& UNIVERSITY OF HELSINKI

|
https://helda.helsinki.fi

Effect of comorbidities on survival in patients > 80
years of age at onset of renal replacement therapy:

data from the ERA-EDTA Registry
Helve, J; Kramer, A; Diez, JIMA; Areste-Fosalba, N; Arici, M ...

2021-04

Oxford University Press

http://hdl.handle.net/10138/344014

Helve, J, Kramer, A, Diez, JMA, Areste-Fosalba, N, Arici, M, Cases, A, Collart, F, Heaf, J,
De Meester, J, Nordio, M, Palsson, R, Pobes, A, Rydell, H, Reisaeter, AV, Massy, ZA,
Jager, KJ & Finne, P 2021, 'Effect of comorbidities on survival in patients > 80 years of
age at onset of renal replacement therapy: data from the ERA-EDTA Registry’,
Nephrology Dialysis Transplantation, vol. 36, no. 4, pp. 688-694. https://doi.org/10.1093
/ndt/gfaa278

Downloaded from Helda, University of Helsinki institutional repository. https://helda.helsinki.fi
This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.


https://helda.helsinki.fi
http://hdl.handle.net/10138/344014
https://helda.helsinki.fi

&3}
=
=
E—q
>
<
(-
=
Z
<
=
®)

33. Wu TT, Chang CY, Hsu WM et al. Nutritional status of vegetarians on 39. Millward DJ. The nutritional value of plant-based diets in relation to
maintenance haemodialysis. Nephrology (Carlton) 2011; 16: 582-587 human amino acid and protein requirements. Proc Nutr Soc 1999; 58:

34. Kandouz S, Mohamed AS, Zheng Y et al. Reduced protein bound uraemic 249-260
toxins in vegetarian kidney failure patients treated by haemodiafiltration. 40. Young VR, Pellett PL. Plant proteins in relation to human protein and
Hemodial Int 2016; 20: 610-617 amino acid nutrition. Am J Clin Nutr 1994; 59: 1203S-1212S

35. Tseng CY, Wu TT, Lai CW et al. Vegetarian diet may ameliorate uremic 41. Joshi S, Shah S, Kalantar-Zadeh K. Adequacy of plant-based proteins in
pruritus in hemodialysis patients. Ren Fail 2018; 40: 514-519 chronic kidney disease. ] Ren Nutr 2019; 29: 112-117

36. Chan M, Kelly J, Tapsell L. Dietary modeling of foods for advanced CKD 42. Saglimbene VM, Wong G, Craig JC et al. The association of Mediterranean
based on general healthy eating guidelines: what should be on the plate? Am and DASH diets with mortality in adults on hemodialysis: the DIET-HD mul-
] Kidney Dis 2017; 69: 436-450 tinational cohort study. J Am Soc Nephrol 2018; 29: 1741-1751

37. Millward DJ. Identifying recommended dietary allowances for protein and 43. Saglimbene VM, Wong G, Teixeira-Pinto A et al. Dietary patterns and mor-
amino acids: a critique of the 2007 WHO/FAO/UNU report. Br J Nutr tality in a multinational cohort of adults receiving hemodialysis. Am |
2012; 108(Suppl 2): S3-S21 Kidney Dis 2019; 75: 361-372

38. Rand WM, Pellett PL, Young VR. Meta-analysis of nitrogen balance studies

for estimating protein requirements in healthy adults. Am J Clin Nutr 2003;
77:109-127

Received: 15.4.2020; Editorial decision: 24.6.2020

Nephrol Dial Transplant (2021) 36: 688-694
doi: 10.1093/ndt/gfaa278
Advance Access publication 4 February 2021

Effect of comorbidities on survival in patients >80 years of
age at onset of renal replacement therapy: data from the
ERA-EDTA Registry

Jaakko Helve'?, Anneke Kramer ® >, Jose Maria Abad Diez*, Nuria Aresté-Fosalba>®, Mustafa Arici’,
Aleix Cases ® ®°, Frederic Collart'®, James Heaf'', Johan De Meester'?, Maurizio Nordio'**,

Runolfur Palsson'>'®, Alfonso Pobes'”, Helena Rydell'®'®, Anna Varberg Reiszter*’, Ziad A. Massy”"*?,
Kitty J. Iager3 and Patrik Finne'?

"Finnish Registry for Kidney Diseases, Helsinki, Finland, >Abdominal Center Nephrology, University of Helsinki, Helsinki University Hospital,

Helsinki, Finland, 3Department of Medical Informatics, ERA-EDTA Registry, Academic Medical Center, University of Amsterdam, Amsterdam

Public Health Research Institute, Amsterdam, The Netherlands, “Renal Registry of Aragon, Aragon Health Service, Zaragoza, Spain,

>Department of Nephrology, University Hospital Virgen Macarena, Seville, Spain, *Information System of the Autonomic Transplant

Coordination of Andalucia (SICATA), Andalucia, Spain, 7Departmen’[ of Nephrology, Faculty of Medicine, Hacettepe University, Ankara,

Turkey, ®Department of Nephrology, Hospital Clinic, Universitat de Barcelona, IDIBAPS, Barcelona, Spain, *Registre de Malalts Renals de

Catalunya, Barcelona, Spaianrencthelgian ESRD Registry (GNFB), Brussels, Belgium, “Department of Medicine, Zealand University

Hospital, Roskilde, Denmark, '?Department of Nephrology, Dialysis and Hypertension, Dutch-speaking Belgian Renal Registry (NBVN), Sint-

Niklaas, Belgium, '*Veneto Dialysis and Transplantation Registry, Regional Epidemiology System, Padua, Italy, "*Nephrology Dialysis Unit,

Padua, Italy, "°Division of Nephrology, Landspitali-The National University Hospital of Iceland, Reykjavik, Iceland, °Faculty of Medicine,

School of Health Sciences, University of Iceland, Reykjavik, Iceland, 17 Area Gestation Clinica Nefrologia VII-VIII Asturias, Spain, 18Department
of Clinical Sciences Intervention and Technology, Karolinska Institutet, Huddinge, Sweden, 19Department of Internal Medicine, Swedish Renal
Registry, Ryhoy County Hospital, Jénkoping, Sweden, *’Department of Transplantation Medicine, Oslo University Hospital, Rikshospitalet,
Oslo, Norway, 2Division of Nephrology, Amboise Paré University Hospital, APHP, Boulogne-Billancourt, Paris, France and 22[nstitut National
de la Santé et de la Recherche Médicale (INSERM) Unit 1018 team5, Research Centre in Epidemiology and Population Health (CESP),
University of Paris Ouest-Versailles-St Quentin-en-Yveline, Villejuif, France

Correspondence to: Jaakko Helve; E-mail: Jaakko.Helve@Helsinki.fi; Twitter handle: @EraEdtaRegistry

ABSTRACT

Background. The number of elderly patients on renal re-
placement therapy (RRT) is increasing. The survival and
quality of life of these patients may be lower if they have

multiple comorbidities at the onset of RRT. The aim of this
study was to explore whether the effect of comorbidities on
survival is similar in elderly RRT patients compared with
younger ones.
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Methods. Included were 9333 patients >80 years of age and
48352 patients 20-79 years of age starting RRT between 2010
and 2015 from 15 national or regional registries submitting
data to the European Renal Association-European Dialysis and
Transplantation Association Registry. Patients were followed
until death or the end of 2016. Survival was assessed by Kaplan—
Meier curves and the relative risk of death associated with
comorbidities was assessed by Cox regression analysis.

Results. Patients >80 years of age had a greater comorbidity
burden than younger patients. However, relative risks of death
associated with all studied comorbidities (diabetes, ischaemic
heart disease, chronic heart failure, cerebrovascular disease, pe-
ripheral vascular disease and malignancy) were significantly
lower in elderly patients compared with younger patients. Also,
the increase in absolute mortality rates associated with an in-
creasing number of comorbidities was smaller in elderly
patients.

Conclusions. Comorbidities are common in elderly patients
who enter RRT, but the risk of death associated with
comorbidities is less than in younger patients. This should
be taken into account when assessing the prognosis of elderly
RRT patients.

Keywords: comorbidity, elderly, ESKD, renal replacement
therapy, survival

INTRODUCTION

In Europe, the proportion of patients >75 years of age on renal
replacement therapy (RRT) increased from 16% in 2006 to 21%
in 2016 [1, 2]. The increasing life expectancy of the general pop-
ulation [3] is expected to lead to a further expansion of elderly
patients on RRT. Although kidney transplantation rates are in-
creasing, most elderly RRT patients do not receive a transplant
and the selection of in-centre haemodialysis as an RRT modal-
ity is more common than among younger patients [2]. In addi-
tion, the survival of elderly patients on RRT is worse compared
with younger patients [2, 4]. In particular, elderly patients with
comorbidities may not have a survival benefit or improved
health-related quality of life on dialysis compared with conser-
vative treatment of end-stage kidney disease (ESKD) [5-8].

In general, comorbidities have been associated with worse sur-
vival on RRT [9, 10], also among elderly patients [11]. Models
that have been developed to predict the prognosis of RRT patients
include information on age and comorbidities [12-16]. However,
all those models assume that the relative risk of death associated
with comorbidity is the same regardless of the patient’s age.
In patients >80 years of age, estimates of remaining survival time
may have more impact on treatment decisions than in younger
patients and reliable prognostic tools are needed. Still, knowledge
of potential variation in the effect of comorbidity on mortality
across age groups is scarce or non-existent. Therefore our aim was
to quantify the prognostic effect of comorbidity at the initiation of
RRT in patients >80 years of age compared with younger
patients.

Comorbidities and survival in elderly RRT patients

KEY LEARNING POINTS

What is already known about this subject?

» Comorbidities associate with worse survival on renal
replacement therapy (RRT).

* Elderly patients on RRT have more comorbidities
compared with younger patients.

What this study adds?

» Comorbidities do not have such a substantial effect
on the risk of death in patients >80years of age
compared with younger patients.

What impact this may have on practice or policy?

e Variance in effect of comorbidities on survival

according to age should be considered when the
prognosis of these patients is estimated and prognos-
tic indices are built.

MATERIALS AND METHODS
Cohort

This cohort study consisted of incident patients >80 years of
age at the start of RRT from 1 January 2010 to 31 December
2015, retrieved from the European Renal Association-
European Dialysis and Transplantation Association (ERA-
EDTA) Registry. Patients 20-79 years of age from the same na-
tional and regional registries were selected for comparison.
Furthermore, sensitivity analyses were made using three age
groups (patients 20-64, 65-79 and >80years of age).
Individual patient-level data were obtained from seven national
(Austria, Bosnia and Herzegovina, Denmark, Finland, Iceland,
Norway and Sweden) and eight regional (Dutch- and French-
speaking Belgium and Spanish regions of Andalusia, Aragon,
Asturias, Catalonia, Galicia and Valencia) renal registries pro-
viding additional data on the following comorbidities at initia-
tion of RRT: diabetes, ischaemic heart disease, chronic heart
failure, cerebrovascular disease, peripheral vascular disease and
malignancy. The data also included date of birth, date of RRT
onset, sex, primary renal disease, initial treatment modality and
date and cause of death.

Data acquisition

Information on studied comorbidities was available for
the majority of patients and ranged between 95.0% for
ischaemic heart disease to 96.5% for malignancies, except for
data on chronic heart failure, which was only available for
62% of the patients, because not all registries provide this in-
formation. Diabetes was recorded as a comorbidity, both
when it was the primary renal disease and when it was a sepa-
rate comorbid condition. Body mass index (BMI) was avail-
able for 42% of the patients. We divided patients into four
groups of primary renal disease: diabetes, renovascular dis-
ease (including hypertension), glomerulonephritis (primary)
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and other or unknown diagnoses. The list of diagnosis codes
belonging to each group is presented in the ERA-EDTA an-
nual report [1].

Multivariable models were made separately for both age
groups. Chronic heart failure was not included in the models
when assessing the association of other comorbidities with mor-
tality to avoid exclusion of patients with missing data. BMI was
not included in the multivariable models and analyses on the
number of comorbidities due to a large number of patients with
missing data. Patients who received or did not receive kidney
transplantation were not analysed separately due to the small
number of transplantations among elderly patients.

Statistical analysis

When comparing distributions of variables between age
groups, the chi-square test was used for categorical variables
and the Mann-Whitney U-test for continuous variables.
Survival probability was assessed using the Kaplan-Meier
method, while the relative risk of death associated with
comorbidities within each age group was estimated using Cox
proportional hazards regression. The survival time was calcu-
lated from the first day of RRT (dialysis or pre-emptive kidney
transplantation) and patients >80 years of age were followed
until death (65.4%), censoring at loss to follow-up (0.5%),
recovery of renal function (3.3%) or end of the follow-up
period on 31 December 2016 (30.6%). For patients 20-79 years
of age, the corresponding proportions were 34.3, 0.5, 3.7 and
60.8%, respectively. Patients were not censored upon kidney

Table 1. Baseline characteristics of the patients

transplantation. The patient’s age was introduced as a continu-
ous variable in the model. In order to test whether the effect of
comorbidity on survival differed significantly between age
groups, the interaction between age and comorbidity was
assessed by including interaction terms in the Cox regression
models. Two-sided P-values <0.05 were considered statistically
significant. Statistical analyses were performed using SPSS
Statistics version 25 (IBM, Armonk, NY, USA).

RESULTS
Patient characteristics

During the study period, 9333 patients >80 years of age and
48352 patients 20-79 years of age started RRT. The median
follow-up times were 1.74 and 2.65years, respectively.
Renovascular disease was a more common cause of ESKD in
patients >80 years of age than in younger patients, whereas dia-
betes and glomerulonephritis were less common among elderly
patients (Table 1). The median BMI was lower among the el-
derly than the younger patients (25.2 kg/m? versus 26.3 kg/m?
P <0.001). Haemodialysis was more often the initial treatment
modality in elderly patients than in younger patients. Of the
patients >80 years of age, only 0.2% received a kidney trans-
plant during the follow-up period compared with 26.7% of
younger patients.

Comorbidities

Comorbid conditions were more common among patients
>80years of age (Table 1). Elderly patients more frequently

Variable

Patients age 20-79 years

Patients age >80 years

Number of patients 48352 9333
Male gender, n (%) 31855 (65.9) 5715 (61.2) <0.001
Deaths during follow-up, n (%) 16571 (34.3) 6100 (65.4) <0.001
Age at RRT onset (years), median (IQR) 65.0 (19.2) 83.3 (4.1)
BMI (kg/m?), % <0.001
20-30 66.9 76.4
<20 6.9 7.3
>30 26.2 16.3
Primary renal disease, % <0.001
Diabetes 25.3 15.8
Renovascular disease 15.1 30.1
Glomerulonephritis 12.7 49
Other or unknown 46.9 49.2
Initial treatment modality, % <0.001
Haemodialysis 77.8 89.3
Peritoneal dialysis 17.6 10.6
Kidney transplantation 4.6 0.0
Comorbidity, %
Diabetes 39.8 33.8 <0.001
Ischaemic heart disease 232 339 <0.001
Chronic heart failure 21.7 37.0 <0.001
Cerebrovascular disease 12.9 17.8 <0.001
Peripheral vascular disease 16.1 20.8 <0.001
Malignancy 13.5 20.8 <0.001
Number of comorbidities, %
No comorbidity 37.8 25.6 <0.001
Presence of one comorbidity 28.8 29.9
Presence of two comorbidities 17.8 22.8
Presence of three or more comorbidities 15.5 21.7
690 J. Helve et al.
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FIGURE 1: Cumulative survival probability of RRT patients according to number of comorbidities.

Table 2. Relative risk of death according to the type of comorbidity

Patients age 20-79 years, HR (95% CI)

Comorbidity Crude

Age- and
sex-adjusted

Diabetes® 1.67 (1.62-1.72) 1.43 (1.38-1.47)
Ischaemic heart disease 2.12 (2.06-2.19) 1.57 (1.51-1.62)
Chronic heart failure 2.35 (2.25-2.45) 1.72 (1.65-1.80)
Cerebrovascular 1.87 (1.80-1.95) 1.48 (1.42-1.54)
disease

Peripheral vascular 2.03 (1.96-2.10) 1.55 (1.50-1.16)
disease

Malignancy 2.06(1.98-2.14)  1.52 (1.46-1.58)

Multivariable Crude
adjustment

1.35 (1.29-1.41)
133 (1.28-1.38)
1.53 (1.47-1.61)
122 (1.17-1.27)

1.33 (1.28-1.38)

1.51 (1.45-1.57)

Patients age >80 years, HR (95%CI)*

Multivariable
adjustment™”

Age- and sex-adjusted

a,b

1.09 (1.03-1.15)
1.31 (1.24-1.38)
1.51 (1.41-1.61)
1.30 (1.22-1.39)

1.13 (1.07-1.19
1.30 (1.23-1.37
1.49 (1.40-1.59
1.30 (1.22-1.39

) 1.12 (1.04-1.21)
) 1.16 (1.10-1.23)
) 1.44 (1.35-1.55)
) 1.19 (1.12-1.28)

1.27 (1.20-1.35) 1.27 (1.20-1.35) 1.20 (1.12-1.28)

122 (1.14-1.29) 1.19 (1.11-1.26) 1.14 (1.07-1.22)

“Interaction term was significant (P < 0.05) in all analyses between age groups.

"Adjusted for age at RRT onset, sex, initial treatment modality, primary renal disease, other comorbidities and reporting registry.
“Ischaemic heart disease, cerebrovascular disease and peripheral vascular disease were excluded from the multivariable adjustment as these conditions may be involved in the causal

pathway between diabetes and death.
HR: hazard ratio; CI: confidence interval.

had ischaemic heart disease, chronic heart failure, cerebrovas-
cular disease, peripheral vascular disease and malignancies than
younger patients. Only diabetes was more common among
younger patients. Comorbid conditions and pre-emptive kid-
ney transplantation of the patients by registry are presented in
Supplementary data, Table S1.

Survival

During follow-up, 6100 patients >80 years of age and 16 571
patients 20-79 years of age died. Cardiac disease was the most
common cause of death in both age groups. Unadjusted sur-
vival of patients >80 years of age at RRT onset was inferior to
that of the younger patients. During the first year on RRT, the
risk of death among patients >80years of age without any
comorbid conditions was 21%, while it was 33% for patients
with three or more comorbidities. In patients 20-79 years of
age, the risk of death increased from 6% when no comorbidity
was present to 23% when the number of comorbidities was
three or greater (Figure 1). In general, the difference in absolute
risk of death between patients without comorbidity and those
with three or more comorbidities during 5 years after the onset
of RRT was smaller in patients >80 years of age compared with
younger patients.

Comorbidities and survival in elderly RRT patients

Relative risk of death

All individual comorbid conditions as well as an increase in
the number of comorbidities were associated with a greater risk
of death in both age groups. When analysed without adjust-
ment, relative risks of death associated with all the studied
comorbidities were lower in patients >80 years of age compared
with patients 20-79 years of age (Table 2). Adjustment for age
and sex or further multivariable adjustment did not substan-
tially change the results in patients >80 years of age, while rela-
tive risks of death decreased in patients 20-79 years of age due
to wider age distribution in the latter group and strong associa-
tion between age and mortality, as well as age and number of
comorbidities. However, the increase in mortality associated
with comorbidity was higher in younger patients, also after ad-
justment for confounding factors. When examining the rela-
tionship between the number of comorbidities and relative risk
of death, the results were similar, showing a smaller effect of an
increasing number of comorbidities on survival in elderly
patients (Figure 2). Interaction analyses confirmed that all dif-
ferences between the age groups in the effect of the individual
comorbid conditions as well as the number of comorbidities on
survival were statistically significant. In sensitivity analyses, rel-
ative risks of death were assessed according to the time from
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FIGURE 2: Relative risk of death among RRT patients according to the number of comorbidities.

onset of RRT and to different age groups. The results were simi-
lar within and after the first 2 years on RRT. When relative risks
of death were analysed for three age groups (20-64, 65-79 and
>80 years), the relative risk of death associated with all individ-
ual comorbidities as well as the number of comorbidities de-
creased gradually with age.

DISCUSSION

This study extends our knowledge on the absolute and relative
effects of comorbidities on survival of elderly patients starting
RRT, showing that comorbidities affect survival less in elderly
than in younger patients. In addition, our study confirms that
elderly patients have more comorbidities and a higher risk of
death on RRT than younger patients.

To our knowledge, this is the first study to investigate how
the effect of comorbidity on survival among patients on RRT
varies according to age. This new insight helps us to assess how
we should take comorbidities into account when estimating the
prognosis of elderly patients at RRT onset. The strength of this
study is the large cohort from 15 renal registries across Europe
with comprehensive data on comorbidities at the onset of RRT,
age, sex, primary renal disease, initial treatment modality and
survival. The potential limitation is the fact that information on
the severity of the comorbidities was not available. Younger
RRT patients may have more severe comorbidities because el-
derly patients with severe comorbid conditions might have died
before the onset of RRT or conservative treatment was chosen.
Definitions of comorbid conditions were not homogeneous be-
tween the registries [17]. However, as comorbidities were col-
lected in a similar manner within each registry, regardless of the
patients’ age, it should not cause significant bias to our results,
and the results were consistent when analysed by country.
There was also a lack of information on frailty, cognitive

692

impairment, functional status and socio-economic factors,
which have remarkable importance in this setting. In elderly
patients, problems with these factors or heavy comorbidity bur-
den may have led to avoidance of the initiation of dialysis,
whereas this would be unlikely in younger patients. This may
have resulted in the selection of relatively well-preserved elderly
patients with less severe comorbid conditions, thereby underes-
timating the effect of comorbidities on survival in this group.

When considering initiation of dialysis for patients with im-
paired physical or cognitive function, a major question is
whether the treatment is likely to be beneficial [18, 19]. While
the variable incidence of RRT among elderly people is remark-
able in Europe, this finding could not be explained by differen-
ces in patient characteristics, excluding patient age or country
economics [20]. Studies comparing survival between frail el-
derly patients on dialysis and ESKD patients receiving conser-
vative treatment have suggested that dialysis confers little
survival advantage and improvement in quality of life in those
with a severe comorbidity burden [5-7, 21-24]. As our study
included only the patients who initiated RRT, we do not know
how the investigated comorbidities would affect patients’ sur-
vival on conservative treatment. However, our study indicates
that among elderly patients considered fit enough to start RRT,
comorbidities are less relevant to the prognosis than in younger
patients.

It is widely acknowledged that we need better tools to predict
the survival of elderly patients with ESKD in order to assist in
making informed treatment decisions [25]. Various
comorbidity indices have shown potential usefulness in estimat-
ing the risk of death after the onset of RRT [12, 13, 26]. Several
prognostic models have included other factors in addition to
comorbidities [14-16, 27-32]. However, nearly all these studies
have been based on significantly younger patients with a me-
dian age ~20-25 years lower than in our study. Therefore these

J. Helve et al.
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prediction models may not be applicable for patients of ad-
vanced age. Our study suggests that we should not use the same
effect estimates of death associated with comorbidities in young
and elderly patients, because doing so may overestimate the risk
of death in patients >80 years of age. A recent systematic review
and meta-analysis explored 32 prognostic indices predicting
mortality at the start of dialysis, but none of these took into
account variance according to the patient’s age in the risk of
death associated with comorbidity [33]. Notably, studies from
France, Canada and the USA have presented stratification algo-
rithms that include data on comorbidities to predict early mor-
tality in elderly patients when initiating dialysis [31, 32, 34, 35]
and showed that these models could identify elderly patients
with high risk of early mortality. Although factors that affect
the survival of elderly RRT patients are complex, our data imply
that comorbid conditions may have a smaller effect on the rela-
tive risk of death among elderly patients compared with youn-
ger age groups, and this should be considered when the
prognosis of these patients is estimated.

CONCLUSION

The results of this multinational European study suggest that
once patients have been selected for RRT, comorbidities do not
have such a substantial effect on the risk of death in patients
>80 years of age compared with younger patients. Reasons for
the smaller effect of comorbidities on the risk of death in the
elderly may be their higher baseline risk caused by several
age-related factors and differences in the severity of
comorbidities. Nevertheless, it is important to critically assess
whether an elderly patient with multiple comorbidities is likely
to benefit from RRT. Therefore shared decision-making should
be employed when RRT initiation is considered in elderly
patients. To this end, better prognostic tools tailored to elderly
ESKD patients are needed.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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