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POPULAR SCIENCE SUMMARY OF THE THESIS 
Kidney disease is a “silent” disease, affecting patients with clinical symptoms in a late stage 

of the disease. The kidneys have several different tasks; regulation of fluid and electrolyte-

balance, correction of acid-base balance and production of erythropoietin which helps 

maintain adequate blood levels. The kidneys are also important for the calcium-phosphate 

and bone metabolism. Patients affected by chronic kidney disease in an advanced stage 

typically present with low hemoglobin, metabolic acidosis, Vitamin-D deficiency, low 

calcium-levels in the blood, excess water in the body, and fatigue due to accumulation of 

uremic toxins. The kidneys have an impressive reserve capacity, allowing healthy individuals 

with a normal kidney function to donate one of the kidneys, without any of the above 

symptoms. When the kidneys are affected by a disease however, such as diabetes, 

inflammatory kidney disease or hypertension leading to a decline in kidney function, 

symptoms and secondary effects become evident. Chronic kidney disease is associated with 

premature cardiovascular disease with an increased risk closely linked to every stage of 

kidney disease. Heart infarction, heart failure and sudden death are common in patients with 

kidney failure. Osteoporosis, fatigue, cognitive decline, muscle wasting, and depression are 

other common clinical manifestation of kidney failure. These manifestations are strongly 

associated with increasing age in the general population. Kidney failure is characterized by a 

faster acceleration of biological age. We do not know how different kidney failure treatments 

affect the rate of biological age decline  (i.e., biological ageing) or which method should be 

used to measure biological age in this patient population.  

 

The first study showed that the extent of comorbidity predicts patient survival after kidney 

transplantation, and it could serve as a pseudo-marker for biological ageing in the clinical 

setting. We found that the extent of comorbidity predicts patient survival with even higher 

sensitivity than the chronological age in elderly kidney transplant recipients. By using a risk 

score, Charlson Comorbidity index, we could identify patients with 4,6 times higher risk of 

death, ten years after transplantation. Thus, if the risk score is used preoperatively, the clinical 

pre-operative evaluation can be improved. By introducing an objective measurement, the risk 

of inadequate and subjective evaluation before kidney transplantation may be diminished.  

 

In the second study, we examined vascular ageing and the risk of cardiovascular events such 

as heart infarction, stroke, peripheral vascular disease, and death depending on extent of 

calcification in patients´ arteries. The coronary arteries were examined by computed 



   
 

   
 

tomography and one of the abdominal arteries (arteria epigastrica) was examined by a 

pathologist who graded the extent of calcification in the arteries. We found that moderate to 

severe calcification in arteria media predicted future cardiovascular events independent of 

other risk factors. Patients who were not eligible or did not receive a kidney transplant had a 

high burden of calcification in the coronary arteries and patient survival was very poor after 

ten years. As patients with minor or no calcification in arteria epigastrica at time of surgery 

had a very low risk for cardiovascular events and death it is possible to identify low risk 

patients by this method. 

 

In the third study, we investigated different methods of measuring biological age by using 

epigenetic clocks, phenoage and skin autofluorescence. We found that patients with kidney 

failure have an accelerated ageing compared to a population-based control group. We also 

found that whereas kidney transplantation (and almost restored kidney function) mitigated 

accelerated ageing, dialysis treatment did not. Our findings are consistent with the notion that 

kidney failure accelerates the biological ageing process.  

 

In the fourth study, we found that a circulatory DNA footprint of the gut bacteria genome 

indicates that patients with chronic kidney disease have an impaired intestinal integrity. 

Bacteria or fragments of bacteria may translocate into the blood which likely contributes to 

the low-grade inflammation common in this patient group. Kidney transplantation did not 

normalize the circulatory DNA footprint of the gut bacteria composition. 

 

Taken together, patients with advanced chronic kidney disease are characterized by signs of 

early vascular and biological ageing. Scoring of the extent of vascular calcification identify 

high- and low-risk patients after kidney transplantation. While kidney transplantation may 

mitigate age acceleration we found no signs of normalization of the circulatory DNA 

footprint one year after transplantation. Novel treatment strategies that target the gut 

microbiome and the vascular calcification process should be tested in patients undergoing 

kidney transplantation. 

 
 
 
 
 
 



 

 

ABSTRACT 
The aim of this thesis was to investigate the impact of biological ageing in patients with 

chronic kidney disease, the effect of kidney transplantation on biological ageing and long-

term outcome in patients with kidney failure. We used the national Swedish renal registry 

(SNR), ScandiaTransplant´s database YASWA, patient records and different methods to 

analyze biological ageing and circulatory microbiota to address this aim. 

In study I we included a national cohort of elderly kidney transplant recipients to 

investigate which preoperative risk factors are associated with 1, 5 and 10-year patient and 

graft survival. Kidney transplantation in the elderly is becoming more common worldwide, 

but a global standardized preoperative evaluation does not yet exist. All patients >60 years 

of age (n=747) which were transplanted in Sweden between 1st of Jan 2000 and 31st of Dec 

2012 were included, retrospectively. We found that 5-year patient survival was not inferior 

in patients ³70 years compared to patients 65-69 years and furthermore that Charlson 

comorbidity index (CCI) ³ 7 was associated with a 4.6 times higher risk of death after 10 

years compared to CCI<4 (chronological age excluded). The mortality risk was lower in 

patients with living donors and in female recipients. 

In study II we studied vascular ageing, measured as coronary artery calcification and 

medial calcification in arteria epigastrica as predictor of all-cause mortality and 

cardiovascular events (CVE) in 342 patients with kidney failure. Median follow up time 

was 6.4 years. Medial calcification was as good predictor as coronary artery calcification, 

for CVE and mortality. By dividing patients in groups of low or high grade of medial 

calcification we found significant differences in risk of CVE (5 % vs 28%) and death (1.6% 

vs 14.9%), 6.4 years after KT. 

In study III biological age was measured with skin autofluorescence, epigenetic clocks and 

Phenoage in three groups: patients with kidney failure receiving a LDKT, patients 

remaining in dialysis, and a population-based control group. We found signs of accelerated 

biological ageing in patients with kidney failure compared to the control group. This 

acceleration continued in patients remaining on dialysis but was mitigated in the patients 

receiving a KT corroborating the hypothesis of accelerated ageing in patients with kidney 

failure. 

In study IV we investigated the circulatory microbiome in patients with CKD stage 3-4, 

incident dialysis patients and in LDKT recipients. Gut dysbiosis seems to be more 

pronounced in incident dialysis patients than in patients with CKD stage 3-4 and LDKT 

recipients. Kidney transplantation did not restore circulatory microbiome, and the core 

microbiome remained essentially the same, one year after KT.  
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1 INTRODUCTION 
 
Chronic kidney disease is an age-associated disease and has a number of clinical 

manifestations associated with ageing in the general population 1. Patients with chronic 

kidney disease have a decreased life expectancy, starting at eGFR <60ml/min/1,7 m2, 

compared to the general population 2. This premature survival reduction is caused primarily 

by cardiovascular disease (CVD). At all stages of the disease, emphasis should be put on 

stabilization of kidney function and preventing progression as well as treatment of 

cardiovascular risk factors. The risk for cardiovascular disease and mortality is increased 

proportionally with decreasing kidney function 1,3. There are several existing or promising 

treatments for different causes of kidney failure, such as SGLT2-inhibitors in diabetic 

kidney disease (DKD) and CKD, GLP1-analoges in DKD, tolvaptan in adult polycystic 

kidney disease (ADPKD), budesonide in IgA-nephropathy, and complement-inhibitors in 

aHUS, IgA-nephropathy and C3 glomerulopathy.  

When all therapeutic options are exhausted and kidney failure is evident, 

focus should shift to offering patients the optimal kidney replacement therapy (KRT) to 

preserve physical function and longevity. A minority of patients referred to nephrology-

clinics are offered conservative treatment due to an advanced age, extensive comorbidity or 

personal preference. The goal, in the majority of cases, is to prolong survival and always 

improve quality of life in patients with kidney failure. Kidney transplantation (KT) provides 

superior patient survival compared to dialysis 2 . Unadjusted annual mortality in the KT 

group was 3.1 % and in dialysis-patients 19.9 %, in Sweden in 2020. Differences in the 

treatment groups exist; mean age in the transplanted group was 56 years vs 66 years in the 

dialysis group in Sweden 2020 (fig 1). As in most research fields, it is utterly important to 

adjust for confounders when comparing survival between treatment groups, and ideally, 

patients accepted for the waitlist but remaining in dialysis should be compared with 

matching patients receiving a kidney transplantation.  
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From an international perspective, waitlist times are relatively short in Sweden (median 

10.7 months if PRA<80%). This creates difficulties to include a sufficient number of 

comparable waitlisted (not transplanted) patients, given that survival analysis ideally should 

be performed after a long time-period. 

Kidney transplantation has become more common during the last decades globally, which 

in part reflects the increase of kidney failure in the world. In Sweden, patients ³70 years of 

age were not considered eligible for kidney transplantation before the year of 2000. Since 

then, an increasing number of KT in the elderly have been performed in the country (fig. 2). 

This increase in elderly KT recipients emphasizes the need for greater knowledge and better 

understanding of which factors influence outcome in elderly kidney transplant recipients. 

Considering the rise in mean age of patients receiving KRT overall in Sweden (fig1), the 

same rise is expected in the kidney transplant-group. 

Fig 1. Mean age by year during the period 1990 to 2021, stratified by treatment modality. 
Reprinted with permission from SNR. 
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Some may be concerned that an increase in transplantation to the elderly will result in 

longer waitlist time for other adult patients, or that younger patients may not receive a 

kidney transplant due to the allocation to elderly individuals. 

When analyzing data from SNR the last decades, evidence of this cannot be found. Waitlist 

times in all patients ³18 years who are not highly immunized (PRA<80%), did not increase 

(fig 3).  

 

0

20

40

60

80

100

120

140

160

180

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

60-64 65-69 70-74 75-79 80+ SNR 

Njurtransplantation hos mottagare > 60 år, i åldersstratifierade grupper.  Tidsperiod 2000-2019 

Fig 2 . Kidney transplant recipients above 60 years of age by year. 2000-2019, stratified 
by age-group. Data generated from the Swedish Renal Registry (SNR), printed with 
permission from SNR.  
 

Fig 3. National waitlist times (months) until transplantation, 2011-2020. Reprinted with 
permission from SNR. 
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During the year of 2005, when only six patients ³70 years received a KT in Sweden, the 

waiting time was similar to 2019, a year when 49 patients ³70 years of age received a KT 

(table 1). 

 
Despite an increasing number of transplanted patients ³ 60 years of age in Sweden, waitlist 

times remained essentially unchanged, due to a higher overall transplantation rate. During 

the early years of 2000, approximately 300 KT´s were performed annually in Sweden, 

which increased to approximately 450 transplantations annually during 2017-2019, before 

the Covid-pandemic (fig 4).  

 
 

Since the year 2000 the number of patients with a functioning graft has increased by 90% 

and patients in dialysis by 42 % in Sweden 4. Overall, patients with KT´s now constitute   

60 % of patients with KRT, in Sweden.  

Fig 4. Number of  transplants (kidneys) each year in Sweden, 1991-2020. In total (red 
bars), AD (deceased donor, blue bars), LD (living donor, yellow bars). Reprinted with 
permission from SNR. 
 



 

 9 

It is further encouraging that despite a significant higher number of prevalent KT patients in 

2020 compared to in 2000 (6224 vs 3350 patients) we do not see a corresponding rise in 

death censored graft loss, presented as yellow bars in fig 5. In 2020, only 107 of 6224 

patients lost their graft function which constitutes 1.7% of all kidney allografts according to 

data from SNR4. 

 
The annual mortality rate remained stable (around 3 %) the last 30 years in the transplanted  

 

The annual mortality rate remained stable (around 3 %) the last 30 years in the transplanted 

group, although mean age has risen from 47 to 56 years in the group during the same time-

period (fig 6), and a doubling of annually transplanted patients >60 years the last 15 years 

has occurred.  

Fig 5. Number of patients in Sweden with a functioning kidney graft at the end of each 
year (blue bars) and the number of grafts lost annually (yellow bars), 1991-2020. 
Reprinted with permission from SNR. 
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To conclude, the absolute number of death censored graft losses remains the same according 

to data from SNR, even though the number of KT patients living with a functioning graft has 

risen with 90 % the last 20 years. Annual mortality rates are essentially the same, despite an 

increase in mean age from 47 to 56 during the last 30 years. The introduction of 

transplantation to patients ³70 years after the year 2000, which constituted 10.5 % of the total 

percentage of transplanted patients in 2019, has not affected mortality, death censored graft 

survival or waitlist times in Sweden so far. These are truly great improvements and 

encourages us to investigate human ageing more to see if we can make further progress in 

patient survival and quality of life in the ESKD-population. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6. Annual mortality rate (%) in dialysis (red graph) and after kidney transplantation 
  (blue graph) during the last 30 years. Reprinted with permission from SNR. 
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Background 
 
Kidney transplantation and biological age 
 
Chronic kidney disease (CKD) leads to an increased risk of several diseases associated with 

ageing and share common features with the aging process. Osteoporosis, CVD, cognitive 

dysfunction, frailty, and depression are common in patients with ESKD, as in elderly 

patients in general. Accelerated vascular disease and muscle wasting are manifestations of 

premature ageing in CKD 5. The biological process of ageing seems to be accelerated in 

CKD. One contributing cause is diminished filtration of uremic toxins in patients with 

kidney failure which speeds up accelerated ageing through different processes. In addition, 

patients with CKD often suffer from a complex multimorbidity, which might act as a 

catalysator for biological ageing. Numerous studies have shown that patients with CKD 

have a higher mortality risk than the general population 2,6. The internal uremic milieu 

characterized by uremic toxins, inflammation, oxidative stress, hyperphosphatemia, 

disturbed circadian rhythm and sympathetic-vagal imbalance are potential pathophysiologic 

factors which may contribute to senescence and the progress of ageing in CKD patients 5. 

The uremic phenotype encompasses all the established hallmarks of ageing; i.e. genomic 

instability, epigenetic alterations, cellular senescence, loss of proteostasis, mitochondrial 

dysfunction, stem cell exhaustion, telomere attrition, deregulated nutrient sensing and 

altered intracellular communication 8 . Ageing has been described as a loss of physiological 

integrity leading to increased risk of death or impaired function and affects the function of 

all organs. It is a systemic process and impairs response to physiological stress 8, which 

probably partly explains why elderly are more vulnerable to surgery, acute complications 

such as infections and side-effects of medication, compared to younger patients. 

 Ageing leads to an accumulation of senescent cells in tissues. Senescent cells 

impose a growth arrest or cell cycle arrest, followed by a stop of replication of damaged or 

old cells. Senescent cells do not divide or go into apoptosis and seems to irreversibly go 

into replicative arrest. Premature senescence can be an adequate cell response to proteomic, 

genomic and epigenomic damage because it enables prevention of mutation accrual and 

development of cancer 9. Cellular senescence leads to reactive oxygen species (ROS) 

generation, metabolic shifts, increased protein-synthesis, and activation of senescence 

associated secretory phenotype (SASP). The activation of SASP leads to cellular secretion 

of factors leading to stem cell dysfunction and proteases which are damaging extra-cellular 

matrix molecules 13. The activation of SASP also leads to the secretion of pro-inflammatory 

mediators, cytokines, and chemokines which attracts immune cells.  
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The attraction of immune cells is of interest in the kidney transplant setting since allografts 

from elderly donors have a higher rejection rate than kidneys from young donors, 

independent of recipient age-group, according to data from the US including 108 000 KT 

recipients 10. A possible mechanism might be an accumulation of senescent cells in aged 

allografts, causing activation of SASP which attract immune cells to the graft. 

Accumulation of T-cells are seen in allografts with rejection. Aged allografts are also more 

vulnerable to ischemia-reperfusion injury caused by the donation and transplantation 

procedures. Donor age affects graft function at 1 year after transplantation 11. In addition, 

allografts from older donors usually have more interstitial fibrosis and tubular atrophy than 

allografts from younger donors which further supports the principle of “age-matching” of 

kidney allografts 12. Due to immune senescence, elderly recipients still have a lower 

rejection rate than younger recipients even though they often receive allografts from older 

donors 10. 

 With ageing, senescent cells accumulate in tissues and have been shown to be 

associated with several chronic burdens of lifestyle diseases 7,13. Identification and 

quantification of senescent cells is challenging, which limits the understanding of their 

association to ageing and disease 14. Biological age is a term often used by professionals in 

health care but is not well defined in the clinical setting. The term is sometimes used when 

a patient is the subject of a high-risk intervention, such as middle or high-risk surgery or 

intensive care to estimate patient prognosis in advance. If the sum of comorbidities and/or 

frailty can be used as a surrogate marker for biological age, risk evaluation can be more 

systematic by using a correct model compared to an evaluation based on the clinician´s 

personal experience. 

 During the Covid-19 pandemic, the susceptibility to severe disease and death 

was clearly increased in elderly, males, diabetics, ex-smokers, CKD, organ transplanted, 

obese, and in patients with CVD and hypertension 15,16. Immunosuppressive agents and 

organ transplantation were  prominent risk factors, not only for severe disease and death, 

but patients also had a higher risk of lack of humoral response after vaccination against 

Covid-19.  It has been argued that patients with an underlying low-grade inflammatory state 

due to chronic disease have an increased risk of entering the dangerous uncontrolled 

inflammatory response (cytokine-storm) because of the SARS-Cov-2 virus. This may in 

part explain the increased risk of severe disease and death in patients with CKD and other 

comorbidities 17. The Covid-19 risk of severe disease and death was clearly associated with 

CKD, and the risk increased with every stage of CKD 15.  It is also known that elderly >70 

years suffer from immune senescence affecting all types of immune cells, which make them 
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vulnerable to infections 18,19.  Patients receiving immunosuppressive treatment due to solid 

organ transplantation typically present a weaker immune response when vaccinated leading 

to weaker or absent protection after vaccinations 20,21. With every dose of repeated 

vaccination against Covid-19, there has still been an increase in antibody response in KT 

recipients in a sizeable group of patients 22,23. 

Even though KT recipients, and elderly, are at higher risk for infections and 

death due to infections compared to the general population the risk is still lower than for 

patients remaining in dialysis, according to a large-scale study from the US 19,24. This is 

important to keep in mind when evaluating elderly patients for KT, and when we advise 

elderly patients when choosing between dialysis and KT. 

 

Measurement of biological ageing 

Different individuals with the same chronological age display a range of biological ages. 

An individual who is 60 years old and physically active, fit, of normal weight, non-

smoking, practising healthy dietary habits and free from diseases, has a remarkably 

different appearance in the clinical setting compared to a patient with complex 

multimorbidity, being physically inactive, obese, and smoking even though they share the 

same chronological age. For the trained clinical eye this difference is clear and evident, but 

we usually do not measure this difference in a standardised or systematic way. We know 

that patients with at higher biological age are less resilient and more prone to complications 

after surgery and acute illness. We lack reliable clinical diagnostic tools or methods to 

measure this susceptibility as well as suitable intervention strategies. It is a goal in 

geroscience to find reliable biomarkers of ageing which can predict onset of disease, 

decline of function and death on an inter-individual level 25.  

Patients with a high biological age need swift diagnosis, intensive follow-up 

during acute illness, and prompt treatment when an impairment in the clinical condition is 

evident, due to their lack of margins. Early referral to intermediate or intensive care units 

might be of great importance in this population, to prevent a viscous circle of critical 

illness, for example septic shock leading to multi-organ failure and death. This would offer 

a possible way to improve outcome in patients with a high biological age. If a clinical tool 

for measurement of biological age was available, it could be used to identify vulnerable 

patients. In research a relevant biomarker of biological age could enable measurement of 

effects of interventions on biological age, at an earlier timepoint than when traditional hard 

endpoints are expected, such as cardiovascular events or mortality.  
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Epigenetic clocks 

In 2013, researchers at UCLA in the US and University of Sichuan in China, developed 

algorithms to measure biological age by analysing DNA-methylation (DNAm) patterns. It 

has become evident that methyl groups bind to our DNA at specific regions, following a 

specific pattern of hypo and hypermethylation, as time goes by 26,27. The accumulation of 

methyl-groups in our DNA regulates gene-activity. By developing algorithms, it became 

possible to calculate a person’s epigenetic age from samples from blood or tissue 25, 28-30. 

Steven Horvath who developed the DNAm clock (Horvath’s clock) proposed that “DNA 

methylation age measures the cumulative effect of an epigenetic maintenance system” 28. 

Since then, several epigenetic clocks have evolved, with the goal to develop a method 

which measures biological ageing and predicts morbidity and mortality with a higher 

precision than chronological age 31. 

In 2018, Levine el al 25 developed a second generation of DNAm clock, which 

included ten clinically relevant parameters in the process. Well established research 

cohorts, such as NHANES III and IV, the Framingham Heart Study (FHS), Women’s 

Health Initiative (WHI), the Normative Aging Study (NAS) and the Jackson Heart Study 

(JHS) were used in the development of the second-generation epigenetic clock, which 

showed a greater predictive value of mortality than the former Hannum and Horvath clocks 
25. In a first step, data from NHANES III and IV were used to develop a multisystem 

estimate of phenotypic age, so called “Phenoage”. Validation of the clinical markers´ 

association with all-cause mortality, cause specific mortality, physical function and co-

existing disease count was performed. The ten parameters with the strongest associations 

where then used to train a composite DNAm clock which incorporated the phenotypic 

parameters with the epigenetic clock, called DNAm Phenoage 25.  

 

Phenoage  

The parameters which showed the greatest association´s in the multisystem estimate were 

chronological age, serum-glucose, creatinine, C-reactive protein, albumin, alkalic 

phosphatase, red cell distribution width (RDW), red cell mean volume (RCV), leukocyte 

count, and lymphocyte percent. In the study by Levine el al 25, individuals that were 50 

years old and the fastest agers had a predicted lifespan of 81 years, average agers 83.5 

years, and slow agers 86 years, in a mortality prediction by DNAm Pheno Age. 

Importantly, DNAm Phenoage was associated with several pro-inflammatory pathways as  

increasing interferon (IFN) signaling, NF-Kappa B and in addition impaired DNA damage 

recognition and repair. IFN signaling pathways have been shown to be mediators in cellular 
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senescence and markers of DNA-damage 32 . This finding strengthens the concept of low-

grade inflammation being a driver of biological ageing 33-35. 

Levine el al 25 concluded however that Phenoage based on the ten clinical 

parameters alone, was more sensitive in prediction of mortality than combined in the 

DNAm Phenoage clock. They concluded that clinical parameters still serve as the best tool 

in clinical situations, but epigenetic clocks, and further development of them is valuable in 

research 25. DNAm clocks could also serve as an important tool when measuring the effect 

of various clinical interventions on biological age in children, extremely healthy individuals 

and young adults who do not present with elevated CRP, creatinine, serum-glucose etc. 
25,36. In a cross-sectional analysis, accelerated DNAm Pheno ageing was associated with 

smoking, systolic blood pressure, triglyceride, BMI, waist-to-hip ratio, insulin and CRP. 

Conversely DNAm Pheno ageing was negatively associated with educational level, a proxy 

of intake of fruit and vegetables, HDL-cholesterol, exercise and income 25 . 

 

Kidney transplantation and vascular ageing 

Atherosclerosis is independently associated with increased chronological age 37 and the 

progression of atherosclerosis in the general population is clearly age-associated. Vascular 

ageing is caused by progressive atherosclerosis, endothelial dysfunction, and arterial 

stiffness 37. Premature atherosclerotic plaque formation is a sign of biological ageing, since 

atherosclerotic plaques share common features with senescent cells, epigenetic changes, 

DNA damage and cells in growth arrest especially in vascular smooth muscle cells 38 . The 

activation of SASP leads to pro-inflammatory cytokine production and various other plaque 

destabilizing factors 39 . 

 The risk of cardiovascular events increases with declining kidney function 40. 

Progression of atherosclerotic disease is more rapid in dialysis patients than in the general 

population and compared to KT recipients 41-48. The cause is likely multifactorial and 

hemodynamic fluctuations caused by dialysis, fluid overload, uremic toxins, oxidative 

stress, down-regulation of inhibitors of calcification, chronic low-grade inflammation, gut 

dysbiosis and mineral bone disease disorder (CKD-MBD) may all contribute to the rapid 

progress of atherosclerosis and arteriosclerosis. CKD-MBD, high FGF23, 

hyperphosphatemia and Vitamin D deficiency is associated with CVD and mortality 46, 49-52. 

Hyperphosphatemia is a common finding when kidney function declines due to decreased 

urinary excretion of phosphate and hyperparathyroidism. Phosphate forms crystals with 

calcium, so called hydroxyapatite-crystals which contributes to progression of 

atherosclerosis. Calciprotein particles (phosphate, calcium, and certain proteins) affect 
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CKD-MBD, inflammation and cardiovascular disease 53. Conventional, so-called 

Framingham, risk factors contribute as well.  

Chronic kidney disease is associated with progression of coronary artery 

calcification 41 . The risk of cardiovascular events and mortality initially increases during 

the first three months after KT but thereafter decreases compared to staying on the waitlist 
42,54. After KT, kidney function usually improves significantly, hypertension and circulatory 

effects of dialysis normalize. Despite these physiological improvements, multiple studies 

have shown that patients undergoing KT increase their coronary artery calcification and 

aorta calcification after KT but at a slower rate than patients on dialysis 41,43,44,55-58  . It 

seems like Patients with pre-existing coronary artery calcification seem prone to continuous 

progress of calcification whilst patients with no signs of calcification at baseline can 

continue years without any calcification 41. The reason(s) for this are unknown. The intima 

vascular calcification associated with advanced atherosclerosis and calcification involving 

the muscular layer in medium and large-size vessels are considered to be caused by age, 

diabetes and CKD-MBD 59. Baseline coronary artery calcium-score (CAC), previous 

cardiovascular events (CVE), dialysis vintage, low 25 (OH) D3 levels and high or low 

turnover bone disease are associated with progression of CAC and aorta calcification after 

KT 56. There are modifiable risk factors as hyperphosphatemia, hypertension, 

hyperglycemia, dyslipidemia, smoking, albuminuria, and physical inactivity. In CKD 

patients and in KT recipient vascular calcification strongly predicts CV events and all-cause 

mortality, even stronger than conventional risk factors 41. 

Some novel risk factors or biomarkers associated with vascular calcification 

(VC) have recently been proposed. As an example, Vitamin K deficiency is associated with 

VC in CKD and is believed to be an independent risk factor 60. Moreover, emerging data 

suggests that Trimethylamine N-oxide (TMAO), a marker of gut dysbiosis which increases 

with decreased renal function, predicts all-cause mortality in CKD G 3-5 patients 61. A diet 

of red meat, egg, dairy and fish, contains carnitine, lecithin and choline, which gut bacteria 

use for production of the compound TMA, which is metabolized by hepatic 

monooxygenases (FMOs) to TMAO. Recent studies show that TMAO is associated with 

heart disease, progression of CKD, inflammation, colon cancer, diabetes, and 

atherosclerosis 61,62. A meta-analysis revealed an association with TMAO and major 

adverse cardiovascular events and death (MACE), independent of traditional risk factors 63.  

 Patients with CKD have an altered gut microbiota, compared to healthy 

patients 64. The uremic gut microbiota is typically less diverse and more pathogenic than 

gut microbiota in healthy patients. Published data have confirmed the association between 
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gut microbiota and TMAO´s association with cardiovascular events 64-84. A high value at 

baseline or an increase in TMAO over 10 years is associated with an increased risk of 

cardiovascular events (CVE) 67. It is however still not clear whether there is a causal link 

between TMAO and CVE or if it is only an association. In a Danish cohort of patients with 

diabetes type 1 (n=1159) with a median follow up time of 15 years, TMAO was associated 

with CVE independent of traditional risk factors 84. However, after adjustment for eGFR, 

the association was not evident anymore and the authors claim this might be explained by 

TMAO being a mediator of CVD through renal impairment or simply a marker of renal 

impairment.  

 In ESKD there is limited data on the association of TMAO with clinical 

outcome. In 2017 Shafi et al 75 found that a 2-fold increase in TMAO at baseline in ESKD 

was associated with CVE in hemodialysis patients, but the effect differed with race. 

Contradictory, in 2019 Stubbs et al 76 did not find any association between TMAO and 

CVE or all-cause mortality in hemodialysis patients with moderate-severe 

hyperparathyroidism. The relatively large cohort (n=1243) was enrolled from 22 countries 

and had a wide range of TMAO-levels. If TMAO is a mediator between gut dysbiosis, 

atherosclerosis progression of CKD and CVD this may offer novel possibilities for 

treatments targeting the microbiota 64-84, but data is so far conflicting 75,76 . 

 

Gut dysbiosis and ageing 

During the last decade, an increasing interest in the gut microbiota and its effect on health, 

disease and ageing has emerged. The gut microbiome colonizes the intestinal tract right 

after birth and is established in humans at the age of three. During childhood the microbiota 

changes in its abundance and composition 85. There are several different factors 

contributing to this change, as differences in geographical area, ethnicity, lifestyle, diet and 

between individuals. Extrinsic factors as diet and physical activity have an impact in life-

style related diseases such as diabetes, frailty, cancer, CVD and dementia, possibly partly 

mediated through the gut microbiota. The microbiota consists of viruses, bacteria, 

eukaryotes and archaea and the main four bacterial phyla are Bacteroides, Firmicutes, 

Actinobacteria and Proteobacteria 85. These four phyla constitute 98% of the 

microorganisms in humans. In healthy individual, the microbiota is dominated by 

Bacteroides and Firmicutes 64. The composition of microbiota over time is stable in 

individuals but can be altered due to changes in diet 86. The main functions of the 

microbiota are; 
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- protection from pathogens 

- absorption of food which generates vitamins and nutrients 

- preservation of the intestinal integrity which prevents gut leakiness 

- metabolizes fibers and are the sole producers of short chain fatty acids (SCFA) which are 

important for the gut integrity 

- essential for development and maturation of the immune system in the host 

- SCFA provides energy to the microbiota and inhibits the colonization of bacteria that are 

opportunistic and produces mucus 

- regulates host immunity 

 
Gut dysbiosis is associated with human ageing 85. Pro-inflammatory commensals enrich the 

gut, a process which competes with more beneficial gut microbiota, in elderly. Since this 

change has been observed in mice that are genetically homogenous and live under similar 

conditions, while being fed the same nutrients the change seem to be “intrinsic to the 

ageing process” 85.  

 

Patients with CKD have an altered gut microbiota, compared to healthy patients 64,87. A 

meta-analysis showed decreased abundance of Prevotella, Roseburia and Prevotellaceae 

and greater abundances of Streptococcaceae and Enterobacteriaceae, in CKD compared to 

controls 87. The uremic gut microbiota is typically less diverse and more pathogenic than in 

gut microbiota of healthy patients. Gut dysbiosis in CKD is caused by uremic toxins, 

increased urea and ammonia due to CKD, which leads to pathobiont overgrowth, decreased 

barrier integrity and increased inflammation 88,89,94. Bacterial fragments, including 

endotoxins translocate over the impaired intestinal barrier, causing low-grade inflammation 

and alterations of the immune system 89-91. Uremic toxins are produced in the gut, and a 

vicious cycle, called “the gut-kidney axis” further enhances disease progression 64,92. It has 

also emerged convincing evidence, that gut dysbiosis compromise host immunity 93 by 

affecting the innate and adaptive immune system. The transformation of a healthy gut 

microbiota to a dysbiotic state is typically seen in patients >70 years of age, which 

coincides with the age when immunosenescence occur 85. Especially frail humans display 

signs of dysbiosis, manifested as a reduction in beneficial microbes and in diversity of 

populations 85.  
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Kidney transplantation in elderly 

-incidence and survival  

Patients with ESKD are considered to have a higher biological age than non-CKD patients 5 

which is driven by low-grade inflammation, called “inflammaging”, oxidative stress and 

mitochondrial dysfunction 33-35. According to data from the Swedish Renal Registry the 

annual mortality-rate in dialysis patients is 19% vs. 3% after KT. However, the comparison 

between dialysis patients and KT recipients is affected by selection bias, since patients not 

eligible for KT due to extensive comorbidities, usually receives dialysis-treatment instead 

of KT.  

Nonetheless, in studies comparing survival in KT recipients compared to patients 

remaining on the waitlist, it has been shown that survival is superior after KT in all age-

groups 95. This survival benefit is evident in elderly KT recipients as well, but in some 

studies an increased risk for mortality during the first 1-2 years after KT has been    

observed 96,97. A majority of studies with sufficient population size and follow-up 

demonstrate, however, a survival advantage compared to waitlisted elderly patients 

remaining on dialysis 98-101. Donor type, living vs deceased, seems to have a significant 

effect on this survival-advantage 96, 102,103.   

Still, there is probably an upper age limit when KT no longer results in a survival 

advantage, or any other beneficial effect compared to staying on dialysis. Elderly patients 

are more vulnerable to surgical trauma, immunosuppression, infections, CVE, and 

postoperative complications 96,103-107. Studies have shown that health related quality of life 

is improved after successful KT in all age-groups 172, but the extended lifespan counted in 

years is shorter in the elderly, partly because of natural causes related to old age. There is 

still a beneficial effect on survival compared to dialysis even in patients ³70 years 97,108,109 . 

Kidney transplantation has increased in elderly worldwide during the last decades 
110,111. This reflects the increase in incidence and prevalence of ESKD. It also reflects the 

increased acceptance of older recipients for KT and the increased utilization of kidneys 

from older donors 108,109,112. In Europe, KT in patients ³75 years of age increased from 

0.8% in 2005 to 3.2% in 2009 112. The allocation of kidney allografts to the elderly during 

this period however varied in different countries in Europe. The annual percentage of 

dialysis patients ³75 years who received a KT was close to 0% in Slovenia, Denmark and 

Sweden and 4% in Norway during the years 2005-2014 112. The frequency of kidney 

allocation to elderly patients has subsequently increased in Sweden in recent years as in 

many other countries 4. In 2000 only 16 % of KT in Sweden were ³60 years compared to 

35 % by the year 2019. No patients ³70 years received a KT in Sweden in 2000, compared 
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to 10 % of the total number of transplanted in 2019 4. An improved preoperative evaluation 

as well as a better understanding of prognostic markers for clinical outcomes after KT is 

important in this growing and fragile elderly ESKD-population.  

Some studies have reported that elderly do not have the same access to the waitlist as 

younger patients 112 despite the absence of significant comorbid conditions. In a French 

study by Legeai et al 108 , inclusion of all patients ³70 years starting kidney replacement 

therapy (KRT) between 2002 and 2013 (n=41 716 patients), was conducted. The access to 

the waitlist in patients >70 years was 3%. Only 2% of all patients in KRT ³70 years were 

transplanted during follow-up. In the dialysis group, 20% did not have co-morbid 

conditions i.e., CVD or diabetes, but still did not get access to the waitlist. Diabetes, CVD 

and dialysis-vintage >2 years was associated with an increased risk for mortality after KT 

in this study 108. On behalf of European Renal Association-European Dialysis Transplant 

Association, Segall et al 113 authored a literature review and a position statement. It 

recommended that patients should not be excluded from the waitlist based on chronological 

age alone. Instead, factors like frailty, psychosocial issues and comorbidity scores should be 

included in the preoperative evaluation 113.  

 

The impact of donor age, frailty, and comorbidities 

Retrospective registry studies have shown a survival benefit in elderly KT-recipients 

compared to staying on the waitlist despite the increased use of extended criteria donors 

(ECD), according to United Network for Organ Sharing, (UNOS) criteria 98-100,114-117. Gill et 

al 96 demonstrated that postoperative mortality in patients ³65 years, compared to staying on 

the waitlist, varied greatly depending on type of donor in a large study (n=25 468). In patients 

transplanted with ECD kidneys, the postoperative mortality increased during the first 521 

days compared to patients remaining on the waiting list. Patients receiving standard criteria 

donor (SCD) kidneys had an increased risk during the first 368 days, and after living donation 

for 130 days postoperatively 96. Thus, outcome in older recipients is affected by donor type. 

The ECD definition has, however, been discussed since the age limit of 60 years by current 

contemporary standards is a relatively low age in donors compared to the mean age of 

deceased kidney donors in several Western countries 118-120. Elderly patients usually have less 

access to living donors, hence most recipients >60 years receive ECD-kidneys in Sweden, by 

UNOS definition 121.  

In a Polish national registry study from 2016 five-year patient survival in elderly KT 

recipients was inferior if donor age was ³65 years, even after adjustment for recipient age 
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122. Ideally, adjustment for recipient comorbidity should be done when comparing the effect 

of donor age on patient survival, since there might be a bias in the allocation process.  

Pippias el al 123 compared outcome in recipients in different age groups after 

transplanting kidneys from older deceased donors (55-70 years) in a European register-study. 

Since deceased kidney donors normally donate to two different recipients, outcome can be 

compared between recipients in different age groups who have received kidneys from the 

same donor. In this study patients were transplanted between 2000-2007 (n=1410). Kidneys 

from elderly donors transplanted to elderly recipients (³70 years) hade an acceptable graft 

function, only six months shorter after ten years compared to the graft function in the younger 

recipients. The result from several studies implies that kidneys from elderly deceased donors 

is a good resource which should be used to enable KT in as many as possible, especially to 

elderly patients with a shorter life-expectancy (so called age-matching). 

In some countries, kidneys from donors ³80 years are discarded. The favorable 

outcome among elderly patients receiving octogenarian kidneys compared to staying on the 

waitlist was confirmed in a study of 2585 patients ³60 years receiving a kidney transplant 

in Catalonia, Spain124. In the study 128 patients received a kidney from deceased donors 

³80 years. In patients (all ³60 years) receiving kidneys from deceased donors ³80 years 

compared to deceased donors 60-79 years, death censored graft survival after one and five 

years was poorer (86% and 64 % versus 93 % and 83 %). Adjusted risk for graft loss was 

1.55 times higher (CI 95%,1.00-2.38, P=0.048). Importantly, patient survival among the 

recipients with deceased donors >80 years was not inferior compared to recipients receiving 

kidneys from deceased donors 60-79 years (7% and 21 % vs 7 % and 23%, respectively, 

p=0.383). Mean age in recipients who received octogenerian kidneys were 71.8 ± 4.2 years, 

they had a greater burden of comorbidities, and the majority were males. 

What is even more important is that the study showed that patient survival compared to 

patients remaining on dialysis on the waitlist was significantly lower in groups with 

different donor age. In patients receiving grafts from donors 60-79 years (n=1084), adjusted 

hazard risk for mortality was 0.50 (CI 95%, 0.44-0.58, P<0.001) compared to patients 

remaining on dialysis and in recipients with donors ³80 years the adjusted hazard risk for 

mortality was 0.54 (CI 95%, 0.38-0.77, P=0.001) after 12 months. Moreover, a lower 

adjusted hazard risk was observed in females and in patients transplanted during 2001-2014 

compared to 1990-2000 124.  

Kidneys from older donors are associated with a lower graft survival, but they 

still offer a survival advantage in elderly KT recipients compared to dialysis, confirmed by 

several studies 115,125 .  Since patient survival and quality of life improves in the elderly 
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(³70 years) as well as in younger patients, it is reasonable to propose KT to elderly patients 

with ESKD, unless there are obvious contraindications. It is a difficult task, however, to 

evaluate and decide who is eligible for KT and who is too frail to tolerate surgery and 

immunosuppressive therapy in elderly patients. Frailty affects the risk of postoperative 

complications after KT, independent of other risk factors 126,127. 

 

Frailty by Fried 128  is based on following criteria. Each criterion gives one point: 

Criteria Explanation 

Weakness Grip strength below established cut off (lowest 20 % by sex and 

body mass index) 

Unintentional weight loss Self-reported weight loss (dry weight) > 4.5 kg during the last 

year 

Self-reported exhaustion  

Slowed walking speed Walking time/15 feet, slowest 20% (by sex and height), below an 

established cut off  

Low activity Kcal/week below an established cut off 

 
Frailty is defined by: 
Non-frail: 0 p 
Intermediate frail: 1-2 p 
Frail: 3-5 p 
 
Frailty has been associated with a higher risk of cognitive dysfunction, hospitalizations, 

mortality and lower quality-of-life in dialysis patients 129-132. However, frail patients did 

improve their health-related quality of life, even more than non-frail peers, after KT in a 

study including 443 KT recipients by McAdams-DeMarco et al 133. They also showed, in a 

multicentre study of 1975 patients that frailty did not add predictive value to a registry-

based prediction model for mortality 134. Interestingly, IL-6 and CRP as well as an 

inflammatory index substantially improved risk prediction of mortality 134. Frail patients 

were more likely to have elevated inflammation markers. The authors concluded that this 

helps to “clarify the accelerated ageing in ESRD and highlight easy-to-measure markers of 

increased waitlist mortality risk”. 

In addition to frailty, physical function should be evaluated preoperatively as well. It 

has been shown that physical function is predictive of patient survival after KT 135-138. At a 

certain biological or chronological age, the risk is probably outweighing the beneficial 

effects of KT. If a patient´s excepted lifespan is <2 years, no matter what reason, this has 

traditionally been a reason to refrain from KT. If an advanced chronological or biological 
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age makes it unlikely that the patient survives more than two years, it is best to decline KT. 

It has been suggested that if we push the age and comorbidity-limit in elderly KT recipients 

further, we may eventually lose the advantage of KT. The scarcity of donors and organs 

makes it necessary to continuously reevaluate and question kidney allocation principles. On 

the other hand, the increasing mean lifespan and improved health in many populations in 

the world 139 might entail the need to expand the upper age limit for KT. Consequently, 

knowledge of which preoperative clinical factors that influence KT outcome in the elderly 

is of vital importance. This would improve the possibility for accurately deciding which 

patients will likely benefit from KT and which probably would do better by remaining on 

dialysis. 

It is likely that the estimated biological age of KT recipients could predict outcome 

after KT in a more precise manner than chronological age. The term “biological age” refers 

to a combination of the chronological age of an individual and epigenetic changes due to 

allostatic overload. Allostatic overload, or the wear and tear of the body, is caused by 

different factors for example lifestyle burden, inflammation and oxidative stress due to 

chronic diseases, such as uremia, cardiac failure, diabetes mellitus and others 36,140,141.  

Risk score models, which are proven to be accurate enough, have the potential to 

enhance equality in health care by eliminating possible discrimination based on personal 

experience or preference of the clinician. Already existing risk scores may be good enough 

to motivate a more widespread use in clinical settings, after thorough evaluation in the 

patient cohort of interest. Preoperative prognostic risk scores have been developed which 

may increase the precision of risk factor evaluation in KT to elderly. Specifically, the 

Charlson Comorbidity Index (CCI) and the Framingham risk score (FRS) have been 

evaluated in earlier studies 127, 142-147. The FRS measures the risk level of developing 

coronary artery disease over 10 years but it may underestimate the true cardiovascular risk 

in KT patients 147 .The risk factors included in FRS are age, systolic blood pressure, sex, 

diabetes, smoking, total cholesterol and high density lipoprotein cholesterol (HDL). The 

CCI is a well-established risk index for prediction of 10-year mortality in patients with 

comorbidities 192-194 and has been used in various clinical settings. It was developed by Dr 

Mary Charlson, professor of Medicine at Weill Cornell Medical College, in 1987.  
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Table 1. Charlson Comorbidity index (age extracted)  

 

            
                                                                                                                                         

Nation-specific factors might affect the outcome of KT, especially in vulnerable patients. 

For example, varying access to organs from living or deceased donors, cold ischemia time 

and donor-kidneys with variable quality affect patient and graft-survival. Allocation 

principles and the transplant centers tolerance for accepting transplantations despite donor 

specific antibodies (DSA), may also have an effect on outcome. It is preferable to evaluate 

the outcome of KT in different clinical settings, in the country of interest, and not solely 

rely on data from other countries without having the above factors in consideration. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Medical condition Yes No

Myocardial infarction 1 p 0

Cardiac heart failure 1 p 0

Peripheral vascular disease 1 p 0

Cerebrovascular accident or TIA 1 p 0

Dementia 1 p 0

COPD 1 p 0

Connective tissue disease 1 p 0

Peptic ulcer diseas 1 p 0

Liver disease Mild:1 p Moderate-severe: 3 p 0

Diabetes mellitus Diet-controlled: 0 p Mild:1 p 
End organ damage: 2 p

0

Hemiplegia 2 p 0

Chronic kidney disease Moderate-severe: 2 p 0

Solid tumor Localized: 2 p Metastatic: 6 p 0

Leukemia 2 p 0

Lymphoma 2 p 0

AIDS 6 p 0
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2 RESEARCH AIMS 
 
The overall aim of this thesis was to investigate the impact of biological ageing in patients 

with kidney failure receiving a KT. We also studied the effect of KT on accelerated 

biological ageing and compared changes with patients remaining on dialysis. 

 

The specific aims were to: 

1) Evaluate chronological age and biological age as risk factors for patient and graft 

survival after KT in patients ³60 years in Sweden (study 1). 

 

2) Investigate if the degree of vascular ageing is associated with choice of KRT and 

study the impact of vascular ageing on CVD and mortality in patients with kidney 

failure (study 2). 

 

3) Investigate if patients with kidney failure suffer from accelerated biological ageing 

compared to a population-based control group and compare the impact of KRT (KT 

vs dialysis) on biological ageing (study 3). 

 

4) Measure and compare circulating microbiome in patients in different stages of CKD 

and investigate the impact of KT on the microbiome (study 4). 
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3 MATERIALS AND METHODS 
3.1 OBSERVATIONAL STUDY OF RISK FACTORS ASSOCIATED WITH 

OUTCOME AMONG ELDERLY KIDNEY TRANSPLANT RECIPIENTS IN 
SWEDEN - A DECADE OF FOLLOW-UP 

 
Study design: In this retrospective observational study (study 1) we analyzed the impact of 

chronological age and risk factors for patient and graft survival in all elderly kidney 

transplant recipients (n=749) ³60 years of age, transplanted between the years of 2000 to 

2012, in Sweden (Fig 1). All transplant centers (Stockholm, Gothenburg, Uppsala and 

Malmö) in Sweden participated. Data was collected from patient files, SNR and 

Scandiatransplant´s database and coded in an electronic CRF by transplant physicians or 

research nurses at the respective centers. 

To enable clinically relevant comparison between age-groups we stratified 

patients in three groups: 60-64 years, 65-69 years and ³70 years. Primary outcomes were 

patient and graft survival in age-stratified groups. Secondary outcome was risk factors for 

10-year patient and graft survival in this elderly kidney transplant recipient group. Points of 

interests were age, sex, BMI, cause of CKD, living or deceased donor, donor age, donor 

sex, CMV-status in recipient and donor, months on waitlist prior to transplantation, months 

on dialysis prior to transplantation, comorbidities measured with CCI-score, immuno-

suppression, induction, cause of death, occurrence of biopsy proven acute rejection (BPAR) 

and post transplantation diabetes mellitus (PTDM) during follow up. Scandiatransplant´s 

database YASWA was used to collect data concerning donor age, sex, CMV-status, living 

or deceased donor and months on waitlist prior transplantation. The Swedish renal registry 

(SNR) was used to collect data concerning months on dialysis prior to transplantation (or 

preemptive transplantation) and cause of CKD. Patient files or local registries at individual 

transplant centers were utilized to collect data on immunosuppressive treatment, induction, 

occurrence of BPAR, patient and graft survival, creatinine, debut of PTDM and pre-

transplant Charlson comorbidity index (CCI).  

Charlson comorbidity index was based on all 19 criteria; myocardial 

infarction (1p), congestive heart failure (1p), peripheral vascular disease (1p), 

cerebrovascular accident or TIA (1p), dementia (1p), hemiplegia (2p), COPD (1p), 

connective tissue disease (1p), mild liver disease (1p), moderate-severe liver disease (3p), 

diabetes mellitus none or diet-controlled (0p), diabetes mellitus uncomplicated (1p), 

diabetes mellitus with end-organ damage (2p), solid tumor none (0p) localized (2p) 

metastatic (6p), leukemia (2p), lymphoma (2p) and AIDS (6p). All patients had severe 
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CKD and obtained thereby 2 points. However, age was not included in the calculation of 

CCI, since we analyzed patients in age-stratified groups. 

 

Figure 1. Study design  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
Post transplantation diabetes mellitus was diagnosed according to American Diabetes 

Association (ADA) criteria. Kidney biopsies were performed on clinical indication only 

and there were no control biopsies. The diagnosis of acute rejection was based on biopsy 

proven acute rejections classified according to Banff-criteria. To enable analysis of the 

impact of moderate-severe acute rejections and mild rejections separately we divided 

BPAR in two groups; borderline + Banff IA and Banff IB-Banff III when statistical 

analyses were performed. 

 

Statistical analysis: Statistical significance was set at a p-value of <0.05. Kaplan-Meier 

curves were used in univariate models and patients were censored after 10 years of follow-

up, time for graft failure or death. Cox multivariate regression analysis was used to control 

for and analyze confounding factors for patient and graft survival. Nonparametric Wilcoxon 

test was used for skewed continuous variables, t-test for normally distributed variables and 

Fisher´s test (chi-square test) was used for nominal variables when comparisons between 

747 Kidney transplant recipients ³ 60 years in Sweden, 2000-2012 
At baseline: Sex, age, order of graft, living or deceased donor, 
origin, cause of CKD, donor sex and age, CMV-status in recipient 
and donor, BMI, other organ transplant, preemptive 
transplantation, time on waitlist, dialysis vintage, comorbidities at 
baseline, CCI-score, induction therapy 

1 year follow up 
 
-creatinine, patient 
survival, graft survival, 
immunosuppression, 
occurrence of PTDM  

5 years follow up 
 
-creatinine, patient 
survival, graft survival, 
immunosuppression, 
occurrence of PTDM 

10 years follow up 
 
-creatinine, patient 
survival, graft survival, 
immunosuppression, 
occurrence of PTDM 

At all timepoints:  
 
-Biopsy proven acute 
rejection, classification 
of BANFF, graft and 
patient survival, date, 
cause of death 
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two groups were assessed. Patients lost to follow-up were censored (n=14). Software SAS 

version 9.4 and STATA 16.1 were utilized to perform statistical analyses. 

 

Ethical considerations: Ethical approval was received from the Regional Ethics 

Committee of Gothenburg. All personal data was coded when collected in the CRF and no 

individual can be identified from the analyses or results. The study was conducted in 

accordance with the Helsinki declaration as revised in 2013. All activities in and associated 

with the study was consistent with the Principles of the Declaration of Istanbul as outlined 

in the “Declaration of Istanbul on Organ Trafficking and Transplant Tourism”. At each 

center one transplant physician and research nurses were involved in the process of 

gathering all data. Individual data was handled with strict confidentiality.  
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3.2 SCORING OF MEDIAL ARTERIAL CALCIFICATION PREDICTS 
CARDIOVASCULAR EVENTS AND MORTALITY AFTER KIDNEY 
TRANSPLANTATION 

 
Study design: In this prospective cohort study (paper 2), which included 342 patients who 

started kidney failure replacement therapy. All patients came from Stockholm. Coronary 

artery calcification (CAC) score and aorta valve calcification score were measured by 

computed tomography examinations. We included 102 patients who remained on dialysis 

(CKD G5D), 81 patients received a KT from a deceased donor (DDKT) and 159 patients 

received a KT from a living donor (LDKT). No patients were excluded. The study protocol 

is schematically presented below (fig 1).  

Figure 1. Study design 

 

 
 

The aim of the study was to investigate the impact of medial arterial calcification in patients 

with kidney failure and compare it with CAC and AVC in LDKT patients. Coronary artery 

calcification consists of a mix of intimal and medial calcification. The extent of medial 

arterial calcification was graded in biopsies from arteria epigastria. Primary outcomes were 
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CVEs and all-cause mortality. We also investigated the ROC of CAC in a larger cohort 

(CKD G5, n=102; DDKT, n=81 and LDKT, n=159) to establish a clinically relevant cut-off 

value to predict cardiovascular events in patients with kidney failure treated with different 

modalities of KRT. We performed subgroup analyses of the relative risk of CVEs and 

death, adjusting for Framingham risk score and type of KRT.  

Patients who remained on dialysis (CKD G5D, n=102) were either not evaluated for KT, or 

not accepted to the waitlist, or accepted but not transplanted before their death. Removal 

and biopsies of arteria epigastrica  were performed during LDKT (fig.2).  

                                                                                                                                                

            
                                                                                                                                                                                                              

The extent of media calcification was graded by an experienced pathologist as none, mild, 

moderate, or extensive (Fig. 3). To obtain useful results, we created two groups of patients 

1) no media calcification + mild media calcification and 2) moderate + severe media 

calcification. Staining of the arterial wall was performed with the von Kossa staining before 

microscopic evaluation. CAC-score and AVC were determined by computed tomography 

of the heart, in Agatston score (AU). 

 The CAC-score was divided in groups; 0-100, 101-200, 201-400 and >400 AU. A 

cardiovascular event was defined as either: acute myocardial infarction (AMI, NSTEMI), 



 

32 

onset of ischemic heart disease requiring PCI, transitory ischemic attack (TIA), stroke, 

aorta valve stenosis requiring surgery or peripheral vascular ischemia during follow-up. 

Three patients lost to follow-up (moved abroad) were censored. 

 

Statistical analysis: Statistical analyses were done using SAS version 9.4 and STATA 

version 17.0. Wilcoxon test (non-parametric) for comparisons between two groups for 

skewed continuous variables and Fisher´s exact test and Chi-square test for nominal 

variables were performed. Student´s t-test for normally distributed variables used. Kaplan-

Meier survival curves for unadjusted survival analysis and Cox multivariate proportional 

hazard models for relative risks for CVE and all-cause mortality for one standard deviation 

(1-SD) increase of Framingham risk score (FRS) and hsCRP were analyzed. We also 

adjusted for sex, age, diabetes mellitus, hsCRP, treatment modality (CKD G5D, DDKT, 

LDKT) and  protein energy wasting (PEW), one at a time and adding confounders stepwise 

in different models. The stepwise procedure was performed to find and exclude possible 

confounders to optimize precision. We also investigated baseline differences in CAC-score 

to further compare the subgroups (CKD G5D, DDKT and LDKT).  

 

ROC-curve analysis for CAC-score and age as predictor of CVE and all-cause mortality 

was performed. ROC is an abbreviation for receiver operating characteristics and can be 

utilized to investigate a threshold’s ability to discriminate. The ROC-curve shows the trade-

off between sensitivity and specificity. A perfect test would have 100 % sensitivity and 100 

% specificity, which means that the test identifies or predicts all cases (100% sensitivity) 

without any false negative cases (100% specificity). If that would be the case, the area 

under the curve (AUC) would be equal to 1. The closer to the left upper corner, the better 

performance and the closer to 1. Usually, an AUC between 0.8-0.9 would be considered an 

excellent predictor or test, an AUC between 0.7-0.8 acceptable, and an AUC of 0.5 suggest 

no discrimination. When the threshold is decreased, we get more positive values thus it 

increases the sensitivity and decreases the specificity. Similarly, when the threshold is 

increased, we get more negative values leading to higher specificity and lower sensitivity. 

We decided to try to determine which threshold of CAC-score is the best discriminator, or 

best predictor for CVE and all-cause mortality, in patients with kidney failure. 

 

Ethical considerations: Written consent was obtained from all patients who participated in 

the study. The Swedish Ethical Review Authority approved the study and all research 

activities related to the study were in accordance with the Helsinki Declaration and the 
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Principles of the Declaration of Istanbul as outlined in the “Declaration of Istanbul on 

Organ Trafficking and Transplant Tourism.” Biopsies from arteria epigastria were taken 

from a part of the vessel which is removed to obtain access to the urinary bladder during 

kidney transplantation according to routine. The procedure does not add any risk or harm to 

the patient during surgery. 
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3.3 ACCELERATED UREMIC AGEING IS MITIGATED AFTER KIDNEY 
TRANSPLANTATION, BUT NOT DIALYSIS 
 
Study design: In this prospective cohort study we investigated three different methods to 

measure biological ageing in patients with CKD 3-5, KT recipients and a population-based 

control group. We compared the biological age in patients with CKD 5 who either started 

dialysis or received a KT, at baseline and one year after start of dialysis/transplantation 

using epigenetic clocks (DNA methylation). Two other methods were used to estimate 

biological ageing:  Skin Autofluorescence (SAF) and phenotypic age (Phenoage). 

 

 
 

Skin autofluorescence (SAF) was measured using the Autofluorescence AGE readerTM 

(DiagnOptics Technologies BV, Groningen, The Netherlands). The method measures 

advanced glycation end products (AGEs) and is noninvasive. SAF has been shown to be 

associated with mortality in patients with CKD. SAF has furthermore been suggested as a 

potential marker of “cumulative metabolic stress” as AGEs increase during oxidative stress 

and hyperglycemia 148. AGEs are at least partly excreted renally, and levels increase in 

CKD 149. A spectrometer generated excitation light and the emitted fluorescence reflected 

from the skin was measured guarded from surrounding light. The excitation light had the 

wavelength between 300 and 420 nm. To calculate SAF the ratio between the average 
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intensity of emitted light is divided by the average intensity of excited light. This is 

multiplied by one hundred, expressed in arbitrary units (AU). The formula SAF age= (SAF 

– 0.83) / 0.024 is used to calculate an estimation of biological age 148,150,151.  

 

Phenotypic age is an estimate for biological age based on ten parameters; chronological 

age, creatinine, serum-glucose, albumin, CRP (log), mean red blood cell count (RBC) 

volume, lymphocyte percent, alkaline phosphatase, white blood cell count and RBC 

distribution width (RDW) as described earlier 25  and is described extensively in the 

background. 

 

DNA methylation was measured from blood samples in forty-seven subjects, taken at 

baseline in the in all patients, and one year after kidney transplantation in the CKD 5 and 

LDKT group. By using QIAamp DNA blood maxi kit, DNA was isolated and then treated 

with bisulfite with EZ-96 DNA Methylation kit as recommended by manufacturer´s 

protocols. The Illumina Infinium HumanMethylation450K BeadChip was used to measure 

whole-genome DNA methylation. The Illumina IDAT files using R v.4.0.0 was used to 

calculate the percent methylation at each locus (beta values) as done previous 152. Beta 

values were used to calculate epigenetic age by the Horvath 28,29, Hannum 30 and Phenoage 
25 clock. In addition, we constructed a composite epigenetic clock, which combined the 

results from all the clocks in to one. Absolute errors (discrepancy from chronological age) 

were calculated.  
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Figure 1.  Box plot of age acceleration (difference between chronological age and DNA 

methylation age) in the control group, in the different epigenetic clocks. The composite 

clock has a median absolute error of 3.6 years and a maximum error of 8.1 years (i.e. lower 

than in the individual clocks). 

                           
Statistical analysis: 

Differences between groups were analyzed with Kruskal-Wallis test. Chi-squared test was 

used for comparisons between groups for nominal variables. Statistical significance was 

considered when p >0.05 and p-values were not adjusted for multiple comparison. Results 

were expressed as median and IQR. Spearman´s rho test was used to analyze correlations 

between SAF age, phenotypic age and chronological age. For statistical analysis Stata 

version 17.0 (Stata Corporation, College Station, TX, USA) and SAS statistical software 

(Version 9.4; SAS Institute, Inc., Cary, NC, USA) was used and for analysis of DNAm age 

Microsoft Excel 365, R v.4.0.0 and Minitab 20.3. One-way ANOVA with Tukey’s test 

were used for p-values and adjusted p-values for differences between the transplant 

recipients, dialysis and control patients. Shapiro-Wilks’s test confirmed normality in 

distribution of the age acceleration. When comparing values for the same patient across two 

timepoints a paired t-test was used. 

Ethical considerations: The Swedish Ethical Review Authority approved the study. All 

patients included in the study gave their consent to participate. All activities in the study 

were in accordance with the Principles of the Declaration of Istanbul and the Helsinki 

Declaration.  
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3.4 A CIRCULATORY FOOTPRINT OF THE CORE MICROBIOME DOES NOT 
NORMALIZE AFTER KIDNEY TRANSPLANTATION  
 
Study design: In this prospective observational study we measured the circulatory 

microbiome in patients with CKD 3-4 (n=10), incident dialysis patients (n=10) and in 

LDKT patients (n=50) at baseline, and 1 year after KT. The aim was to compare the 

circulatory footprint of gut microbiota and degree of dysbiosis in various stages of CKD 

and examine the impact of a KT on gut dysbiosis/the circulatory microbiome. We used 

amplicon sequency variety (ASV) to investigate the microbiome of bacteria or fragments of 

bacteria in the circulation, as a reflection of impaired intestinal permeability in CKD 

patients.  

Patients were recruited from ongoing studies at Karolinska University Hospital Sweden. In 

the longitudinal part of the study of LDKT, patients received standard immunosuppressive 

regime; tacrolimus, mycophenolate, and prednisolone according to the protocol of 

Department of Transplantation, Karolinska University Hospital, during the year of follow 

up. Blood samples were collected after one overnight fast and levels of hemoglobin, 

calcium, phosphate, iPTH, hsCRP, creatinine, betaine, choline, TMAO, total-cholesterol 

and triglyceride were analyzed.  

By using a DNA purification kit (MaxwellR 16 Blood DNA Purification kit, Promega) 

DNA was extracted from leukocytes collected from peripheral blood from the patient 

cohorts. Quantification of DNA was performed by using the high Sensitive DNA Qubit 

system (TermoFischer, Paisley, UK). Primers were added, specific for the V3-V4 regions 

of bacterial 16S and then amplified using Kapa Biosystem; Wilmington, MA, USA. The 

amplification is performed to make the microbiome detectable. The indexed libraries were 

purified and quality controlled. Negative control samples were run to control for reagent 

contamination. Amplicon sequence variants were identified a total of 1348 ASVs. When 

generating the phylogenic tree, the SILVA132 reference database was used to classify the 

assigned taxonomy for the ASVs. 

 

Statistical analyses were performed in R, using the combined ASVs with their taxonomy 

and abundance tables. Pielou´s evenness, Shannon entropy, and rarefied richness were used 

to measure alpha diversity, which is a term for the abundance and variety of organisms in a 

community. The beta diversity is a measure of sample dissimilarities and quantifies 

differences in the overall taxonomic composition between two samples. The Bray-Curtis 

distance measure and PERMANOVA analysis was performed to investigate beta diversity. 

Core microbiota was determined by using the R´s microbiome package 153,154. To 
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investigate how much environmental pressure affected the communities, a process called 

determinism, the Nearest Taxon Index (NTI) was analysed 155. A NTI <2 indicate that the 

natural competition drives the community assembly whereas an NTI >2 indicate 

deterministic processes influencing the communities. The picante package was used to 

determine NTI 156. Another method for analysis of the assembly process establishing 

community structure is Quantitative process estimates (QPE). This method breaks down the 

assembly mechanism in selection, dispersal, or drift. Dispersal limitation, homogenizing 

dispersal and ecological drift are stochastic processes in nature, whereas homogenizing 

selection and variable selection are characterized as being deterministic processes 157,158. 

 

Ethical considerations The Swedish Ethical Review Authority approved the study. All 

patients gave their consent to participate, by written and oral informed consent. All 

activities in the study were in accordance with the Principles of the Declaration of Istanbul 

and the Helsinki Declaration.  
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4 RESULTS 
4.1 OBSERVATIONAL STUDY OF RISK FACTORS ASSOCIATED WITH 

CLINICAL OUTCOME AMONG ELDERLY KIDNEY TRANSPLANT 
RECIPIENTS IN SWEDEN - A DECADE UP FOLLOW UP 

 
Main results: 
 
We included 747 patients  ≥60 years of age, receiving a KT in Sweden during the period 

2000 to 2012. In addition to the primary and secondary outcomes discussed in the method-

section, we investigated if elderly KT recipients (≥70 years) had inferior patient and graft 

survival at 1, 5 and 10 years after KT compared to the younger patients (60-64 and 65-69 

years). We investigated other potential risk factors that could affect outcome. Median age in 

the study was 64 years (range 60-78 years), 67 % were male, 91 % received their first KT 

and 12 % had prevalent diabetes nephropathy. Median CCI-score (age excluded) was 3 

(interquartile range (IQR) 2-5) in all three age-groups. Median follow-up was 7.9 years 

(75th quartile 10 years, 25th quartile 6.1 years). 

 

The main findings were: 

1)  Patient survival at 10 years was 65%, 56% and 44% in the age-groups 60-64 years, 65-69 

years and  ≥70 years, respectively (Fig.1). 

2)  Kidney transplant recipients ≥70 years did not have a significantly higher patient 

mortality after 1 and 5 years compared to patients 65-69 years (Fig. 1). This was 

confirmed in a Cox regression hazard analysis, adjusted for the same variates as in fig 2. 

3)  There were no differences in CCI between age-groups (Table 1). 

4)  CCI ≥7 vs < 4 (age excluded) identified patients with 4.6 times higher risk of all-cause 

mortality after 10 years (HR 4.57 CI 95% 2.42-8.62, p=0.0001) (Fig. 2). 

5)  Males had a higher adjusted hazard risk for mortality after 10 years compared to women 

(HR 1.39; CI 95% 1.04-1.86, p=0.024). 

6)  LDKT patients had a lower adjusted hazard risk for 10-year patient mortality (HR 0.64 

CI 95% 0.42-0.99, p=0.049) despite having the same median CCI-score as DDKT patients 

(Figure 2). 

7)  Death-censored graft survival was 78% at 10 years. There were no significant differences 

in death-censored graft survival between age-groups. 

8)  Median time on dialysis prior to transplantation was 27 months (IQR 16-40) whereas 

median time on the waiting list was 8 months (IQR 1-21). 



 

 41 

9) Main causes of death were CVD (35.6%), infections (19.4%) and malignancy 

(18.2%). There were no differences in causes of death between age-groups, sexes or 

regions. 

10)  Biopsy proven acute rejection did not affect patient or graft survival. Furthermore, 

neither did early or late rejection, nor mild (Borderline-BANFF IA) or moderate to 

severe rejections (BANFF II-IIIB) affect outcome. BMI, CMV-mismatch, 

basiliximab-induction and PTDM did not influence patient or graft survival. 

11)  Donor age (deceased and living) median age was 62 (IQR 55-67) years which 

 was in line with recipient median age 64 (IQR 62-67) years (Figure 4). 

 

Missing data was  uncommon, expect for the variables BMI and PTDM (Table 2). In case 

of missing data patients were excluded from the analysis and we did not use multiple 

imputation. BMI and PTDM did not affect patient or graft survival. 

 
Figure 1. Patient survival in age-stratified groups 
 

 
 
From Erlandsson et al, Transplant International (2021), reprinted with permission. 
 
 
 
Table 1. Charlson Comorbidity index, in age-stratified groups 
 

 All  60-64 years   65-69 years >70 years p-value 

 n=559 n=350 n=165 n=44   

Charlson Comorbidity 
Index 3 (2-5) 3 (2-5) 3 (2-5) 3 (2-5)   0.64 
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Figure 2. (a) Multivariate cox regression analysis performed for patient survival at 10 years, n = 

673. (b) Multivariate cox regression analysis performed for patient survival at 10 years with 

Charlson comorbidity index, n = 500. 

 

 
            
 From Erlandsson et al, Transplant International (2021), reprinted with permission. 
 
Figure 3. Patient survival stratified by Charlson comorbidity index, n = 559. 
 

             
 
             From Erlandsson et al, Transplant International (2021), reprinted with permission. 
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Figure 4. Donor age (blue) and recipient age (red) 
 

 
 
 
Table 2. Missing data 
 
Variable Missing data  
Patient survival            0 
Death censored graft survival            0 
Cause of death n=253            0 
Age            0 
Sex            0 
Region             0 
Cause of CKD            0 
Pre-emptive transplantation            1 
Patients in PD/HD          71 
Living/deceased donor            1 
Donor age            1 
Donor sex            4 
Dialysis vintage          70 
Waitlist time          15 
First/second/third transplant            5 
PTDM        175 
BMI        213 
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4.2 SCORING OF MEDIAL ARTERIAL CALCIFICATION PREDICTS 
CARDIOVASCULAR EVENTS AND MORTALITY AFTER KIDNEY 
TRANSPLANTATION 

 
Main results:  
 
We included 342 patients starting KRT in this prospective cohort study. The aim was to 

investigate the impact of medial calcification with a mix of intimal and medial calcification 

represented by coronary artery calcification on CVE and mortality. Median age was 53 

years, 66% were males and 17% had diabetes. There were differences in baseline 

characteristics between the groups; median age was 67, 53 and 47, prevalence of diabetes 

mellitus was 32%, 19% and 8% and the prevalence of CVD was 35%, 16% and 13%, in 

CKD G5D, DDKT and LDKT, respectively. There were differences in eGFR, BMI and 

handgrip strength at baseline between the groups. The study revealed major baseline 

differences in coronary artery calcification between the groups (figure 1). 

The main findings in our study were:  

 

1) Patients with none or low grade of medial calcification had a low risk for CVE 

(5.6% vs 28.4%) and death (1.6% vs 14.9%), compared to patients with 

moderate-severe medial calcification during 6.4 years of follow-up. 

2) Coronary artery calcification was associated with; age, diabetes mellitus, CVD, 

higher Framingham risk score (FRS), higher BMI, higher IL-6, lower hand 

grip strength, lower albumin and aorta valve calcification (all variables with 

p<0.001). Sex (p=0.046) and lower diastolic blood pressure (p=0.002) were 

also associated with CAC. 

3) Patients with CAC-score >400 AU had six times higher risk for CV events 

(HR 6.0 95% CI, 2.3-15.4, p <0.001) and 7.4 times higher risk for all-cause 

mortality (HR 7.4, 95% CI, 2.1-25.8, p=0.002) compared to patients with no 

signs of CAC (0 AU) after 6.4 years of follow-up independent of FRS. 

4) Medial calcification in arteria epigastrica was associated with age, sex, 

prevalent diabetes and CVD, higher FRS, higher BMI, CAC-score, aorta valve 

calcification, CV events and mortality (all variables with p-value <0.001). 

Medial calcification in arteria epigastrica was also associated with systolic 

blood pressure (p=0.006) and  higher hsCRP (p=0.024). 

5) In patients undergoing LDKT, moderate to extensive medial calcification in 

arteria epigastrica conferred a 3.1 higher risk of cardiovascular events (HR 3.1, 

95% CI 1.12-9.02, p<0.05) compared to patients with no or mild medial 
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calcification independent of age, sex and diabetes (figure 2). CAC-score was 

not an independent predictor of CV events in this model. 

6) ROC-curve analysis showed that a CAC-score of 381 AU was the optimal cut-

off value in predicting CVE (R-value =0.80) and a CAC-score of 371 AU was 

the optimal cut-off value in predicting mortality (R-value =0.84). Figs. 3 and 4. 

7) Median CAC-score was only 3 (IQR 0-152) AU in LDKT. Still as many as 

37% had moderate-severe medial calcification in arteria epigastrica. 

 

Fig 1 Comparison of baseline median and IQR CAC-score in patients receiving LDKT, 

DDKT, and patients remaining in dialysis (CKD G5D). 

                                
 
                                                        LDKT         DDKT       CKD G5D 
 
Scoring of medial arterial calcification / H. Erlandsson et al, 2022. Reprinted with 
permission from Journal of Internal Medicine. 
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Fig. 2 Multivariate Cox regression analysis of medial calcification (HR 3.10, 95% CI 1.12–

9.02, p<0.05) and CAC (HR1.83, 95% CI 0.46–7.28) association with CVE in LDKT. 

 
 

                                           
 
 
Scoring of medial arterial calcification / H. Erlandsson et al 2022. Reprinted with 
permission from Journal of Internal Medicine. 
 
 
Fig. 3a (left) ROC: Area under curve (AUC) for CV-events of age and CAC-score. Cut-off 

level of CAC score was 381 AU (n=342). 3b (right) ROC: Area under curve (AUC) for all-

cause mortality of age and CAC-score. Cut-off level of CAC score was 371 AU (n=342) 

 

 
Scoring of medial arterial calcification / H. Erlandsson et al 2022. Reprinted with 
permission from Journal of Internal Medicine. 
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4.3 ACCELERATED UREMIC AGEING IS MITIGATED AFTER KIDNEY 
TRANSPLANTATION, BUT NOT AFTER DIALYSIS  

 
Main results: 
 
The main results are summarized as follows: 
 

1) Skin autofluorescence (SAF) as an estimate of biological age was correlated with 

chronological age in patients with CKD G5 (rho 0.51, 0.44 and 0.25 in the LDKT, 

CKD 5 and PD-group, respectively, figure 1). In the LDKT and CKD 5 groups the 

correlations were significant (p<0.001 and p=0.003), but not in PD patients 

(p=0.07). 

2) We analyzed another estimate of biological age by calculating Phenoage (PA) as 

described in methods in 333 subjects with different CKD stages. In the population-

based control subjects the correlation with chronological age was significant and 

strong (rho=0.96, p<0.001). In the CKD G3-4 group the correlation with 

chronological age was weaker but still strong (rho=0.84, p<0.001). However, the 

correlation between PA age and chronological age in CKD G5 was significant but 

markedly lower (rho=0.27, p<0.001). The calculated PA overestimated the 

magnitude of biological age in this group of patients, and the estimate was 

unrealistic.  

3) As expected, several common clinical parameters, higher hsCRP, IL-6, lower HGS, 

hemoglobin and albumin and higher prevalence of diabetes and CVD were 

associated with higher SAF, PA age and chronological age.  

4) When analyzing DNA-methylation age, we found that incident dialysis patients and 

LDKT patients had an accelerated DNAm age vs chronological age compared to the 

control-group (fig 3). After one year of dialysis and LDKT, this acceleration was 

mitigated in the LDKT group, but not in the dialysis group, according to the 

Composite clock (fig 3). We observed a statistically significant reduction in 

PhenoAge acceleration (-4.4 years, p=0.016) and in Composite age acceleration      

(-2.5 years, p=0.009) one year after LDKT.                                          
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Fig 1. Estimated SAF age compared to chronological age in patients with CKD 5 (PD-

patients, incident dialysis patients and LDKT, n=199). 

 

                        
 

Fig 2. Estimated Phenoage (PA) in different stages of CKD (n=333). Population-based 

controls (HS), CKD 3-4 and CKD 5. 
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Fig 3. Box plot of age acceleration by treatment group and timepoint according to the Horvath (A), 

Hannum (B), PhenoAge (C) and Composite (D) clock. All clocks show a reduction in age 

acceleration after year one compared to baseline in the transplant group, but this difference reaches 

statistical significance only in the PhenoAge and Composite clock. There is no significant reduction 

of age acceleration after one year on dialysis.  
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4.4 A CIRCULATORY FOOTPRINT OF THE CORE MICROBIOME DOES NOT 
NORMALIZE AFTER KIDNEY TRANSPLANTATION  

 
When investigating the clinical phenotype, we found that CKD 5 had a diabetes prevalence 

of 50% compared to 10% in CKD 3-4 and LDKT, respectively. The prevalence of clinical 

CVD did not differ between the groups. Blood samples collected at baseline showed higher 

levels of creatinine, phosphate and iPTH in CKD 5 and LDKT compared to CKD 3-4.  

 
Main results: 
 

1) Beta diversity analysis showed that LDKT clustered away from CKD 5 and CKD 3-

4 (1a) - a sign of having a distinct composition (p<0.001) 

2) Samples from CKD 5 patients were significantly more diverse and even than the 

CKD 3-4 group (Figure 1b) when alpha diversity was determined. Peilou’s 

evenness, Species richness and Shannon entropy was used to determine alpha 

diversity. 

3) Patients in the CKD 3-4 and CKD 5 groups had similar core compositions (Figure 

2a). Both groups had a high abundance of Pseudomonas and Stahpylococcus, which 

are TMA-producers. 

4) LDKT´s taxa were dominated of Pseudomonaceae and Bacilaceae, at baseline and 

after one year post transplant. CKD 3-4´s taxa was dominated by Pseudomonacea.  

CKD 5 differed since most patients had more distinct taxa profiles. 

5) In all alpha diversity measures, LDKT was significantly more diverse compared to 

CKD 3-4 (Figure 1b) 

6) No distinct changes were observered in the core microbiotas in LDKT baseline vs 

one year post-transplant (Figure 2a) 

7) There were only two genera which differed in LDKT baseline vs LDKT follow up. 

In LDKT baseline, Viellonella was increased, and in LDKT follow up, 

Saccarimonidales was increased (Figure 2c) 

8) TMAO and betaine had a significant impact on the variation of the microbiome in 

CKD 
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Figure 1| Microbiota Diversity and Taxonomy (a) Beta diversity using Bray-Curtis distance 

measure and PERMANOVA results for CKD groups (3-4 and 5) and LDKT groups (Baseline 

and 1 year follow up), along with taxa plots representing the Top-25 most abundant families 

observed in all samples in the corresponding groups with the taxa key shown. (b) Alpha diversity 

(Peilou’s evenness, Richness and Shannon entropy) for each group whereby lines connect two 

categories if the differences are significant (ANOVA) with * (P < 0.05), ** (P < 0.01), or *** (p 

< 0.001). Subset analysis (c) shows the combination of subsets of families which contribute 

significantly to changes in the microbiome.  
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Figure 2 | Core Microbiota and Differential Taxa analysis. (a) Core microbiome analysis 

showing absolute abundance of genera that are present in at least 85% of samples in each 

group, (b) Genera found to be discriminately expressed based on differential taxa analyses 

showing which genera are up/down regulated between CKD 3-4 vs. CKD 5, (c) LDKT 

Baseline vs Follow up, where they had at least a log2 fold change (Adj p value ≤ 0.05). Bars 

outlined in blue shows the Log2 fold change value, and bars shown in red show the mean 

abundance of each genus. 
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Figure 3. A combined null-model approach to identify and quantify ecological community 

assembly processes in CKD groups using (a) environmental filtering calculated as nearest 

taxa index (NTI) where values >+2 indicate extreme clustering in the phylogenetic tree 

driven by environmental pressures (determinism), where lines connecting two categories 

show significant differences (ANOVA) with * (p < 0.05), ** (p < 0.01), or *** (p < 0.001). 

(b) quantitative process estimates (QPE) approach which determines the proportion of 
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assembly mechanisms acting on a category within the framework of selection, dispersal and 

drift represented by a stacked bar chart. 

 
Figure 4 | Metadata analysis (a) PERMANOVA analysis of metadata whereby R2 

represents how much percentage variability in the microbiome (Bray-curtis) is caused by the 

metadata variable. (b) Kendall rank correlation analysis of metadata against elements of one-

carbon metabolism, TMAO, Choline, Betaine. (c) Kendall Rank correlation analysis of the 

metadata against the 25 most abundant genera and amplicon sequence variants. Note that 

metadata was only available for the baseline group of the LDKT cohort, and so encompasses 

the CKD 5, CKD 3-4 and LDKT baseline groups only. Bonferroni correction was used to 

adjust for multiple comparisons. P values <0.001 is denoted with (***), <0.01 with (**), 

<0.05 with (*) <0.1 with (.) 
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1a4b1725e96e427119dff59df3aefeb3 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
2c8a4a10f897ae61e1f2b7aac7208716 Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae

3f0a624ddf055be33d3d6e375d36c8b0 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae
56ec05d962b5b7cae6deccabe68f420f Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae

64b8385680856c48a30db993a8e124bd Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
6733f5095d8e7c415a6e40930f945802 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas

682052d649c8c879d9a56df810f23f2c Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
7256d586132e706e5910e5b355589a67 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae

778d5c0f11db9f300961274956bc6dc2 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae
78cc1c6280a86dc387edd5225f1ecdfc Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
81629222586e372fed4c7bf8095c8453 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas

8f9d758c3160583719874bff8c3a011c Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
96552422acbd6aa62cd0cd2a5cc207f7 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus

96f80371e7450f9f3baeedd1c25d84c0 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
98ff7080b45ad30bbf587e747b91b111 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
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aa5508e54984a4958e552d4015684849 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
b35d3ab60b0b857a99015dde18b4bfc5 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas

b37882fc960467de65c786897a932c3b Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae
c43ee4aa12bcbd48895161b68aa3320b Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae

df1a5581945e1d226abec78607fd2c41 Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
f9a0f7a786bac3c66f7f4f7132013660 Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
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5 DISCUSSION 
The aims of this thesis were to explore potential ways to estimate biological ageing in a KI 

population and to investigate predictive markers for vascular ageing, i.e., CVE and death 

and compare the effect of dialysis treatment vs KT on biological aging. To do so, we 

included populations with CKD G5 who remained on dialysis in paper 2, 3 and 4.  

5.1 OBSERVATIONAL STUDY OF RISK FACTORS ASSOCIATED WITH 
CLINICAL OUTCOME AMONG ELDERLY KIDNEY TRANSPLANT 
RECIPIENTS IN SWEDEN - A DECADE OF FOLLOW UP 

 

5.1.1 Interpretation  

In paper 1 we found that comorbidity was an even more sensitive predictor than 

chronological age for patient survival after KT. Since patients ³70 years had the same 5-

year patient survival as patients 65-70 years, we suggest that elderly should be offered KT 

in the absence of a severe comorbidity burden. Death-censored graft survival after 10 years 

was 78% without significant differences between age-groups, even though it is likely that 

the oldest patients received the oldest kidneys, which is further encouraging. It is reassuring 

that KT seems to be a safe procedure and long-term treatment also in patients ³70 years. 

Median time on dialysis prior to KT was 27 months (IQR 16-40) whereas median time on 

the waitlist was eight months (IQR 1-21). The discrepancy between median time on dialysis 

(27 months) and median time on the waiting-list (eight months) indicates that patients 

probably had a substantial time on dialysis before they were referred for KT. Late 

initiation/examination or administrative difficulties delaying evaluation for KT and 

acceptance for the waitlist is an area that has the potential to improve according to our 

results. By increased awareness and implementing early initiation of preoperative 

evaluation before patients start in dialysis, we may diminish dialysis vintage before KT and 

thereby potentially improve patient survival. 

5.1.2 Strength and limitations  

The major strength of the study is the inclusion of all patients ³60 years transplanted during 

a period of 12 years, the long period of follow-up (median follow-up time 7.9 years) and 

the participation of all transplant centers in Sweden. We also adjusted for possible 

confounding factors to reduce the risk of bias, both recipient and donor related. There were 

furthermore no exclusion criteria. Only 14 patients were lost to follow up which strengthens 
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the generalizability. One limitation was the lack of a comparable control-group which 

stayed on dialysis during follow up. HLA-status was also not available. 

There are some important issues related to research in KT recipients 159. First, a comparable 

control-group is often difficult to find. Even though it is possible to design a perfect 

randomized controlled trial in patients with CKD 5 some of the patients will get 

transplanted which constitutes a competing risk. As soon as a patient receives a kidney 

allograft, the patient switch risk-groups. Furthermore, to prove differences in mortality or 

CVE, it is necessary to have an extended period of follow-up, 5-10 years, and during this 

time, a vast majority accepted to the waitlist at baseline is already transplanted. In Sweden 

we are fortunate to have relatively short waitlist times compared to many other countries. 

There is, however, data from the US where patients accepted to the waitlist have had to 

wait a very long time, enabling a comparison of outcome between patients getting a 

transplant and accepted patients remaining on dialysis. It is possible that patients who 

experience a long time on the waitlist without getting a transplant represent a selective 

group which might affect outcome. Patients who are highly immunized with a high 

percentage of panel reactive antibodies (PRA) and a low matching probability are more 

likely to face extended waiting times. They might also have a longer history of CKD. This 

could introduce  bias when comparing patients who receive a KT with those who do not. 

Patients who are highly immunized also have a higher risk of acute rejections and graft 

failure. Hence the degree of immunization may well serve as a confounding factor. 

5.1.3 Clinical relevance 

Patients ³70 years did not have inferior 5-year patient survival compared to patients 65-69 

years and KT should therefore not be denied to patients ³70 years due to their 

chronological age. Based on our results, CCI is a valuable tool for risk-prediction prior KT 

in this national study of all patients ³60 years. Women and recipients with living donors 

had a lower risk of 10-year mortality compared to males and recipients with deceased 

donors, after adjustment of CCI and other confounders. In clinical situations when there are 

doubts whether a patient should be recommended KT or not due to high age, CCI <4, 

female sex and living donor seem to be favorable factors for 10-year patient survival in 

patients ³60 years. These factors can therefore be considered when evaluation for KT is 

performed in patients ³60 years. Denial of KT based on recipient sex or type of donor 

should not be recommended. 
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5.2 SCORING OF MEDIAL ARTERIAL CALCIFICATION PREDICTS 
CARDIOVASCULAR EVENTS AND MORTALITY AFTER KIDNEY 
TRANSPLANTATION 
 

5.2.1 Interpretation 

Since atherosclerosis and arteriosclerosis is closely related to chronological age, we decided 

to include measurements of vascular ageing in the thesis. In paper two we found that 

moderate-severe medial arterial calcification was a sensitive predictor for CVE and 

mortality in a LDKT population who had low median CAC-scores. Notably patients with 

no or mild medial arterial calcification exhibited a very low risk of CVE (5.6%) and 

mortality (1.6 %) after 6.4 years. 

According to KDIGO´s guidelines 160,161 and European Society of Cardiology 

(ESC) 162, all KT recipients should be treated with statins, as they reduce LDL-cholesterol. 

Some argue that the evidence for recommending LDL-values <1.8 mmol/L in all kidney 

transplant recipients is weak (level 2C) and that this recommendation should be questioned. 

It has also been proposed that medial calcification in patients with CKD is not promoted 

primarily by traditional risk-factors for CVE but may be correlated to uremia and 

disturbances in calcium-phosphate balance instead. In this study, we did however find 

strong associations with traditional risk-factors as age, sex, prevalent diabetes and CVD, 

higher Framingham risk score, higher BMI, CAC-score and aorta valve calcification (all p-

value <0.001). Higher systolic blood pressure (p=0.006), higher hsCRP (p=0.024) and signs 

of PEW (p=0.008) was also associated with higher degree of medial calcification. In 

contrast, there was no association between phosphate, calcium or iPTH and the degree of 

medial calcification. Calcium and phosphate were however measured only once and is 

known to vary with medication and dialysis. Thus, although we cannot exclude that an 

association exists it was not possible to capture in this study. The associations with 

traditional risk factors with medial calcification as well as with CAC-score indicate that 

these factors are important for the development of calcification, also in CKD. The SHARP-

study 163  showed a 17% primary reduction of CVE in CKD patients treated with statin and 

ezetimibe. According to KDIGO 161,162  and ESC 162 guidelines, it is reasonable to draw the 

conclusion that KT recipients do benefit from statin treatment as well, which is further 

supported by a post-hoc analysis of the ALERT trial 164. 
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5.2.2 Strengths and limitations 

The strength of the study was the lack of exclusion criteria, an extended period of follow 

up, and a meticulous collection of baseline characteristics enabling careful phenotyping. In 

342 ESKD patients CT-scan was performed, and CAC-score measured, and in 200 LDKT 

patients, biopsies from arteria epigastrica were collected and scored. We did not find any 

significant differences between included and excluded LDKT patients (study 2, table 3) 

which indicates that the external validity (generalizability) is sufficient. We also know from  

SNR data that there are no differences between patient and graft-survival between different 

transplant-centers in Sweden 4  which was confirmed in paper 1121. A limitation is the great 

difference in baseline calcification measured as CAC-score between the KT and dialysis 

patients. It is possible, that even though we adjusted for confounders in the Cox 

multivariate analysis (paper 2, Suppl table 2 and 3) unaccounted existing bias may remain. 

Another limitation is that arterial biopsies from arteria epigastrica were collected from 

patients selected for LDKT only and not from DDKT due to logistical reasons. Thus, the 

patients we studied may have been healthier than the average KT patient.  

5.2.3 Clinical relevance 

Markers, which may serve as possible discriminators between patients with a high or low 

risk of CVE and mortality after KT, are valuable to enable optimal treatment in high-risk 

individuals. Grading of medial calcification in none-mild or moderate-severe made it 

possible to discriminate patients in groups of low vs high risk of CVE (5.6% vs 28.4%, 

p<0.001) and low vs high risk of mortality (1.6% vs 14.9%, p=0.001) in LDKT, a group 

which is considered having the best outcome after KT. Making this distinction allows for 

improvement in precision-based medicine. We found that a CAC-score of 371 AU had the 

best R-value for CVE in ESKD, and this could be used as a clinical cut-off value. CAC-

score >400 AU was associated with HR 5.9 (CI 95%, 2.3-15.3, p<0.001) for CVE, adjusted 

for confounding factors (paper 2, Suppl table 2) and HR 7.4 (CI 95%, 2.1-25.8, p=0.002) 

for mortality adjusted for confounding factors (paper 2, Suppl table 3). CAC-score ≈400 

may thus serve as a reasonably good discriminator in the clinical situation. Notably, 

although p-values were low, the variance was quite large due to a limited number of 

patients in the study. 
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5.3 ACCELERATED UREMIC AGEING IS MITIGATED AFTER KIDNEY 
TRANSPLANTATION, BUT NOT AFTER DIALYSIS  
 

5.3.1 Interpretation  

In this study we estimated biological age using skin autofluorescence, calculated Phenoage 

and three epigenetic clocks based on DNA methylation (DNAm). We found that both skin 

autofluorescence and calculated Phenoage (PA) overestimated the magnitude of biological 

ageing in CKD 5. In contrast, when analyzing DNAm age (epigenetic age) we found that 

patients with CKD G5 presented a biologically plausible age acceleration compared to 

healthy subjects. When we repeated the analysis of DNAm age one year after KT or 

initiation of dialysis, we found indications that whereas KT mitigated age acceleration this 

was not evident after dialysis treatment. Our results support the proposal of CKD 5 as a 

clinical model of accelerated ageing  165,166. Low-grade inflammation, oxidative stress, gut 

dysbiosis, immunosenescence and telomere attrition are possible factors driving accelerated 

biological ageing in CKD 167,168. 

5.3.2 Strengths and limitations 

One of the strenghts of this study is the use of several different methods when determining 

estimates for biological age. Since all of the methods estimated higher biological age than 

chronological age, our results support the concept of accelerated biolgical ageing in CKD 31. 

The fact that SAF and PA was associated with clinical markers associated with chronological 

age indicate that both methods are of relevance, even though they overestimated biological 

age in advanded CKD. SAF and PA were associated with hsCRP, IL-6, higher prevalence of 

diabetes and CVD, low albumin, hemoglobin and handgrip strenght, which are factors 

associated with chronological age as well. The results showing a mitigated age acceleration 

one year after KT agree with observations that KT improves quality of life, physical function 

and life expectancy. Even though there were no differences in baseline CCI between the 

LDKT and the dialysis group (p=0.39) we cannot exclude unaccounted residual bias. 

Limitations also include a relatively small number of patients in the DNAm cohort, the lack 

of RDW values in the PA cohort. Moreover, it remains to be determined if changes in DNAm 

may be due to changes in the underlying disease process or if they are are causal for the 

ageing process. DNAm have also shown variability due to technical replicates 169. 
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5.3.3 Clinical relevance  

If clinically useful and affordable surrogate markers of biological age can be identified, 

they can be used to investigate the impact and benefit of both pharmacological and life-

style (such as nutritional) interventions, long before hard clinical outcomes are evident such 

as CVE or mortality. Our findings that hsCRP, IL-6, lower HGS, albumin, hemoglobin and 

higher prevalence of diabetes and CVD are associated to SAF, PA and chronological age 

suggests that these simple markers provide prognostic valuable information. 

5.4 A CIRCULATORY FOOTPRINT OF THE CORE MICROBIOME DOES NOT 
NORMALIZE AFTER KIDNEY TRANSPLANTATION  

5.4.1 Interpretation 
 
Gut dysbiosis, measured as circulatory microbiome in CKD showed an increasing dysbiosis 

from CKD 3-4 to CKD 5. The core microbiota essentially did not change one year after KT 

in LDKT recipients. The resolution of the uremic milieu did not have a major impact on the 

composition of the circulatory microbiome. There were no signs of increased gut dysbiosis 

due to immunosuppressive drugs or antibiotics, one year after KT. Essentially, the 

circulatory microbiome remained the same, which may reflect slow changes of the 

microbiota in individuals, and a long-standing effect of the uremic milieu, which might 

have caused a sustained “wear and tear” effect affecting gut microbiota long term. 

5.4.2 Strengths and limitations 
 
The major strength was the application of a highly sensitive novel technique ASV, which in 

contrast to the earlier used method Operational taxonomic units (OTU), produces results 

which can be compared between studies. Furthermore, circulatory microbiota may reflect 

the loss of intestinal integrity better than analyses of fecal samples. Bacteria passing the gut 

barrier and entering the bloodstream probably have a greater impact on the inflammatory 

burden than microbiota isolated from the gastrointestinal tract. Thus, the novel opportunity 

to analyze the circulatory microbiome offers new insights into the loss and gain of 

salutogenic and pathogenic bacteria in CKD. The limitations of the study include the small 

number of patients and unpaired data in the analyses of CKD 3-4 vs CKD 5 patients. 

Differences in age and prevalence of diabetes between CKD 5 (incident dialysis patients) 

and patients undergoing LDKT makes direct microbiotic comparisons between these two 

groups difficult. The study would also have benefited from fecal microbiome analyses and 

analyses of biomarker(s) of loss of intestinal integrity and endotoxemia, such as 
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lipopolysaccharides (LPS) and CD14. The absence of recovery of dysbiosis after KT 

despite a major improvement of kidney function may also be explained by the relatively 

brief period of follow-up period. Finally, as red meat rich in L-carnitine is transformed in 

the gut into TMA and in addition is produced via the intermediate γ-butyrobetaine (γ-BB) 

metabolite, detailed  information on dietary habits would also have benefited the study. 

5.4.2 Clinical relevance 
 
Chronic kidney disease is associated with low-grade systemic inflammation and 

immunodeficiency. Infections and CVD are the leading causes of death in CKD. Uremia 

causes dysbiosis by promoting overgrowth of pathogens in the gut, diminishing intestinal 

integrity, and causing bacteria to translocate over the intestinal wall 94. Moreover, the gut 

microbiota might have an immunoregulatory role in CKD/ESKD 94. A continuous 

activation of the innate immune system induces immunoregulatory mediators that inhibit 

adaptive and innate immunity 88, 94,170. This dysregulated immune response and 

proinflammatory cytokines activated by inflammation due to translocation of bacteria or 

bacteria fragments, contributes to an elevated risk for CVD and may promote progression 

of CKD 88 . 

If bioactive peptides, such as prebiotics, probiotics, and synbiotics are proven 

to be safe and effective in improving survival of beneficial microbiota and attenuating gut 

dysbiosis, they could be an interesting treatment option in the CKD-population, but further 

studies are warranted 170,171. 
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6 CONCLUSIONS 
 
The main conclusions of the thesis are: 

 

1) Biological ageing in patients ³60 years (estimated by the Charlson comorbidity 

index) identified patients with a 4.6 times higher risk of death after KT compared to 

patients with a lower burden of comorbidities. Charlson comorbidity index has the 

potential to standardize and improve preoperative evaluation of KT recipients ³60 

years of age. As patient survival after five years was not inferior in patients ³70 years 

compared to 65-69 years our observation encourages KT in patients ³70 years. 

 

2) Scoring of the extent of medial calcification in arteria epigastrica discriminated 

patients with a low risk of CVE (5.6%) from patients with a high risk of 

cardiovascular events (28.9%) during 6.4 years of follow up after LDKT. ROC 

analysis identified a CAC-score of 371 AU as the best predictive value for CVE in 

CKD 5.  

 

3) Patients with kidney failure present epigenetic signs of an accelerated biological 

ageing. The age-acceleration may be attenuated (but not normalized) after KT but not 

in patients remaining on dialysis. 

 

4) A circulatory footprint of the gut microbiota worsens with progression from CKD 3-

4 to CKD 5, but does not normalize one year after KT. 

 

Further conclusions: 

Chronic kidney disease displayed signs of accelerated biological aging according to all  three 

methods used to estimate biological ageing. The more advanced  stage of CKD, the higher 

estimated biological age. Clinical parameters, such as Framingham risk score, prevalent DM 

and CVD, hsCRP, IL-6, lower HGS and albumin were strongly associated with higher SAF 

age and PA, reinforcing their role in risk prediction in the clinical setting. The sum of 

comorbidities could serve as a pseudo-marker for biological ageing according to our first 

study. Charlson Comorbidity index (age excluded) had a stronger statistical association to 

death than chronological age in patients ³60 years receiving KT. 
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The main cause of death after KT is CVD. Patients with a low burden of medial 

calcification had a low risk of CVE and all-cause mortality after KT. Patients who were not 

eligible for KT and remained on dialysis had a high burden of calcification and a poor 

outcome with a mortality approaching 100% after 10 years on dialysis. Vascular calcification 

is strongly associated with CVE and death. With ROC analyses we found that the magnitude 

of coronary artery calcification has a similar R-value as chronological age. 

To improve survival in the CKD-population emphasis should be put on optimal 

treatment of traditional and nontraditional risk factors for CVD as well as early investigation 

prior to KT and early referral to transplantation to limit time on dialysis. Kidney 

transplantation offers the best long-term patient survival 172 and our data suggest that KT 

mitigates acceleration of biological ageing compared to staying on dialysis. Kidney 

transplantation offers a patient survival during the first five years after KT that is identical in 

patients ³70 years and in patients aged 64-69 years. Based on our results from a complete 

national cohort with an extensive follow-up time, KT should be recommended to patients 

³70 years of age, in the absence of contraindications.  

When evaluating patients for KT, focus should be on evaluation of the burden 

of comorbidities, chronological age, and vascular calcification. If there still is doubt whether 

KT should be advised or not, physical function and/or frailty may serve as additional tools. 

One should keep in mind however, that improvement in quality of life seems to be even 

greater in frail patients compared to non-frail patients after KT 133. 
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7 PERSPECTIVES FOR FUTURE RESEARCH 
This thesis reports that CAC and medial calcification is associated with an increased risk 

for CVE events and mortality in CKD. The European Society of Cardiology (ESC) 

recommends LDL-cholesterol <1.4 mmol/L in all patients with diabetes, eGFR<30 

ml/min or a history of cardiovascular events whether they have received a KT or not and 

<1.8 mmol/L in KT recipients without risk factors. The reasons for these 

recommendations are that CKD as such is a strong risk-factor for CVE especially when 

proteinuria is present 3. The patients who remained in dialysis had a median CAC-score 

of 847 AU at baseline and a very poor prognosis and mortality close to 100% after 10 

years of follow-up. The deleterious effects of vascular calcification in CKD-patients 

deserves attention. ESC and KDIGO´s guidelines should be followed and risk factors 

such as LDL-cholesterol should be treated as recommended. The SHARP study, a 

double-blind randomized controlled trial, showed a 17% reduction in MACEs in patients 

with various degrees of CKD 163. A post-hoc analysis of the multicenter, double-blind, 

randomized ALERT-study demonstrated a reduced relative risk (RR 0.65, 95% CI 0.48-

0.88, p 0.005), for myocardial infarction or cardiac death in KT patients receiving 

Fluvastatin 40-80 mg daily compared to placebo. Fluvastatin reduced LDL-cholesterol 

with 1 mmol/l compared to placebo and authors concluded that their findings support 

early initiation of statins after KT 164. Additional therapies that can mitigate and 

potentially inhibit vascular calcification in CKD should be investigated.  

Traditional and non-traditional risk factors, such as low-grade persistent 

inflammation, CKD-MBD and hyperphosphatemia should be treated optimally 173. 

Future randomized controlled trials of KT recipients receiving statin (+ ezetimibe if the 

therapeutic goal is not reached), are needed to investigate the benefits of intensive long-

term cholesterol-lowering therapy. Novel therapies, SNF472 which inhibits the 

formation and growth of hydroxyapatite-crystals, given as intravenous injections have 

been proven to attenuate the progression of VC in hemodialysis patients with pre-

existing cardiovascular calcification, according to a randomized phase 2b trial 174 ,175. A 

phase 3 study of SNF742´s effect on calciphylaxis is ongoing. A study of SNF472´s 

effect on peripheral arterial disease in dialysis will also be performed. Subcutaneous 

injections of the molecule INS3001 with similar properties as SNF472, is under 

investigation. The possibility of a substance, given as a daily subcutaneous injection, 

which attenuates progression of VC is important since it could be given to patients in 

various stages of CKD and to patients with peritoneal dialysis, in addition to patients on 
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hemodialysis. Preliminary data from the randomized VitaVask trial showed that Vitamin 

K1 supplementation is a highly effective treatment for correcting vitamin K deficiency 

and reducing progression of VC in hemodialysis patients (Ms Submitted 2022) and may 

be another treatment option. 

Kidney transplantation should be encouraged in KRT since the progress of 

calcification is slower. Furthermore, transplant recipients have a lower rate of CVE 

compared to dialysis patients. In addition, patients are also recommended to follow a 

healthy lifestyle which prevents inflammation; stop smoking 176,177, avoid obesity178,179, 

maintaining an adequate blood-glucose control, practicing healthy dietary habits and 

regular physical activity 180. Until more knowledge based on randomized clinical trials 

exists, following KDIGO and ESC guidelines is recommended. The finding that biopsies 

of arteria epigastrica during KT surgery and pathological grading of the extent of medial 

calcification could serve as a risk marker for CVE after KT is novel and offers a cheap 

and sensitive risk prediction tool. 

This thesis also demonstrates that patients with CKD display an age 

acceleration with a higher biological than chronological age. Moreover, whereas KT 

appears to mitigate the age acceleration after one year (but not normalize), no such effect 

was observed in patients remaining on dialysis. Given the limitations of a small number 

of patients our results need confirmation in larger cohorts. If reliable and readily 

available biomarkers of biological ageing could be identified this would benefit future 

intervention trials testing effects of both dietary, lifestyle and pharmacological 

interventions in CKD. 

Given the strong link between the gut microbiome and immune system, 

especially in the elderly 88,170,181 a normalization of gut microbiota could be a novel 

strategy to improve outcome in KT patients. These patients, which are on 

immunosuppressants and suffer from immunosenescence are at increased risk of cancer, 

infections, and CVD - the three main causes of death following KT 19,24. As gut-

microbiota-targeted diets recently were shown to modulate the immune status in humans 
182, studies need to test if normalization of gut dysbiosis by dietary interventions (such 

as fiber-rich food and fermented food), prebiotics, probiotics and synbiotics or feces 

transplantation, lead to dissolution of low-grade inflammation, and thereby have a 

potential to improve the long-term outcome by decreasing the risk of infections, cancer 

and CVD.  

Unexpectedly, the circulatory footprint of gut dysbiosis did not improve 

one year after KT indicating that the core gut microbiome remained essentially the same. 
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Gut dysbiosis is recognized to be associated to a burden of lifestyle diseases, such as 

diabetes, obesity, CKD and cancer and may be a driver of premature ageing 85. To 

validate diet-interventions, randomized controlled trials making proper adjustments for 

sex, age, and the exposome are warranted. Designing nutrition studies are always 

challenging, since many factors must be considered and may contribute to the diverse 

results of diet-interventions studies so far 183. Adherence to the treatment arm is one of 

the challenges. Low-protein diets, plant-based diets, fermented foods, fish-rich diet, 

prebiotics, probiotics and synbiotics should be studied further, to investigate their 

potential in improving gut dysbiosis and decreasing intestinal permeability 184,185. Fecal 

transplantation, which sometimes is given as treatment against therapy-resistant 

reoccurring clostridium difficile-infections in elderly immunocompromised patients, 

might be a treatment option  for gut dysbiosis 186-188 . In one study of 

immunocompromised patients with reoccurring Clostridie difficile-infections, fecal 

transplantation had a high overall cure rate (89%), however randomized controlled trial 

is warranted since possible complications might occur 187,189. By transferring healthy gut 

bacteria, it may be possible to induce sustained bacterial overgrowth from a healthy 

individual 190. Randomized controlled trials which investigate different diets and drugs 

separately may be needed to expand the understanding of the importance of gut 

microbiota and the effect on outcome in the long term. A longitudinal study, comparing 

the composition and community assembly mechanisms, which controls diversity of the 

gut microbiota at different timepoints in patients advancing in CKD-stages would 

enhance the understanding of how gut dysbiosis affects the uremic phenotype and 

outcome. Novel techniques in ecological and genetic studies makes it possible to 

pinpoint effects of different interventions down to the genome and microbiome level. 

DNAm clocks and genome/microbiome sequencing have a potential to expand the 

understanding of different dietary and pharmacological interventions, long before hard 

endpoints, such as CVE, malignancy or mortality occur.  
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8    SOCIETAL IMPACTS 
With better treatments an increasing expected lifespan in the general population has been 

observed. It is reasonable to expect lifespan to increase also in patients with chronic 

burden of lifestyle diseases. Medical advances in various medical fields, such as 

oncology, cardiology, hematology, infectious diseases and other specialties will benefit 

patients with CKD as well. When improved treatments, personalized medicine and drugs 

with less side-effects are offered in older ages, the traditional contraindications for KT 

have become questionable. If age-limits for different treatments expand in other fields 

and active treatments against conditions are offered in higher ages such as myeloma, 

aorta valve stenosis etc., it is reasonable to offer KT also in the elderly CKD-population. 

Individual circumstances and conditions should of course always be considered, 

especially patients´ own will. It is however important to recognize that patients´ choices 

often are strongly influenced by their doctor´s opinion. Thus, it is important that updated 

information on the excellent outcome of patient and graft survival also in older KT 

patients are communicated to the nephrology and transplant communities. We showed 

that Charlson comorbidity index and CAC-score serve as good discriminators 

preoperatively when predicting patient survival after KT and the risk for CVE after KT. 

As KT already constitutes 60% of KRT in Sweden an improvement of long-term patient 

survival in this group has the potential to improve the overall survival in the CKD-

population. 

This thesis also demonstrates that the extent of medial calcification in 

arteria epigastrica serve as a valuable prognostic tool for prediction of CVE and low vs 

high risk of mortality during long-term follow-up. If these results are confirmed also in 

DDKT, we suggest that biopsies and scoring of the epigastric artery calcification are 

introduced in the standard KT protocol. The results of this thesis offer improved tools to 

approach precision-based medicine in a vulnerable patient group. Finally, this thesis 

suggest that we should pay less attention to the patients chronological age and instead 

continue to search for reliable and easy-to-use markers of biological age.  

 

 
 
 
 
 



 

 71 

9 ACKNOWLEDGEMENTS 
 
My deepest gratitude to all of you who made this thesis possible! 

 

First, thank you to all my supervisors. It has been a great pleasure and honor.  

You believed in me and that was crucial.  

Lars Wennberg, thank you for the support during my doctoral studies. Your calm and 

reflective nature has contributed to making this PhD-journey joyful. You have been 

pragmatic and at the same time correct which is a great combination. Thank you for your 

thorough reviews, commitment, and sense of humor. 

Peter Stenvinkel, your intelligence, optimism and realism is inspiring. I have appreciated 

your support very much during this time. Your quick responses made it possible to 

maintain a high energy level. Thank you for great ideas and open mind-set, and for all your 

experience and collaborations which you shared so generously.  

Annette Bruchfeld, you are the reason I finished the research plan, making it possible to 

become a doctoral student in the first place. You are an inspiring and intelligent woman, 

working to open the academic path for women and men. I appreciate all the support, your 

help with language corrections, and the great talks very much. 

Torbjörn Lundgren, thank you for the support throughout the doctoral studies. I have 

appreciated your wise comments and thoughts very much, being precisely as critical as 

needed. Thank you for your contribution and encouragement, it was very important.  

A special thanks to Abdul Rashid Qureshi for sharing your great knowledge and your 

excellent contribution in statistics. Thank you for your commitment and for all the hours we 

spent. 

 

Ida Haugen Löfman, Magnus Söderberg, Jonaz Ripsweden, Torkel Brismar, Anna 

Witasp, Annika Wernersson and Per Lindnér, thank you for the contribution to the 

articles and your support.  

Prof Paul Shiels, Ognian Neytchev and Hannah Craven, thank you for the collaboration 

and your great work. 

Thanks to my colleagues at Journal Club; Anna Levin and Anna Witasp and everyone 

contributing. Thanks to Bengt Lindholm and researcher at the Baxter Novum´s Friday 

sessions. 



 

72 

My colleagues at the Department of Transplantation; thank you for your inspirational 

commitment and hard work. I look forward to working with you. 

My colleagues at Department of Renal Medicine; thank you for all the collaboration 

during the recent years, it will be a pleasure to work with you.  

 

Mathias, thank you for your calm nature and encouragement during this time. 

My parents Per and Eva, my brothers Fredrik and Ulf , sisters-in-law Kajsa and Martina, 

thank you for your love and support. 

Martina, Marie-Louise, Emmeli, Per Eldhagen, Sara Drejstam,  Sara Ferlander, Titti 

Jardetun, Linda Ewing and Karin Nygårds, thank you for the friendship, for supporting 

me and always providing me with energy and laughter when needed. 

My children Nellie, Adam and Gustav. You are my everything.  

 

My deepest gratitude to Karolinska Institutet for accepting me to the Research school for 

clinical epidemiologists and giving me the opportunity to develop and to be challenged. 

 

Finally, my great gratitude to  

Njurfonden 

Stiftelsen för Njursjuka 

Gelin-fonden 

Chiesi and  

ALF for the contribution to my work and this thesis. 

 
 
 
 
 
 



 

 73 

10 REFERENCES 
 
 
1.	Sarnak MJ, Amann K, Bangalore S, Cavalcante JL, Charytan DM, Craig JC, et al. 

Chronic Kidney Disease and Coronary Artery Disease: JACC State-of-the-Art Review. J 

Am Coll Cardiol. 2019;74(14):1823-38. 

 

2. Neild GH. Life expectancy with chronic kidney disease: an educational review. Pediatr 

Nephrol. 2017;32(2):243-8. 

 

3. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, et al. 

Association of estimated glomerular filtration rate and albuminuria with all-cause and 

cardiovascular mortality in general population cohorts: a collaborative meta-analysis. 

Lancet. 2010;375(9731):2073-81. 

 

4. Swedish Renal Registry. 2021 https://www.medscinet.net/snr/rapporterdocs 

 

5. Kooman JP, Kotanko P, Schols AM, Shiels PG, Stenvinkel P. Chronic kidney disease 

and premature ageing. Nat Rev Nephrol. 2014;10(12):732-42. 

 

6. de Jager DJ, Grootendorst DC, Jager KJ, van Dijk PC, Tomas LM, Ansell D, et al. 

Cardiovascular and noncardiovascular mortality among patients starting dialysis. JAMA. 

2009;302(16):1782-9.  

 

7.  Tchkonia T, Kirkland JL. Aging, Cell Senescence, and Chronic Disease: Emerging 

Therapeutic Strategies. JAMA. 2018;320(13):1319-20. 

 

8. Aunan JR, Watson MM, Hagland HR, Søreide K. Molecular and biological hallmarks of 

ageing. Br J Surg. 2016;103(2):e29-46. 

 

9. Avelar RA, Ortega JG, Tacutu R, Tyler EJ, Bennett D, Binetti P, et al. A 

multidimensional systems biology analysis of cellular senescence in aging and disease. 

Genome Biol. 2020;21(1):91. 

 



 

74 

10. Tullius SG, Tran H, Guleria I, Malek SK, Tilney NL, Milford E. The combination of 

donor and recipient age is critical in determining host immunoresponsiveness and renal 

transplant outcome. Ann Surg. 2010;252(4):662-74. 

 

11. Kwon JA, Park H, Park SJ, Cho HR, Noh M, Kwon EK, et al. Factors of Acute Kidney 

Injury Donors Affecting Outcomes of Kidney Transplantation From Deceased Donors. 

Transplant Proc. 2019;51(8):2575-81. 

 

12. van Willigenburg H, de Keizer PLJ, de Bruin RWF. Cellular senescence as a 

therapeutic target to improve renal transplantation outcome. Pharmacological Research. 

2018;130:322-30. 

 

13. Kirkland JL, Tchkonia T. Cellular Senescence: A Translational Perspective. 

EBioMedicine. 2017;21:21-8. 

 

14. Biran A, Zada L, Abou Karam P, Vadai E, Roitman L, Ovadya Y, et al. Quantitative 

identification of senescent cells in aging and disease. Aging Cell. 2017;16(4):661-71.  

 

15. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. Factors 

associated with COVID-19-related death using OpenSAFELY. 

Nature.2020;584(7821):430-6. 

 

16. Gansevoort RT, Hilbrands LB. CKD is a key risk factor for COVID-19 mortality. Nat 

Rev Nephrol. 2020;16(12):705-6. 

 

17. Sohn E. How the COVID-19 pandemic might age us. Nature. 2022;601(7893):S5-S7. 

 

18. Huang E, Segev DL, Rabb H. Kidney transplantation in the elderly. Semin Nephrol. 

2009;29(6):621-35. 

 

19. Meier-Kriesche HU, Ojo AO, Hanson JA, Kaplan B. Exponentially increased risk of 

infectious death in older renal transplant recipients. Kidney Int. 2001;59(4):1539-43. 

 



 

 75 

20. Ma BM, Tam AR, Chan KW, Ma MKM, Hung IFN, Yap DYH, et al. Immunogenicity 

and Safety of COVID-19 Vaccines in Patients Receiving Renal Replacement Therapy: A 

Systematic Review and Meta-Analysis. Front Med (Lausanne). 2022;9:827859. 

 

21. Chukwu CA, Mahmood K, Elmakki S, Gorton J, Kalra PA, Poulikakos D, et al. 

Evaluating the antibody response to SARS-COV-2 vaccination amongst kidney transplant 

recipients at a single nephrology centre. PLoS One. 2022;17(3):e0265130. 

 

22. Grupper A, Rabinowich L, Ben-Yehoyada M, Katchman E, Baruch R, Freund T, et al. 

Humoral Response to the Third Dose of Sars-Cov-2 Vaccine in Kidney Transplant 

Recipients. Transplant Proc. 2022 Mar 1:S0041-1345(22)00164-6. Epub ahead of print. 

 

23. Masset C, Kerleau C, Garandeau C, Ville S, Cantarovich D, Hourmant M, et al. A third 

injection of the BNT162b2 mRNA COVID-19 vaccine in kidney transplant recipients 

improves the humoral immune response. Kidney Int. 2021;100(5):1132-5. 

 

24. Meier-Kriesche HU, Ojo A, Hanson J, Cibrik D, Lake K, Agodoa LY, et al. Increased 

immunosuppressive vulnerability in elderly renal transplant recipients. Transplantation. 

2000;69(5):885-9. 

 

25. Levine ME, Lu AT, Quach A, Chen BH, Assimes TL, Bandinelli S, et al. An epigenetic 

biomarker of aging for lifespan and healthspan. Aging (Albany NY). 2018;10(4):573-91. 

 

26. Rakyan VK, Down TA, Maslau S, Andrew T, Yang TP, Beyan H, et al. Human aging-

associated DNA hypermethylation occurs preferentially at bivalent chromatin domains. 

Genome Res. 2010;20(4):434-9. 

 

27.  Fraga MF, Esteller M. Epigenetics and aging: the targets and the marks. Trends Genet. 

2007;23(8):413-8. 

 

28. Horvath S. DNA methylation age of human tissues and cell types. Genome Biol. 

2013;14(10):R115. 

 



 

76 

29. Zhang Q, Vallerga CL, Walker RM, Lin T, Henders AK, Montgomery GW, et al. 

Improved precision of epigenetic clock estimates across tissues and its implication for 

biological ageing. Genome Med. 2019;11(1):54. 

 

30. Hannum G, Guinney J, Zhao L, Zhang L, Hughes G, Sadda S, et al. Genome-wide 

methylation profiles reveal quantitative views of human aging rates. Mol Cell. 

2013;49(2):359-67. 

 

31. Yusipov I, Kondakova E, Kalyakulina A, Krivonosov M, Lobanova N, Bacalini MG, et 

al. Accelerated epigenetic aging and inflammatory/immunological profile (ipAGE) in 

patients with chronic kidney disease. Geroscience. 2022. 

 

32. Moiseeva O, Mallette FA, Mukhopadhyay UK, Moores A, Ferbeyre G. DNA damage 

signaling and p53-dependent senescence after prolonged beta-interferon stimulation. Mol 

Biol Cell. 2006;17(4):1583-92. 

 

33. Finch CE. CHAPTER 1 - Inflammation and Oxidation in Aging and Chronic Diseases. 

The Biology of Human Longevity. (Burlington: Academic Press), 2007. pp. 1- 112. 

 

34. Finch CE. Evolution in health and medicine Sackler colloquium: Evolution of the 

human lifespan and diseases of aging: roles of infection, inflammation, and nutrition. Proc 

Natl Acad Sci U S A. 2010;107 Suppl 1:1718-24. 

 

35. Franceschi C, Bonafè M, Valensin S, Olivieri F, De Luca M, Ottaviani E, et al. 

Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci. 

2000;908:244-54. 

 

36. Lim U, Song MA. DNA Methylation as a Biomarker of Aging in Epidemiologic 

Studies. Methods Mol Biol. 2018;1856:219-31. 

 

37. Wang JC, Bennett M. Aging and atherosclerosis: mechanisms, functional consequences, 

and potential therapeutics for cellular senescence. Circ Res. 2012;111(2):245-59. 

 

38. Uryga AK, Bennett MR. Ageing induced vascular smooth muscle cell senescence in 

atherosclerosis. J Physiol. 2016;594(8):2115-24. 



 

 77 

 

39. Stojanović SD, Fiedler J, Bauersachs J, Thum T, Sedding DG. Senescence-induced 

inflammation: an important player and key therapeutic target in atherosclerosis. Eur Heart 

J. 2020;41(31):2983-2996.  

 

40. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the 

risks of death, cardiovascular events, and hospitalization. N Engl J Med. 

2004;351(13):1296-305. 

 

41. Cianciolo G, Capelli I, Angelini ML, Valentini C, Baraldi O, Scolari MP, et al. 

Importance of vascular calcification in kidney transplant recipients. Am J Nephrol. 

2014;39(5):418-26. 

 

42. Russo D, Corrao S, Battaglia Y, Andreucci M, Caiazza A, Carlomagno A, et al. 

Progression of coronary artery calcification and cardiac events in patients with chronic 

renal disease not receiving dialysis. Kidney Int. 2011;80(1):112-8. 

 

43. Priyadarshini P, Aggarwal S, Guleria S, Sharma S, Gulati GS. Short-term effects of 

renal transplantation on coronary artery calcification: A prospective study. Saudi J Kidney 

Dis Transpl. 2015;26(3):536-43. 

 

44. Seyahi N, Cebi D, Altiparmak MR, Akman C, Ataman R, Pekmezci S, et al. 

Progression of coronary artery calcification in renal transplant recipients. Nephrol Dial 

Transplant. 2012;27(5):2101-7. 

 

45. Russo D, Morrone LF, Errichiello C, De Gregorio MG, Imbriaco M, Battaglia Y, et al. 

Impact of BMI on cardiovascular events, renal function, and coronary artery calcification. 

Blood Purif. 2014;38(1):1-6. 

 

46. Bundy JD, Cai X, Scialla JJ, Dobre MA, Chen J, Hsu CY, et al. Serum Calcification 

Propensity and Coronary Artery Calcification Among Patients With CKD: The CRIC 

(Chronic Renal Insufficiency Cohort) Study. Am J Kidney Dis. 2019;73(6):806-14. 

 



 

78 

47. Jansz TT, Verhaar MC, London GM, van Jaarsveld BC. Is progression of coronary 

artery calcification influenced by modality of renal replacement therapy? A systematic 

review. Clin Kidney J. 2018;11(3):353-61. 

 

48. Nguyen PT, Coche E, Goffin E, Beguin C, Vlassenbroek A, Devuyst O, et al. 

Prevalence and determinants of coronary and aortic calcifications assessed by chest CT in 

renal transplant recipients. Am J Nephrol. 2007;27(4):329-35. 

 

49. Block GA, Hulbert-Shearon TE, Levin NW, Port FK. Association of serum phosphorus 

and calcium x phosphate product with mortality risk in chronic hemodialysis patients: a 

national study. Am J Kidney Dis. 1998;31(4):607-17. 

 

50. Scialla JJ, Wolf M. Roles of phosphate and fibroblast growth factor 23 in 

cardiovascular disease. Nat Rev Nephrol. 2014;10(5):268-78. 

 

51. Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder GJ, et al. Serum levels 

of phosphorus, parathyroid hormone, and calcium and risks of death and cardiovascular 

disease in individuals with chronic kidney disease: a systematic review and meta-analysis. 

JAMA. 2011;305(11):1119-27. 

 

52. Lunyera J, Scialla JJ. Update on Chronic Kidney Disease Mineral and Bone Disorder in 

Cardiovascular Disease. Semin Nephrol. 2018;38(6):542-58. 

 

53. Silaghi CN, Ilyés T, Van Ballegooijen AJ, Crăciun AM. Calciprotein Particles and 

Serum Calcification Propensity: Hallmarks of Vascular Calcifications in Patients with 

Chronic Kidney Disease. J Clin Med. 2020;9(5). 

 

54. Lai J, Akindavyi G, Fu Q, Li ZL, Wang HM, Wen LH. Research Progress on the 

Relationship between Coronary Artery Calcification and Chronic Renal Failure. Chin Med 

J (Engl). 2018;131(5):608-14. 

 

55. Maréchal C, Coche E, Goffin E, Dragean A, Schlieper G, Nguyen P, et al. Progression 

of coronary artery calcification and thoracic aorta calcification in kidney transplant 

recipients. Am J Kidney Dis. 2012;59(2):258-69. 

 



 

 79 

56. Seyahi N. Coronary artery calcification in renal transplant recipients: is it a strong 

predictor of cardiovascular events? Nephrol Dial Transplant. 2011;26(7):2418-9; author 

reply 9. 

 

57. Evenepoel P, Goffin E, Meijers B, Kanaan N, Bammens B, Coche E, et al. Sclerostin 

Serum Levels and Vascular Calcification Progression in Prevalent Renal Transplant 

Recipients. J Clin Endocrinol Metab. 2015;100(12):4669-76. 

 

58. Gulcicek S, Zoccali C, Olgun D, Tripepi G, Alagoz S, Yalın SF, et al. Long-Term 

Progression of Coronary Artery Calcification Is Independent of Classical Risk Factors, C-

Reactive Protein, and Parathyroid Hormone in Renal Transplant Patients. Cardiorenal Med. 

2017;7(4):284-94. 

 

59. Amann K. Media calcification and intima calcification are distinct entities in chronic 

kidney disease. Clin J Am Soc Nephrol. 2008;3(6):1599-605. 

 

60. Nitta K, Ogawa T, Hanafusa N, Tsuchiya K. Recent Advances in the Management of 

Vascular Calcification in Patients with End-Stage Renal Disease. Contrib Nephrol. 

2019;198:62-72. 

 

61. Missailidis C, Hällqvist J, Qureshi AR, Barany P, Heimbürger O, Lindholm B, et al. 

Serum Trimethylamine-N-Oxide Is Strongly Related to Renal Function and Predicts 

Outcome in Chronic Kidney Disease. PLoS One. 2016;11(1):e0141738. 

 

62. Nam HS. Gut Microbiota and Ischemic Stroke: The Role of Trimethylamine N-Oxide. J 

Stroke. 2019;21(2):151-9. 

 

63. Heianza Y, Ma W, Manson JE, Rexrode KM, Qi L. Gut Microbiota Metabolites and 

Risk of Major Adverse Cardiovascular Disease Events and Death: A Systematic Review 

and Meta-Analysis of Prospective Studies. J Am Heart Assoc. 2017;6(7). 

 

64. Sumida K, Kovesdy CP. The gut-kidney-heart axis in chronic kidney disease. Physiol 

Int. 2019;106(3):195-206. 

 



 

80 

65. Ahmad AF, Dwivedi G, O'Gara F, Caparros-Martin J, Ward NC. The gut microbiome 

and cardiovascular disease: current knowledge and clinical potential. Am J Physiol Heart 

Circ Physiol 2019;317(5):H923-H938. 

 

66. Budzyński J, Wiśniewska J, Ciecierski M, Kędzia A. Association between Bacterial 

Infection and Peripheral Vascular Disease: A Review. Int J Angiol 2016;25(1):3-13. 

 

67. Heianza Y, Ma W, DiDonato JA, Sun Q, Rimm EB, Hu FB et al. Long-Term Changes 

in Gut Microbial Metabolite Trimethylamine N-Oxide and Coronary Heart Disease Risk. J 

Am Coll Cardiol 2020;75(7):763-772. 

 

68. Jensen AB, Ajslev TA, Brunak S, Sørensen TI. Long-term risk of cardiovascular and 

cerebrovascular disease after removal of the colonic microbiota by colectomy: a cohort 

study based on the Danish National Patient Register from 1996 to 2014. BMJ Open 

2015;5(12):e008702. 

 

69. Jie Z, Xia H, Zhong SL, Feng Q, Li S, Liang S et al. The gut microbiome in 

atherosclerotic cardiovascular disease. Nat Commun 2017;8(1):845. 

 

70. Jonsson AL, Bäckhed F. Role of gut microbiota in atherosclerosis. Nat Rev Cardiol 

2017;14(2):79-87. 

 

71. Kaysen GA, Johansen KL, Chertow GM, Dalrymple LS, Kornak J, Grimes B et al. 

Associations of Trimethylamine N-Oxide With Nutritional and Inflammatory Biomarkers 

and Cardiovascular Outcomes in Patients New to Dialysis. J Ren Nutr 2015;25(4):351-356. 

 

72. Meyer KA, Benton TZ, Bennett BJ, Jacobs DR, Lloyd-Jones DM, Gross MD et al. 

Microbiota-Dependent Metabolite Trimethylamine N-Oxide and Coronary Artery Calcium 

in the Coronary Artery Risk Development in Young Adults Study (CARDIA). J Am Heart 

Assoc 2016;5(10). 

 

73. Senthong V, Li XS, Hudec T, Coughlin J, Wu Y, Levison B et al. Plasma 

Trimethylamine N-Oxide, a Gut Microbe-Generated Phosphatidylcholine Metabolite, Is 

Associated With Atherosclerotic Burden. J Am Coll Cardiol 2016;67(22):2620-2628. 

 



 

 81 

74. Senthong V, Wang Z, Fan Y, Wu Y, Hazen SL, Tang WH. Trimethylamine N-Oxide 

and Mortality Risk in Patients With Peripheral Artery Disease. J Am Heart Assoc 

2016;5(10). 

 

75. Shafi T, Powe NR, Meyer TW, Hwang S, Hai X, Melamed ML et al. Trimethylamine 

N-Oxide and Cardiovascular Events in Hemodialysis Patients. J Am Soc Nephrol 

2017;28(1):321-331. 

 

76. Stubbs JR, Stedman MR, Liu S, Long J, Franchetti Y, West RE et al. Trimethylamine. 

Clin J Am Soc Nephrol 2019;14(2):261-267. 

 

77. Tang WHW, Bäckhed F, Landmesser U, Hazen SL. Intestinal Microbiota in 

Cardiovascular Health and Disease: JACC State-of-the-Art Review. J Am Coll Cardiol 

2019;73(16):2089-2105. 

 

78. van den Munckhof ICL, Kurilshikov A, Ter Horst R, Riksen NP, Joosten LAB, 

Zhernakova A et al. Role of gut microbiota in chronic low-grade inflammation as potential 

driver for atherosclerotic cardiovascular disease: a systematic review of human studies. 

Obes Rev 2018;19(12):1719-1734. 

 

79. Xu J, Yang Y. Implications of gut microbiome on coronary artery disease. Cardiovasc 

Diagn Ther 2020;10(4):869-880. 

 

80. Yamashita T, Kasahara K, Emoto T, Matsumoto T, Mizoguchi T, Kitano N et al. 

Intestinal Immunity and Gut Microbiota as Therapeutic Targets for Preventing 

Atherosclerotic Cardiovascular Diseases. Circ J 2015;79(9):1882-1890. 

 

81. Yang S, Li X, Yang F, Zhao R, Pan X, Liang J et al. Gut Microbiota-Dependent Marker 

TMAO in Promoting Cardiovascular Disease: Inflammation Mechanism, Clinical 

Prognostic, and Potential as a Therapeutic Target. Front Pharmacol 2019;10:1360. 

 

82. Zhao Y, Wang Z. Impact of trimethylamine N-oxide (TMAO) metaorganismal pathway 

on cardiovascular disease. J Lab Precis Med 2020;5. 

 



 

82 

83. Zhu Y, Li Q, Jiang H. Gut microbiota in atherosclerosis: focus on trimethylamine N-

oxide. APMIS 2020;128(5):353-366. 

 

84. Winther SA, Øllgaard JC, Tofte N, et al. Utility of Plasma Concentration of 

Trimethylamine N-Oxide in Predicting Cardiovascular and Renal Complications in 

Individuals With Type 1 Diabetes. Diabetes Care. 2019;42(8):1512-1520. 

 
85. Ragonnaud E, Biragyn A. Gut microbiota as the key controllers of "healthy" aging of 

elderly people. Immun Ageing. 2021;18(1):2. 

 

86. David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the 

human gut microbiome. Nature. 2014;505(7484):559-563. 

 

87. Stanford J, Charlton K, Stefoska-Needham A, Ibrahim R, Lambert K. The gut 

microbiota profile of adults with kidney disease and kidney stones: a systematic review of 

the literature. BMC Nephrol. 2020;21(1): 215. 

 

88. Ramezani A, Raj DS. The gut microbiome, kidney disease, and targeted interventions. J 

Am Soc Nephrol. 2014;25(4):657-670. 

 

89. Ravid JD, Kamel MH, Chitalia VC. Uraemic solutes as therapeutic targets in CKD-

associated cardiovascular disease. Nat Rev Nephrol. 2021;17(6):402-416. 

 

90. Szeto CC, McIntyre CW, Li PK. Circulating Bacterial Fragments as Cardiovascular 

Risk Factors in CKD. J Am Soc Nephrol. 2018;29(6):1601-1608. 

 

91. McIntyre CW, Harrison LE, Eldehni MT, et al. Circulating endotoxemia: a novel factor 

in systemic inflammation and cardiovascular disease in chronic kidney disease. Clin J Am 

Soc Nephrol. 2011;6(1):133-141. 

 

92. Graboski AL, Redinbo MR. Gut-derived protein-bound uremic toxins. Toxins 2020; 

12:590. 

 

93. Honda K, Littman DR. The microbiota in adaptive immune homeostasis and disease. 

Nature. 2016;535(7610):75-84. 



 

 83 

94. Anders HJ, Andersen K, Stecher B. The intestinal microbiota, a leaky gut, and 

abnormal immunity in kidney disease. Kidney Int. 2013;83(6):1010-6. 

 

95. Wolfe RA, McCullough KP, Leichtman AB. Predictability of survival models for 

waiting list and transplant patients: calculating LYFT. Am J Transplant. 2009;9(7): 1523-

1527. 

 

96. Gill JS, Schaeffner E, Chadban S, et al. Quantification of the early risk of death in 

elderly kidney transplant recipients. Am J Transplant. 2013;13(2): 427-432. 

 

97. Heldal K, Hartmann A, Grootendorst DC, et al. Benefit of kidney transplantation 

beyond 70 years of age. Nephrol Dial Transplant. 2010;25(5): 1680-1687. 

 

98. Savoye E, Tamarelle D, Chalem Y, Rebibou JM, Tuppin P. Survival benefits of kidney 

transplantation with expanded criteria deceased donors in patients aged 60 years and over. 

Transplantation. 2007;84(12):1618-1624. 

 

99. Rao PS, Merion RM, Ashby VB, Port FK, Wolfe RA, Kayler LK. Renal transplantation 

in elderly patients older than 70 years of age: results from the Scientific Registry of 

Transplant Recipients. Transplantation. 2007;83(8):1069-1074. 

 

100. Lloveras J, Arcos E, Comas J, Crespo M, Pascual J. A paired survival analysis 

comparing hemodialysis and kidney transplantation from deceased elderly donors older 

than 65 years. Transplantation. 2015;99(5):991-996. 

 

101. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, 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(23):1725-30. 

 

102. Hellemans R, Kramer A, De Meester J, et al. Does kidney transplantation with a 

standard or expanded criteria donor improve patient survival? Results from a Belgian 

cohort. Nephrol Dial Transplant. 2021;36(5):918-926. 

 



 

84 

103. Hellemans R, Stel VS, Jager KJ, Bosmans JL, Abramowicz D. Do elderly recipients 

really benefit from kidney transplantation? Transplant Rev (Orlando). 2015;29(4): 197-201. 

 

104. Hod T, Goldfarb-Rumyantzev AS. Clinical issues in renal transplantation in the 

elderly. Clin Transplant. 2015;29(2): 167-175. 

 

105. Van Sandwijk MS, Ten Berge IJ, Majoie CB, Caan MW, De Sonneville LM, Van 

Gool WA, et al. Cognitive Changes in Chronic Kidney Disease and After Transplantation. 

Transplantation. 2016;100(4):734-42. 

 

106. Pravisani R, Isola M, Baccarani U, Crestale S, Tulissi P, Vallone C, et al. Impact of 

kidney transplant morbidity on elderly recipients' outcomes. Aging Clin Exp Res. 2020. 

 

107. Sutherland AI, IJzermans JN, Forsythe JL, Dor FJ. Kidney and liver transplantation in 

the elderly. Br J Surg. 2016;103(2):e62-72. 

 

108. Legeai C, Andrianasolo RM, Moranne O, Snanoudj R, Hourmant M, Bauwens M, et 

al. Benefits of kidney transplantation for a national cohort of patients aged 70 years and 

older starting renal replacement therapy. Am J Transplant. 2018;18(11):2695-707. 

 

109. Chavalitdhamrong D, Gill J, Takemoto S, Madhira BR, Cho YW, Shah T, et al. 

Patient and graft outcomes from deceased kidney donors age 70 years and older: an 

analysis of the Organ Procurement Transplant Network/United Network of Organ Sharing 

database. Transplantation. 2008;85(11):1573-9. 

 

110. Sørensen SS. Rates of renal transplantations in the elderly-data from Europe and the 

US. Transplant Rev (Orlando). 2015;29(4):193-6. 

 

111. Saran R, Li Y, Robinson B, Ayanian J, Balkrishnan R, Bragg-Gresham J, et al. US 

Renal Data System 2014 Annual Data Report: Epidemiology of Kidney Disease in the 

United States. Am J Kidney Dis. 2015;66(1 Suppl 1):Svii, S1-305. 

 

112. Pippias M, Stel VS, Kramer A, Abad Diez JM, Aresté-Fosalba N, Ayav C, et al. 

Access to kidney transplantation in European adults aged 75-84 years and related 



 

 85 

outcomes: an analysis of the European Renal Association-European Dialysis and 

Transplant Association Registry. Transpl Int. 2018;31(5):540-53. 

 

113. Segall L, Nistor I, Pascual J, Mucsi I, Guirado L, Higgins R, et al. Criteria for and 

Appropriateness of Renal Transplantation in Elderly Patients With End-Stage Renal 

Disease: A Literature Review and Position Statement on Behalf of the European Renal 

Association-European Dialysis and Transplant Association Descartes Working Group and 

European Renal Best Practice. Transplantation. 2016;100(10):e55-65. 

 

114. Gill J, Bunnapradist S, Danovitch GM, Gjertson D, Gill JS, Cecka M. Outcomes of 

kidney transplantation from older living donors to older recipients. Am J Kidney Dis. 

2008;52(3):541-552.  

 

115. Pérez-Sáez MJ, Arcos E, Comas J, et al. Survival Benefit From Kidney 

Transplantation Using Kidneys From Deceased Donors Aged ≥75 Years: A Time-

Dependent Analysis. Am J Transplant. 2016;16(9):2724-2733.  

 

116. Ojo AO, Hanson JA, Meier-Kriesche HU, et al. Survival in recipients of marginal 

cadaveric donor kidneys compared with other recipients and wait-listed transplant 

candidates. J Am Soc Nephrol. 2001;12(3):589-597.  

 

117. Messina M, Diena D, Dellepiane S, Guzzo G, Lo Sardo L, Fop F, et al. Long-Term 

Outcomes and Discard Rate of Kidneys by Decade of Extended Criteria Donor Age. Clin J 

Am Soc Nephrol. 2017;12(2):323-31. 

 

118. Ma MK, Lim WH, Craig JC, Russ GR, Chapman JR, Wong G. Mortality among 

Younger and Older Recipients of Kidney Transplants from Expanded Criteria Donors 

Compared with Standard Criteria Donors. Clin J Am Soc Nephrol. 2016 Jan 7;11(1):128-

36. 

 

119. Excell L, Hee K, Russ G: ANZOD Registry Report, Adelaide, South Australia, 

Australia and New Zealand Organ Donation Registry, pp 1–54, 2012 

 

120. OPTN/SRTR 2012 Annual Data Report, Rockville, MD, US Department of Health 

and Human Services, 2014 



 

86 

 

121. Erlandsson H, Qureshi AR, Scholz T, Lundgren T, Bruchfeld A, Stenvinkel P, et al. 

Observational study of risk factors associated with clinical outcome among elderly kidney 

transplant recipients in Sweden - a decade of follow-up. Transpl Int. 2021;34(11):2363-70. 

 

122. Jankowska M, Bzoma B, Małyszko J, et al. Early outcomes and long-term survival 

after kidney transplantation in elderly versus younger recipients from the same donor in a 

matched-pairs analysis. Medicine (Baltimore). 2021;100(51):e28159.  

 

123. Pippias M, Jager KJ, Caskey F, Casula A, Erlandsson H, Finne P, et al. Kidney 

transplant outcomes from older deceased donors: a paired kidney analysis by the European 

Renal Association-European Dialysis and Transplant Association Registry. Transpl Int. 

2018;31(7):708-19. 

 

124. Arcos E, Pérez-Sáez MJ, Comas J, Lloveras J, Tort J, Pascual J, et al. Assessing the 

Limits in Kidney Transplantation: Use of Extremely Elderly Donors and Outcomes in 

Elderly Recipients. Transplantation. 2020;104(1):176-83. 

 

125. Pérez-Sáez MJ, Montero N, Redondo-Pachón D, Crespo M, Pascual J. Strategies for 

an Expanded Use of Kidneys From Elderly Donors. Transplantation. 2017;101(4):727-745.  

 

126. Schopmeyer L, El Moumni M, Nieuwenhuijs-Moeke GJ, Berger SP, Bakker SJL, Pol 

RA. Frailty has a significant influence on postoperative complications after kidney 

transplantation-a prospective study on short-term outcomes. Transpl Int. 2019;32(1):66-74. 

 

127. Pérez Fernández M, Martínez Miguel P, Ying H, Haugen CE, Chu NM, Rodríguez 

Puyol DM, et al. Comorbidity, Frailty, and Waitlist Mortality among Kidney Transplant 

Candidates of All Ages. Am J Nephrol. 2019;49(2):103-10. 

 

128. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty 

in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 

2001;56(3):M146-56. 

 



 

 87 

129. McAdams-DeMarco MA, Law A, Salter ML, Boyarsky B, Gimenez L, Jaar BG, et al. 

Frailty as a novel predictor of mortality and hospitalization in individuals of all ages 

undergoing hemodialysis. J Am Geriatr Soc. 2013;61(6):896-901. 

 

130. Johansen KL, Dalrymple LS, Delgado C, Chertow GM, Segal MR, Chiang J, et al. 

Factors Associated with Frailty and Its Trajectory among Patients on Hemodialysis. Clin J 

Am Soc Nephrol. 2017;12(7):1100-8. 

 

131. McAdams-DeMarco MA, Ying H, Olorundare I, King EA, Desai N, Dagher N, et al. 

Frailty and Health-Related Quality of Life in End Stage Renal Disease Patients of All Ages. 

J Frailty Aging. 2016;5(3):174-9. 

 

132. McAdams-DeMarco MA, Tan J, Salter ML, Gross A, Meoni LA, Jaar BG, et al. 

Frailty and Cognitive Function in Incident Hemodialysis Patients. Clin J Am Soc Nephrol. 

2015;10(12):2181-9. 

 

133. McAdams-DeMarco MA, Olorundare IO, Ying H, Warsame F, Haugen CE, Hall R, et 

al. Frailty and Postkidney Transplant Health-Related Quality of Life. Transplantation. 

2018;102(2):291-9. 

 

134. McAdams-DeMarco MA, Ying H, Thomas AG, Warsame F, Shaffer AA, Haugen CE, 

et al. Frailty, Inflammatory Markers, and Waitlist Mortality Among Patients With End-

stage Renal Disease in a Prospective Cohort Study. Transplantation. 2018;102(10):1740-6. 

 

135. Tsarpali V, Midtvedt K, Lønning K, Bernklev T, Åsberg A, Fawad H, et al. A 

Comorbidity Index and Pretransplant Physical Status Predict Survival in Older Kidney 

Transplant Recipients: A National Prospective Study. Transplant Direct. 2022;8(4):e1307. 

 

136. Chu NM, Chen X, Bae S, Brennan DC, Segev DL, McAdams-DeMarco MA. Changes 

in Functional Status Among Kidney Transplant Recipients: Data From the Scientific 

Registry of Transplant Recipients. Transplantation. 2021;105(9):2104-11. 

 
137. Reese PP, Bloom RD, Shults J, Thomasson A, Mussell A, Rosas SE, et al. Functional 

status and survival after kidney transplantation. Transplantation. 2014;97(2):189-95. 

 



 

88 

138. Zelle DM, Corpeleijn E, Stolk RP, de Greef MH, Gans RO, van der Heide JJ, et al. 

Low physical activity and risk of cardiovascular and all-cause mortality in renal transplant 

recipients. Clin J Am Soc Nephrol 2011 Apr;6(4):898-905 

 

139. Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life 

expectancy in 35 industrialised countries: projections with a Bayesian model ensemble. 

Lancet. 2017;389(10076):1323-35. 

 

140. Shiels PG, Buchanan S, Selman C, Stenvinkel P. Allostatic load and ageing: linking 

the microbiome and nutrition with age-related health. Biochem Soc Trans. 

2019;47(4):1165-72. 

 

141. Peffault de Latour R, Calado RT, Busson M, Abrams J, Adoui N, Robin M, et al. Age-

adjusted recipient pretransplantation telomere length and treatment-related mortality after 

hematopoietic stem cell transplantation. Blood. 2012;120(16):3353-9. 

 

142. de Pádua Netto MV, Bonfim TC, Costa EN, de Lima HV, Netto LC. Cardiovascular 

risk estimated in renal transplant recipients with the Framingham score. Transplant Proc. 

2012;44(8):2337-40. 

 

143. Albugami MM, Panek R, Soroka S, Tennankore K, Kiberd BA. Access to kidney 

transplantation: outcomes of the non-referred. Transplant Res. 2012;1(1):22. 

 

144. Jassal SV, Schaubel DE, Fenton SS. Baseline comorbidity in kidney transplant 

recipients: a comparison of comorbidity indices. Am J Kidney Dis. 2005;46(1):136-42. 

 

145. Kikić Z, Herkner H, Sengölge G, Kozakowski N, Bartel G, Plischke M. Pretransplant 

risk stratification for early survival of renal allograft recipients. Eur J Clin Invest. 

2014;44(2):168-75. 

 

146. Laging M, Kal-van Gestel JA, van de Wetering J, IJzermans JN, Betjes MG, Weimar 

W, et al. A High Comorbidity Score Should Not be a Contraindication for Kidney 

Transplantation. Transplantation. 2016;100(2):400-6. 

 



 

 89 

147. Mansell H, Stewart SA, Shoker A. Validity of cardiovascular risk prediction models in 

kidney transplant recipients. ScientificWorldJournal. 2014;2014:750579. 

 

148. Viramontes Hörner D, Taal MW. Skin autofluorescence: an emerging biomarker in 

persons with kidney disease. Curr Opin Nephrol Hypertens. 2019;28(6):507-12. 

 

149. Koschinsky T, He CJ, Mitsuhashi T, Bucala R, Liu C, Buenting C, et al. Orally 

absorbed reactive glycation products (glycotoxins): an environmental risk factor in diabetic 

nephropathy. Proc Natl Acad Sci U S A. 1997;94(12):6474-9. 

 

150. Mukai H, Svedberg O, Lindholm B, Dai L, Heimbürger O, Barany P, et al. Skin 

autofluorescence, arterial stiffness and Framingham risk score as predictors of clinical 

outcome in chronic kidney disease patients: a cohort study. Nephrol Dial Transplant. 

2019;34(3):442-8. 

 

151. Koetsier M, Lutgers HL, de Jonge C, Links TP, Smit AJ, Graaff R. Reference values 

of skin autofluorescence. Diabetes Technol Ther. 2010;12(5):399-403. 

 

152. Maksimovic J, Phipson B, Oshlack A. A cross-package Bioconductor workflow for 

analysing methylation array data. F1000Res. 2016;5:1281. 

 

153. Lahti L, Shetty S. Microbiome R package, 2017. 

https://doi.org/10.18129/B9.bioc.microbiome 

 

154. Shetty SA, Hugenholtz F, Lahti L, Smidt H, de Vos WM. Intestinal microbiome 

landscaping: insight in community assemblage and implications for microbial modulation 

strategies. FEMS Microbiol Rev. 2017;41(2):182-99. 

 

155. Trego AC, McAteer PG, Nzeteu C, Mahony T, Abram F, Ijaz UZ, et al. Combined 

Stochastic and Deterministic Processes Drive Community Assembly of Anaerobic 

Microbiomes During Granule Flotation. Front Microbiol. 2021;12:666584. 

 

156. Kembel SW, Cowan PD, Helmus MR, Cornwell WK, Morlon H, Ackerly DD, et al. 

Picante: R tools for integrating phylogenies and ecology. Bioinformatics. 

2010;26(11):1463-4. 



 

90 

 

157. Ning D, Deng Y, Tiedje JM, Zhou J. A general framework for quantitatively assessing 

ecological stochasticity. Proc Natl Acad Sci U S A. 2019;116(34):16892-8. 

 

158. Vellend M. Conceptual synthesis in community ecology. Q Rev Biol. 2010;85(2):183-

206.  

 

159. Hellemans R, Jager KJ, Abramowicz D. Transplantation in older individuals: is it 

really better than dialysis? Curr Opin Organ Transplant. 2020;25(1):86-91. 

 

160. The 2009 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice 

Guideline for the Care of Kidney Transplant Recipients 

 

161. Tonelli M, Wanner C, Members KDIGOLGDWG. Lipid management in chronic 

kidney disease: synopsis of the Kidney Disease: Improving Global Outcomes 2013 clinical 

practice guideline. Ann Intern Med. 2014;160(3):182. 

 

162. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 

ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce 

cardiovascular risk. Eur Heart J. 2020;41(1):111-88. 

 

163. Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC, Tomson C, et al. The 

effects of lowering LDL cholesterol with simvastatin plus ezetimibe in patients with 

chronic kidney disease (Study of Heart and Renal Protection): a randomised placebo-

controlled trial. Lancet. 2011;377(9784):2181-92. 

 

164. Jardine AG, Holdaas H, Fellström B, Cole E, Nyberg G, Grönhagen-Riska C, et al. 

fluvastatin prevents cardiac death and myocardial infarction in renal transplant recipients: 

post-hoc subgroup analyses of the ALERT Study. Am J Transplant. 2004;4(6):988-95. 

 

165. Ebert T, Neytchev O, Witasp A, Kublickiene K, Stenvinkel P, Shiels PG. 

Inflammation and Oxidative Stress in Chronic Kidney Disease and Dialysis Patients. 

Antioxid Redox Signal. 2021;35(17):1426-48. 

 



 

 91 

166. Ebert T, Pawelzik SC, Witasp A, Arefin S, Hobson S, Kublickiene K, et al. 

Inflammation and Premature Ageing in Chronic Kidney Disease. Toxins (Basel). 

2020;12(4). 

 

167. Matías-García PR, Ward-Caviness CK, Raffield LM, Gao X, Zhang Y, Wilson R, et 

al. DNAm-based signatures of accelerated aging and mortality in blood are associated with 

low renal function. Clin Epigenetics. 2021;13(1):121. 

 

168. Luttropp K, Nordfors L, McGuinness D, Wennberg L, Curley H, Quasim T, et al. 

Increased Telomere Attrition After Renal Transplantation-Impact of Antimetabolite 

Therapy. Transplant Direct. 2016;2(12):e116. 

 

169. Higgins-Chen AT, Thrush KL, Levine ME. Aging biomarkers and the brain. Semin 

Cell Dev Biol. 2021;116:180-93. 

 

170. Wiertsema SP, van Bergenhenegouwen J, Garssen J, Knippels LMJ. The Interplay 

between the Gut Microbiome and the Immune System in the Context of Infectious Diseases 

throughout Life and the Role of Nutrition in Optimizing Treatment Strategies. Nutrients. 

2021;13(3). 

 

171. Bao X, Wu J. Impact of food-derived bioactive peptides on gut function and health. 

Food Res Int. 2021;147:110485. 

 

172. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D, et al. Systematic review: 

kidney transplantation compared with dialysis in clinically relevant outcomes. Am J 

Transplant. 2011;11(10):2093-109. 

 

173. Zoccali C, London G. Con: vascular calcification is a surrogate marker, but not the 

cause of ongoing vascular disease, and it is not a treatment target in chronic kidney disease. 

Nephrol Dial Transplant. 2015;30(3):352-7. 

 

174. Raggi P, Bellasi A, Bushinsky D, Bover J, Rodriguez M, Ketteler M, et al. Slowing 

Progression of Cardiovascular Calcification With SNF472 in Patients on Hemodialysis: 

Results of a Randomized Phase 2b Study. Circulation. 2020;141(9):728-39. 

 



 

92 

175. Bellasi A, Raggi P, Bover J, Bushinsky DA, Chertow GM, Ketteler M, et al. Trial 

design and baseline characteristics of CaLIPSO: a randomized, double-blind placebo-

controlled trial of SNF472 in patients receiving haemodialysis with cardiovascular 

calcification. Clin Kidney J. 2021;14(1):366-74. 

 

176. Kasiske BL, Klinger D. Cigarette smoking in renal transplant recipients. J Am Soc 

Nephrol. 2000;11(4):753-9. 

 

177. Banas MC, Banas B, Orth SR, Langer V, Reinhold SW, Weingart C, et al. Traditional 

and nontraditional cardiovascular risk factors and estimated risk for coronary artery disease 

in renal transplant recipients: a single-center experience. Nephron Clin Pract. 

2011;119(3):c227-35. 

 

178. Stenvinkel P, Zoccali C, Ikizler TA. Obesity in CKD--what should nephrologists 

know? J Am Soc Nephrol. 2013;24(11):1727-36. 

 

179. Memarian E, Nilsson PM, Zia I, Christensson A, Engström G. The risk of chronic 

kidney disease in relation to anthropometric measures of obesity: A Swedish cohort study. 

BMC Nephrol. 2021;22(1):330. 

 

180. Lidin M, Hellenius ML, Rydell Karlsson M, Ekblom-Bak E. Effects of Structured 

Lifestyle Education Program for Individuals With Increased Cardiovascular Risk 

Associated With Educational Level and Socioeconomic Area. Am J Lifestyle Med. 

2021;15(1):28-38. 

 

181. Wiertsema SP, van Bergenhenegouwen J, Garssen J, Knippels LMJ. The Interplay 

between the Gut Microbiome and the Immune System in the Context of Infectious Diseases 

throughout Life and the Role of Nutrition in Optimizing Treatment Strategies. Nutrients. 

2021;13(3). 

 

182. Venter C, Eyerich S, Sarin T, Klatt KC. Nutrition and the Immune System: A 

Complicated Tango. Nutrients. 2020;12(3). 

 

183. Wastyk HC, Fragiadakis GK, Perelman D, Dahan D, Merrill BD, Yu FB, et al. Gut-

microbiota-targeted diets modulate human immune status. Cell. 2021;184(16):4137-53.e14. 



 

 93 

 

184. Ramos-Lopez O, Milagro FI, Allayee H, Chmurzynska A, Choi MS, Curi R, et al. 

Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for 

Precision Nutrition Involving the Prevention and Management of Chronic Diseases 

Associated with Obesity. J Nutrigenet Nutrigenomics. 2017;10(1-2):43-62. 

 

185. Mafra D, Borges NA, Lindholm B, Shiels PG, Evenepoel P, Stenvinkel P. Food as 

medicine: targeting the uraemic phenotype in chronic kidney disease. Nat Rev Nephrol. 

2021;17(3):153-71. 

 

186. Ephraim E, Jewell DE. Effect of Added Dietary Betaine and Soluble Fiber on 

Metabolites and Fecal Microbiome in Dogs with Early Renal Disease. Metabolites. 

2020;10(9). 

 

187. Wang JW, Kuo CH, Kuo FC, Wang YK, Hsu WH, Yu FJ, et al. Fecal microbiota 

transplantation: Review and update. J Formos Med Assoc. 2019;118 Suppl 1:S23-S31. 

 

188. Kelly CR, Ihunnah C, Fischer M, Khoruts A, Surawicz C, Afzali A, et al. Fecal 

microbiota transplant for treatment of Clostridium difficile infection in 

immunocompromised patients. Am J Gastroenterol. 2014;109(7):1065-71. 

 

189. Agrawal M, Aroniadis OC, Brandt LJ, Kelly C, Freeman S, Surawicz C, et al. The 

Long-term Efficacy and Safety of Fecal Microbiota Transplant for Recurrent, Severe, and 

Complicated Clostridium difficile Infection in 146 Elderly Individuals. J Clin 

Gastroenterol. 2016;50(5):403-7. 

 

190. Abu-Sbeih H, Ali FS, Wang Y. Clinical Review on the Utility of Fecal Microbiota 

Transplantation in Immunocompromised Patients. Curr Gastroenterol Rep. 2019;21(4):8. 

 

191. Bastos RMC, Simplício-Filho A, Sávio-Silva C, Oliveira LFV, Cruz GNF, Sousa EH, 

et al. Fecal Microbiota Transplant in a Pre-Clinical Model of Type 2 Diabetes Mellitus, 

Obesity and Diabetic Kidney Disease. Int J Mol Sci. 2022;23(7). 

 



 

94 

192. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. 

1987;40(5):373-83. 

 

193. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and 

validating the Charlson comorbidity index and score for risk adjustment in hospital 

discharge abstracts using data from 6 countries. Am J Epidemiol. 2011;173(6):676-82. 

 

194. Radovanovic D, Seifert B, Urban P, Eberli FR, Rickli H, Bertel O, et al. Validity of 

Charlson Comorbidity Index in patients hospitalised with acute coronary syndrome. 

Insights from the nationwide AMIS Plus registry 2002-2012. Heart. 2014;100(4):288-94. 

 

 

 

 

 


