ‘Hoe zou u over het algemeen uw gezondheid omschrijven?’ Het antwoord van 
de patiënt op deze vraag die iedere arts stelt aan het begin van een consult biedt een vrij 
nauwkeurig beeld van het risico dat de patiënt loopt.
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Táto práca je zameraná na seba-hodnotenie zdravia (SHZ) po transplantácii obličky (TO), 
doplňuje a umožňuje lepšie porozumieť vzťah medzi SHZ a jeho prediktormi a vzťah medzi 
SHZ a anémiou ako rizikovými faktormi mortality v longitudinálnom sledovaní do desať 
rokov. V tejto štúdii sme sa zamerali na viaceré ciele. Primárnou výskumnou otázkou bolo 
zistiť potenciál SHZ ako univerzálneho prediktora prežívania pacienta a  štepu po TO. 
Skúmali sme: a) asociáciu medzi socioekonomickými, psychologickými a medicínskymi 
ukazovateľmi  a SHZ (kapitoly 3 až 5),  b) medicínske faktory, konkrétne anémiu,  ako 
prediktory mortality nezávisle na funkcii TO (kapitola 6) a  c) SHZ ako prediktor straty 
štepu a úmrtnosti u pacientov po TO (kapitola 7).

Kapitola 1 uvádza hlavné premenné štúdie, predstavuje základný model štúdie 
pozostávajúci zo SHZ, straty štepu, úmrtnosti a ich nezávislých premenných a  taktiež 
formuluje 5 výskumných otázok. 

Kapitola 2 poskytuje informácie o skúmanej vzorke pacientov, celkových dátach a 
použitých štatistických analýzach, ktoré boli aplikované v kapitolách 3 až 7.

Kapitola 3 porovnáva zmenu glomerulárnej filtrácie (GF) v  čase oproti absolútnej 
hodnote GF počas úvodného vyšetrenia ako signifikantného prediktora SHZ rok po TO. 
Potvrdili sme, že absolútna hodnota GF v treťom mesiaci po TO nekorelovala so SHZ rok 
po TO, avšak zmena GF v čase predikovala SHZ rok po TO.

Kapitola 4 vysvetľuje zmeny v  čase v  medicínskych a  nemedicínskych faktoroch 
v súvislosti so SHZ, porovnáva asociáciu týchto premenných a SHZ v závislosti od času po 
transplantácii. V tejto kapitole sme potvrdili, že zmena funkcie obličky má signifikantný 
vzťah k  SHZ v  čase nasledujúceho vyšetrenia v  oboch periódach, t.j. jeden rok (skorá 
skupina) a dva roky (neskorá skupina) po úspešnej TO.

V  kapitole 5 sme skúmali, či zmena v hodnote hemoglobínu v čase je prediktorom 
SHZ kontrolovaného pre štádiá chronickej obličkovej choroby (CKD). V skupine, ktorú 
sme sledovali do osem rokov, sme potvrdili asociáciu medzi zmenou funkcie obličky 
a hodnotou hemoglobínu v čase a SHZ u pacientov v 1. a 2. štádiu CKD, avšak v skupine 
pacientov v  3.-5. štádiu CKD tento vzťah potvrdený nebol. Zníženie hemoglobínu v čase 
predikovalo zníženie SHZ do ôsmych rokov po TO u pacientov s dobre fungujúcim štepom, 
avšak v skupine pacientov so zhoršenou funkciou v štádiách CKD 3 až 5 tento vzťah nebol 
potvrdený.

Kapitola 6 objasňuje úlohu potransplantačnej anémie (PTA) ako prediktora úmrtnosti 
nezávisle na funkcii obličky stratifikovanej podľa štádií CKD. PTA v  prvom roku po 
TO zvyšuje riziko úmrtia nezávisle na funkcii štepu do desiatich rokov po transplantácii 
v skupine pacientov s  CKD štádiami 1. a 2. Stredná PTA v prvom roku po TO predikovala 
6-krát vyššie riziko úmrtia a ťažká PTA až 10-násobné riziko úmrtia v porovnaní s pacientmi 
bez PTA v skupine s CKD štádiami 1. a 2. U pacientov so zhoršenou obličkovou funkciou 
v 3.-5. štádiu CKD sme nedokázali významný vzťah medzi strednou PTA v prvom roku 
po TO a  mortalitou v  sledovaní do desiatich rokov, avšak ťažká anémia v  tejto skupine 
zvyšovala riziko úmrtia oproti pacientom bez PTA až 10-násobne.

Kapitola 7 bola zameraná na základnú výskumnú otázku tejto práce - či SHZ v skorom 
období (jeden rok) po úspešnej TO je všeobecným prediktorom mortality a  straty štepu 
v sledovaní do 10 rokov od TO. Potvrdili sme, že chronická dysfunkcia štepu počas prvého 
roku po TO 4-násobne zvyšuje riziko a diabetes mellitus 3-násobne zvyšuje riziko straty 
štepu v sledovaní do desiatich rokov po transplantácii. Navyše, stredné SHZ v prvom roku 
po TO bolo 3-násobne asociované s rizikom straty štepu a zlé SHZ až 6-násobne zvyšovalo 
riziko straty štepu v sledovaní do desiatich rokov. Záverom sme potvrdili, že stredné SHZ 
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v  skorom období po úspešnej TO je 4-násobne asociované a  zlé SHZ až 11-násobne 
asociované s rizikom úmrtia v sledovaní do 10 rokov.

Kapitola 8 prezentuje sumarizáciu výsledkov tejto práce, porovnáva ich s výsledkami 
iných prác, poukazuje na silné stránky, ale aj slabiny výskumu, uvádza dôsledky pre prax 
a ponúka nové možnosti pre budúci výskum.

Stratifikácia pacientov podľa času od TO pomohla zlepšiť interpretáciu a porozumenie 
výsledkov (kapitola 4). Keď sme porovnali asociáciu medzi medicínskymi parametrami, 
psychologickými faktormi a SHZ v čase nasledujúceho vyšetrenia v závislosti od času po TO 
(skorá – do jedného roka verzus neskorá – dva roky po TO) objavili sme nové signifikantné 
prediktory SHZ v skupine dva roky po TO. Bol to počet neskorých akútnych rejekcií štepu 
ako medicínsky faktor a zmena v čase v transplantácii asociovanom psychologickom distrese 
ako psychologický faktor.

Stratifikácia podľa štádií CKD (kapitola 5 a 6) taktiež pomohla zlepšiť interpretáciu 
vzťahov medzi premennými. Potvrdili sme, že zmena v hodnote hemoglobínu v čase bola 
nezávislým prediktorom SHZ v sledovaní do ôsmich rokov a stredná a ťažká anémia boli 
nezávislými prediktormi úmrtia v  sledovaní do desať rokov po TO v  skupine s  dobrou 
funkciou štepu (1.-2. štádium CKD). Avšak v skupine so zhoršenou funkciou štepu (3.-5. 
štádium CKD) sme nepotvrdili vzťah medzi SHZ v čase nasledujúceho vyšetrenia a zmenou 
hemoglobínu v čase, rovnako ani medzi mortalitou v sledovaní do desať rokov a strednou 
anémiou; len ťažká anémia ostala naďalej signifikantným prediktorom mortality v skupine 
so zhoršenou funkciou štepu.

Zlepšenie úrovne dlhodobej potransplantačnej medicínskej a  nemedicínskej 
starostlivosti by mala byť prioritou za účelom zníženia rizika v  súvislosti s morbiditou a 
mortalitou. Podľa našich poznatkov jedného pracoviska je potrebný ďalší výskum na 
potvrdenie SHZ po TO ako nezávislého prediktora mortality s obsiahnutím národných a 
medzinárodných dát. Takýto výskum by mohol byť prínosom aj v skupine dialyzovaných 
pacientov. Vo všeobecnosti by lekárske vyšetrenia pacientov mali vždy začínať krátkou, 
jednoduchou, ale veľmi významnou otázkou:  „Všeobecne povedané,  považujete Vaše 
zdravie za: a) výborné, b) veľmi dobré, c) dobré, d) dosť zlé e) zlé.” Odpoveď vykreslí 
pomerne presnú predstavu o možných aktuálnych rizikách pre pacienta.
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