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Abstract

Aim: Cardiovascular mortality risk evolves over the lifespan of kidney failure (KF), as

patients develop comorbid disease and transition between treatment modalities.

Absolute cardiovascular death rates would help inform clinical practice and health-

care provision, but are not well understood across a continuum of dialysis and trans-

plant states. We aimed to characterize cardiovascular death across the natural history

of KF using a lifespan approach.

Methods: We performed a population-based cohort study of incident patients com-

mencing kidney replacement therapy in Australia and New Zealand. Cardiovascular

deaths were identified using data linkage to national death registers. We estimated

the probability of death and kidney transplant using multi-state models, and calcu-

lated rates of graft failure and cardiovascular death across demographic factors and

comorbidities.

Results: Among 60 823 incident patients followed over 381 874 person-years, 25%

(8492) of deaths were from cardiovascular disease. At 15 years from treatment initia-

tion, patients had a 15.2% probability of cardiovascular death without being

transplanted, but only 2.3% probability of cardiovascular death post-transplant.

Females had a 3% lower probability of cardiovascular death at 15 years (15.3%

vs. 18.6%) but 4% higher probability of non-cardiovascular death (54.5% vs. 50.8%).

Within the first year of dialysis, cardiovascular mortality peaked in the second month

and showed little improvement across treatment era.

Conclusion: Despite improvements over time, cardiovascular death remains common

in KF, particularly among the dialysis population and in the first few months of treat-

ment. Multi-state models can provide absolute measures of cardiovascular mortality

across both dialysis and transplant states.
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SUMMARY AT A GLANCE

In this population-based cohort study using multi-state models (alive without kidney

transplant [KT], CV death without KT, non-CV death without KT, alive after first KT,

CV death after first KT and non-CV death after first KT), the probability of CV death

was higher in non-KT than KT patients at 15 years from treatment. In patients on

dialysis, CV mortality was highest from the second month after commencing dialysis

and remained high thereafter. Thus, the use of multi-state models provides helpful

information on impacts of different treatments with respect to serious outcomes.

1 | INTRODUCTION

Cardiovascular disease is a leading cause of mortality in patients with

kidney failure (KF). In 2018, cardiovascular disease was the most com-

mon cause of death in the Australian and New Zealand population

receiving kidney replacement therapy (KRT), representing 31% of all

deaths.1 The United States Renal Data System reported over half of

all deaths in patients with KF in 2015 were due to cardiovascular cau-

ses.2 Although cardiovascular mortality risk is reduced following kid-

ney transplantation, it remains elevated compared to the general

population and is a major contributor to graft loss.1–4

Progression of KF and changes in comorbidity burden may result

in varying cardiovascular mortality risk over a patient's lifespan. Path-

ological changes that occur in association with declining kidney func-

tion, such as left ventricular hypertrophy and vascular calcification,

may accelerate on dialysis and decrease the effectiveness of conven-

tional therapies.5–7 For instance, there is no evidence that statins have

significant mortality benefit in patients with KF,8 while warfarin and

aspirin may increase the risk of major bleeding in patients with chronic

kidney disease.9–11 Moreover, the lived experience of KF patients

often involves transitions between dialysis and kidney transplant, and

it is unclear how cardiovascular mortality varies across these modality

changes. Although kidney transplantation slows the progression of

cardiovascular disease, patients with higher-risk cardiovascular com-

orbidities may be excluded from transplantation.12–15 Guidelines for

cardiac screening and transplant eligibility vary internationally, and

there is a lack of high-quality evidence for specific screening

practices.12–15

It is important for clinicians, patients and researchers to under-

stand how cardiovascular prognosis evolves over the lifespan of a per-

son with KF and varies with KF treatment. Trials of new treatments

require estimates of event rates and health states, while insights into

lifetime risk can inform shared decision making, research and health

service planning. Our study objective was to describe the epidemiol-

ogy of cardiovascular death (specifically cardiac and peripheral vascu-

lar deaths excluding stroke) across the lifespan of KF. In particular, we

aimed to understand the effects of multimorbidity and KRT modality

on cardiovascular mortality rates. We further aimed to characterize

changes in cardiovascular death across treatment era.

2 | MATERIALS AND METHODS

2.1 | Study population

We performed a population-based cohort study on incident patients

with KF receiving KRT from the Australian and New Zealand Dialysis

and Transplant registry (ANZDATA). ANZDATA prospectively collects

data on people receiving dialysis and kidney transplants in Australia

and New Zealand centres. Data collection and validation methods

have been described in detail elsewhere.16 Briefly, information col-

lected includes patient demographics (date of birth; sex; ethnicity;

body mass index; and smoking status), comorbidities (diabetes; cere-

brovascular disease; coronary artery disease; peripheral artery disease;

and malignancies) and KRT history (KRT modality; date of treatment

initiation and modality switches; and cause of KF). Body mass index

and smoking status were not routinely collected before 1990.

2.2 | Death outcome and data linkage

We determined the date and cause of death of patients receiving KRT

using data linkage with respective national death registers in Australia

and New Zealand. We linked Australian patients with the National

Death Index, which is maintained by the Australian Institute of Health

and Welfare (AIHW) and has collected data on all deaths since 1980.

Linkage was performed using probabilistic methods, matching on

identifiers including full name, sex, date of birth and date of death. For

New Zealand, we linked patients to the Mortality Collection database,

which is maintained by the New Zealand Ministry of Health and

records information on all deaths from 1988. New Zealand patients

were linked using deterministic record linkage based on National

Health Index number. There is data lag, and when linkage was per-

formed, the most recent data available in death registries was until

2013 in Australia and 2012 in New Zealand. Therefore, our analysis

included incident patients commencing KRT in 1980–2013 for

Australia and 1988–2012 for New Zealand.

Data linkage was performed by the AIHW and New Zealand

Ministry of Health using best-practice privacy-preserving protocols.

All linked data was de-identified before being made available to
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researchers. Ethical oversight was granted for this study from the

University of Sydney (Project No.: 2014/917), AIHW (Reference No.:

EO2015/3/181) and the New Zealand Ministry of Health (Reference

No.: 14/NTB/171).

2.3 | Cause of death

Australian and New Zealand national death registers provide ICD-

10-AM diagnosis codes for each individual's underlying cause of

death, based on the main disease or injury which led to death, and

contributing causes of death, based on other diseases or injuries that

contributed to the death. ICD-10 is an internationally agreed global

health information standard for mortality and morbidity statistics,

used by over 100 countries to report and compare health outcomes.17

Cardiovascular deaths were identified from each individual's underly-

ing cause of death, as obtained via data linkage with national death

registers. They were defined by the following ICD-10-AM codes:

hypertensive heart disease (I11), coronary heart disease (I20-I25),

valve disease (I34-I37), cardiomyopathy (I42-I43), arrhythmias

(I44-I49), heart failure (I50), peripheral vascular disease (I70-I74,

I77-I79) and stroke deaths (I60-64, G45).

2.4 | Statistical analyses

The patient follow-up period was from date of first KRT to the earliest

of either the date of death, 31 December 2013 (Australian patients)

or 31 December 2012 (New Zealand patients). Patient demographics

were summarized using absolute counts and percentages. We esti-

mated cardiovascular mortality rates from KRT initiation, stratified by

patient factors including age, sex, calendar year and pre-existing com-

orbidities (cerebrovascular disease, coronary artery disease, peripheral

artery disease). Graft failure rates were calculated post-transplant,

stratified by age, sex and pre-existing cardiovascular comorbidities. To

provide estimates on patient survival with a functioning graft, we also

determined rates of composite graft failure and death by censoring

patients at the earliest of either event.

Multi-state models were used to estimate the probability of

patients being in health states over time since KRT. Our multi-state

model included six possible states: alive without transplant, cardiovas-

cular death without transplant, non-cardiovascular death without

transplant, alive after first transplant, cardiovascular death after first

transplant and non-cardiovascular death after first transplant. Proba-

bility of transitions was determined using Aalen-Johansen estimates,

while SEs were computed using an infinitesimal jack-knife.18 Probabil-

ities of cardiovascular and non-cardiovascular death were also esti-

mated in the study population and in those with a kidney transplant,

stratified by sex.

We used cause-specific hazard models to evaluate risk factors

associated with cardiovascular and non-cardiovascular death, and

cardiovascular sub-causes including cardiac, peripheral vascular and

valvular deaths. Covariates were selected a priori based on data

available in ANZDATA, and included: age/year at KRT initiation, sex,

country, BMI category (underweight, ≤18.4 kg/m2; Normal, 18.5–

24.9 kg/m2; overweight, 25.0–29.9 kg/m2; and obese, ≥30.0 kg/m2),

ethnicity, comorbidities, smoking history and cause of KF. Missing

values for BMI and smoking history in patients diagnosed ≤1990 were

imputed using chained equations with five iterations. Covariates used

for the imputation included death outcome, log-time of follow up, and

all variables in the cause-specific hazards model.

Data were analysed using Stata version 15 (Stata Corporation,

College Station, TX, United States).

3 | RESULTS

3.1 | Patient characteristics

The study included 60 823 incident patients receiving KRT in

Australia (1980–2013) and New Zealand (1988–2012) (Figure S1).

Median follow-up time was 4.0 years (IQR:1.7–8.4), with 381 874

person-years of observation. By the end of the study period, 26 505

(44%) patients were still alive and 34 318 (56%) patients had died

(Table 1). During follow up, 43 190 (71%) patients were treated with

dialysis alone and 17 633 (29%) received at least one kidney trans-

plant, of which 1649 were treated pre-emptively. The majority of

patients (69%) were aged ≥50 at KRT initiation (median age 59 years,

IQR: 46–69). Most patients were male (58%), of European ethnicity

(76%), and began KRT after 1995 (74%). Diabetes was the most com-

mon cause of KF (28%), followed by glomerulonephritis/IgA nephrop-

athy (27%), other causes (26%), hypertension/renal artery disease

(12%) and polycystic kidney disease (7%).

Of 34 318 patients who had died, 8492 deaths (25%) were due

to cardiovascular disease while 25 826 (75%) were from other causes.

Patients who died from cardiovascular disease were more commonly

male (63% vs. 56%) and of European ethnicity (81% vs. 78%).

Haemodialysis was the most common KRT modality at time of death

(62%), followed by peritoneal dialysis (28%) and transplant (9%).

3.2 | Likelihood of cardiovascular deaths since KRT
(multi-state probabilities)

Cardiovascular death occurred in 2.7% (95% CI:2.5–2.8%) of dialysis

patients at 1 year from KRT initiation, growing to 10.3% (95%

CI:10.1%–10.6%) at 5 years and 15.2% (95% CI:14.9%–15.6%) at

15 years (Figure 1). Cardiovascular mortality after first transplant was

less common, occurring in 0.4% (95% CI: 0.3%–0.4%) of all patients

receiving KRT at 5 years and slowly increasing to 2.3% (95% CI:2.2%–

2.5%) at 15 years. Non-cardiovascular mortality was more common in

both dialysis and transplant patients, occurring in over half of patients

by 15 years. Concurrently, the proportion transitioning to kidney trans-

plant increased from 10.6% (95% CI:10.3%–10.8%) at 1 year to 27.7%

(95% CI:27.3%–28.1%) at 10 years. The multi-state probability of being

alive without transplant decreased from 78.7% (95% CI:78.4%–79.0%)
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TABLE 1 Characteristics of patients receiving kidney replacement therapy in Australia and New Zealand

Characteristics

Cardiac/vascular deaths Non-cardiac/vascular deaths Alive Total

n (%)a n (%)a n (%)a n (%)a

Total (%)b 8492 (14) 25 826 (42) 26 505 (44) 60 823 (100)

Age at KRT (years)

≤29 151 (2) 1024 (4) 3913 (15) 5088 (8)

30–49 1212 (14) 4364 (17) 8231 (31) 13 807 (23)

50–64 3045 (36) 8701 (34) 8234 (31) 19 980 (33)

65–74 2562 (30) 7357 (28) 3923 (15) 13 842 (23)

≥75 1522 (18) 4380 (17) 2204 (8) 8106 (13)

Median [IQR] 64 [55, 72] 63 [52, 71] 51 [38, 63] 59 [46, 69]

Sex

Female 3125 (37) 11 248 (44) 10 669 (40) 25 042 (41)

Male 5367 (63) 14 578 (56) 15 836 (60) 35 781 (59)

Year of KRT

≤1995 3220 (38) 8674 (34) 3488 (13) 15 382 (25)

1996–2005 3627 (43) 11 440 (44) 7048 (27) 22 115 (36)

2006–2013 1645 (19) 5712 (22) 15 969 (60) 23 326 (38)

Country

Australia 7242 (85) 21 750 (84) 22 459 (85) 51 451 (85)

New Zealand 1250 (15) 4076 (16) 4046 (15) 9372 (15)

Ethnicityc

European 6898 (81) 20 125 (78) 19 002 (72) 46 025 (76)

East Asian 388 (5) 1355 (5) 2612 (10) 4357 (7)

Aboriginal Australian 481 (6) 1862 (7) 1904 (7) 4247 (7)

Maori 467 (6) 1619 (6) 1154 (4) 3240 (5)

Pacific Island peoples 211 (2) 728 (3) 1320 (5) 2259 (4)

African and Middle Eastern 41 (0.5) 117 (0.5) 334 (1) 492 (1)

Peoples of the Americas 0 (<0.1) 4 (<0.1) 15 (<0.1) 19 (<0.1)

Other 6 (<0.1) 16 (<0.1) 165 (1) 187 (0.3)

Body mass index (mg/kg2)

Underweight (<18.5) 254 (3) 1052 (4) 1396 (5) 2702 (4)

Normal (18.5–24.9) 2632 (31) 8383 (32) 8851 (33) 19 866 (33)

Overweight (25.0–29.9) 2227 (26) 6652 (26) 7762 (29) 16 641 (27)

Obese (≥30) 1608 (19) 5085 (20) 7079 (27) 13 772 (23)

Not collected 1771 (21) 4654 (18) 1417 (5) 7842 (13)

Comorbidities at KRT

Cerebrovascular disease 1561 (18) 4078 (16) 2037 (8) 7676 (13)

Diabetes 2855 (34) 10 321 (40) 8541 (32) 21 717 (36)

Coronary artery disease 4364 (53) 10 318 (40) 6103 (23) 20 785 (34)

Peripheral artery disease 2628 (31) 7111 (28) 3634 (14) 13 373 (22)

Previous malignancy 1819 (21) 8096 (31) 5873 (22) 15 788 (26)

Smoking status

Current/former 4235 (50) 12 259 (47) 11 895 (45) 28 389 (47)

Never 2683 (32) 9617 (37) 13 561 (51) 25 861 (43)

Not collected 1574 (19) 3950 (15) 1049 (4) 6573 (11)

Cause of kidney failure

Diabetes 2151 (25) 8023 (31) 6735 (25) 16 909 (28)

(Continues)
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at 1 year to 10.3% (95% CI:10.0%–10.6%) at 10 years after KRT. After

15 years of KRT, over 80% of living patients had received a transplant.

At 15 years from treatment initiation, females had a 3% lower

probability of cardiovascular death at 15 years (15.3% vs. 18.6%), but

4% higher probability of non-cardiovascular death (54.5% vs. 50.8%)

(Figure S2A). Similarly, females had lower rates of cardiovascular

death post-transplant compared to males at 15 years (7.1% vs. 9.1%)

but higher rates of non-cardiovascular death (28.6% vs. 27.7%)

TABLE 1 (Continued)

Characteristics

Cardiac/vascular deaths Non-cardiac/vascular deaths Alive Total

n (%)a n (%)a n (%)a n (%)a

Hypertension/renal artery disease 1853 (22) 3079 (12) 2332 (9) 7264 (12)

Glomerulonephritis/IgA nephropathy 1923 (23) 5914 (23) 8795 (33) 16 632 (27)

Polycystic kidney disease 415 (5) 1279 (5) 2309 (9) 4003 (7)

Otherd 2150 (25) 7531 (29) 6334 (24) 16 015 (26)

Incident KRT modality

Peritoneal dialysis 2644 (31) 8134 (32) 7069 (27) 17 847 (29)

Haemodialysis 5825 (69) 17 562 (68) 17 946 (68) 41 333 (68)

Transplant 24 (0.3) 131 (0.5) 1494 (6) 1649 (3)

Transplanted during study 1181 (14) 3951 (15) 10 852 (41) 15 984 (26)

Transplanted ever 1205 (14) 4082 (16) 12 346 (47) 17 633 (29)

Abbreviation: KRT, kidney replacement therapy.
aColumn percentages.
bRow percentages.
cAs defined by the Australian Standard Classification of Cultural and Ethnic Groups, 2019.
dPrimarily uncertain diagnosis (7%), analgesic nephropathy (5%), reflux nephropathy (5%).

F IGURE 1 Multi-state model demonstrating probability of cardiovascular and non-cardiovascular death with or without transplant, over time
from kidney replacement therapy
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(Figure S2B). The proportion of cardiovascular death was lower in

transplant recipients compared to general KRT patients across the

lifespan of KF. At 5 years from treatment initiation, the percentage of

cardiovascular death was four times lower in transplant patients (2.0%

vs. 9.3% in females), becoming three times lower at 10 years (4.8%

vs. 13.5%) and twice as low at 15 years (7.1% vs. 15.3%).

3.3 | Mortality rates

The overall cardiovascular mortality rate in patients receiving dialysis

was 3524 (95% CI:3445–3606)/100 000 person-years (pys). Within

the first year of dialysis, mortality rates peaked at 2 months from treat-

ment (4312 (95% CI:3611–5149)/100 000 pys in males; 3821

(95% CI:3052–4783)/100 000 pys in females) (Figure 2A). Rates then

remained steady in the first year of dialysis treatment before gradually

increasing over the next 5 years, reaching 5090 (95% CI:4572-

5668)/100 000 pys in males and 3936 (95% CI:3434-4513)/100 000 pys

in females at 6 years from dialysis commencement. Transplant recipients

had consistently lower cardiovascular mortality rates compared to patients

on dialysis, at 688 (95% CI:650-728)/100 000 pys overall (Figure 2B).

Rates were highest in the first month from transplant, at 2591

(95% CI:1722-3899)/100 000 pys in males and 1397 (95% CI:699-2793)

in females, before declining to 286 (95% CI:196-417)/100 000 pys

in males and 229(95% CI:136-387)/100 000 pys in females at

2 years from transplant. Rates then increased gradually to 981 (95%

CI:668-1440)/100 000 pys in males and 323 (95% CI:145-718)/

100 000 pys in females at 15 years from transplant.

Cardiovascular death rates were lower in patients who initiated dial-

ysis more recently, from 3816 (95% CI:3661-3978)/100 000 pys in

≤1995 to 2867 (95% CI: 2731-3010)/100 000 pys in 2006–2013. How-

ever, this disparity was only evident after the first 9 months of dialysis

(Figure 3A). Cardiovascular death rates improved significantly in trans-

plant patients, with an overall rate of 929 (95% CI:873-989)/100 000

pys in ≤1995 decreasing to 166 (85% CI:108-254)/100 000 pys in

2006–2013. These improved mortality rates were evident from the first

month of treatment and sustained across follow up (Figure 3B).

Cardiovascular death rates among dialysis patients were higher

with older age, in males and in the presence of comorbidities including

peripheral vascular disease, cerebrovascular disease and coronary

artery disease (Figure S3). In transplant recipients, cardiovascular

death rates increased with older age only. However, transplant

recipients consistently had lower cardiovascular mortality compared

to dialysed patients in similar age group, sex and comorbidity status.

F IGURE 2 Mortality rates from
cardiovascular death stratified by sex,
within (A) 12 months and 15 years after
dialysis initiation, (B) 12 months and
15 years after kidney transplant
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3.4 | Graft failure

In the first year post-transplant, those with cardiovascular com-

orbidities had higher composite rates of graft failure or death, but not

for graft failure alone (Figure 4). In females, composite rates of graft

failure or death were 13.8 (95% CI:11.0–17.2)/100 pys in those with

comorbidities and 9.8 (95% CI:9.0–10.6)/100 pys in those without

comorbidities. In males, composite rates of graft failure or death were

12.0 (95% CI:10.3–14.0)/100 pys in those with comorbidities and 8.8

(95% CI:8.2–9.5)/100 pys in those without comorbidities. After 1 year,

patients with and without comorbidities had similar rates of compos-

ite graft failure and death until ≥6 years post-transplant, where rates

were higher in patients with comorbidities.

3.5 | Risk factors for cardiovascular mortality

In the multivariate analysis, there was increased risk of cardiovascular

mortality with older age, in males, earlier calendar periods, Aboriginal

Australians, obese BMI, cardiovascular comorbidities and current/

former smoker (Table S1). Patients who started KRT in 2006–2013

had a 79% lower risk of death compared to those first treated

pre-1995 (HR 0.21, 95% CI:0.20–0.22). Aboriginal Australians had

11% greater risk of death (HR 1.11, 95% CI:1.01–1.23) and East

Asians had 17% lower risk of death (HR 0.83, 95% CI:0.75–0.92).

Patients with obesity (HR 1.17, 95% CI:1.09–1.26), pre-existing coro-

nary artery disease (HR 1.72, 95% CI:1.63–1.81), peripheral artery dis-

ease (HR 1.06, 95% CI:1.01–1.12) and cerebrovascular disease

(HR 1.19, 95% CI:1.12–1.27) had increased cardiovascular mortality.

However, previous malignancy appeared ‘protective’ for cardiovascu-
lar death (HR 0.53, 95% CI:0.51–0.56), likely due to selection bias and

competing risks among cancer patients with KF transitioning to dialy-

sis. Among causes of KF, hypertension/renal artery disease (HR 1.68,

95% CI:1.57–1.80), diabetes (HR 1.13, 95% CI:1.05–1.21) and other

causes of KF (HR: 1.08, 95% CI:1.02–1.15) were associated with

increased risk of cardiovascular death, while polycystic kidney disease

(HR 0.87, 95% CI:0.78–0.96) was associated with lower risk.

Within cardiovascular deaths, 6884 deaths (81%) were due to

cardiac causes, including 315 valvular deaths (4%), while 667 (8%)

were due to peripheral vascular disease and 941 (11%) were due

to stroke (Table S2). Risk factors for subtypes of cardiovascular

deaths were similar to the main results. Of note, male sex was associ-

ated with increased cardiac death (HR 1.32, 95% CI:1.25–1.39)

but was protective for stroke death (HR 0.73, 95% CI:0.64–0.84).

F IGURE 3 Mortality rates from
cardiovascular death stratified by
calendar year period of kidney
replacement therapy, within
(A) 12 months and 15 years after dialysis
initiation, (B) 12 months and 15 years
after kidney transplant
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Patients with overweight BMI had higher cardiac mortality (HR 1.11,

95% CI:1.03–1.19) but lower peripheral vascular (HR 0.81, 95%

CI:0.67–0.97) and stroke mortality (HR 0.83, 95% CI:0.69–0.98). Simi-

larly, diabetes as a cause of KF was a risk factor for cardiac deaths

(HR 1.24, 95% CI:1.15–1.34) and stroke deaths (HR 1.51, 95%

CI:1.22–1.87) but appeared slightly protective for peripheral vascular

deaths (HR 0.70, 95% CI:0.53–0.94), possibly due to competing risks.

4 | DISCUSSION

In this binational population-based study, we characterized cardiovascu-

lar deaths among a cohort of 60 823 patients across 381 000

person-years of follow up among the Australian and New Zealand KRT

population. We took a patient-centred approach, estimating probabilities

over a treatment lifespan to account for transitions from dialysis to trans-

plant, which are typical for patients receiving KRT. These indicate that

after 15 years, the probability of cardiovascular death after transplant

was relatively low at 2.3% compared to 15.2% among those without

transplant. Transitions from dialysis to transplant were common, with

80% of living patients receiving a transplant at 15 years of follow

up. After commencement of KRT, cardiovascular mortality rates varied

over time, peaking in the first few months before declining, then gradu-

ally increasing again over years. Similarly, composite graft failure and

death rates were elevated during the first year post-transplant in those

with comorbid cardiovascular disease. Improvements have occurred over

time, with lower rates and risk of cardiovascular death in the most recent

era. Whether this represents improvements in care, selection bias for

transplantation, or both is less clear.

Our multi-state models provide absolute measures of both cardio-

vascular and non-cardiovascular mortality, allowing clinicians and

patients to compare treatment impacts and make prognostic estimates

over time. Moreover, these probabilities account for changes in risk

profile across different treatment states. To our knowledge, cause-

specific mortality has not previously been described across treatment

states in general KF populations. Our approach of modelling probabili-

ties over a lifespan of KRT is novel and translational for several key rea-

sons. Clinically, absolute mortality estimates are important for clinicians

to communicate lifetime risks and may be implemented in patient deci-

sion aid tools. To advance care, clinical research design requires specific

F IGURE 4 Rates of (A) graft failure,
and (B) composite graft failure and death
post-transplant, stratified by sex, time
from transplant and pre-existing
cardiovascular disease
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inputs for calculating power and outcome estimates, which this work

provides. Our multi-state model estimates could be further applied in

health economic evaluation, where average time spent in certain treat-

ment states and mortality risk over time can inform resource use and

cost projections. Transitions between disease states are also useful in

planning prospective studies and calculating sample sizes based on

treatment changes during follow up.

The first few months of KRT were a high-risk period for cardio-

vascular death in dialysis patients. This is consistent with interna-

tional studies, which show high rates of cardiovascular mortality

immediately following dialysis initiation.19–21 In particular,

cardiovascular disease is associated with the highest elevation

in mortality risk within the first 120 days from haemodialysis.19

Sub-cause analysis of subarachnoid haemorrhages, intracerebral

haemorrhages, intracranial haemorrhages and ischaemic strokes

have previously been studied and reveal similar trends.22,23 The risk

of cardiovascular mortality in dialysis patients may be exacerbated

by dialysis-induced cardiac injury,24 endothelial dysfunction25 and

oxidative stress26 in new patients. Treatment agents for cardiovas-

cular disease have not been extensively studied in patients with KF,

despite differences in disease progression compared to general

populations. Statins have not been shown to reduce mortality or

cardiac events in dialysis patients,8 while randomized controlled

trials investigating benefits of beta-blockers are limited by small

sample size.27,28 The ISCHEMIA-CKD trial found that an initial

invasive strategy for coronary artery disease provided no signifi-

cant benefit compared to initial medical therapy in advanced

chronic kidney disease.29 A focus on earlier recognition and mitiga-

tion of cardiovascular disease may be a more effective strategy

to improve outcomes in early KF. Kidney Disease Improving

Global Outcome guidelines recommend lipid-lowering and antihy-

pertensive therapies in patients with chronic kidney disease not

requiring dialysis, in line with clinical trial evidence that these

reduce mortality and cardiovascular events.30–33 A holistic manage-

ment approach combining individualized blood pressure targets and

lifestyle interventions may be extended to patients who recently

begin KRT. Several risk factors for cardiovascular death in our

study, such as older age, female sex and hypertension, have previ-

ously been identified as risk factors for cerebrovascular mortality,

allowing for identification of high-risk groups and opportunities for

targeted prevention.22,23 Improved awareness of cardiovascular

risk in chronic kidney disease may further facilitate intervention

research aimed at improving risk profile before KF onset.

Overall cardiovascular mortality in KF has continued to improve

over time, with adjusted mortality risk decreasing by 74% from ≤1995

to 2013. Increased access to kidney transplantation in Australia and

New Zealand, where transplants doubled between 1994 and 2013,

likely contributed to improved cardiovascular outcomes.34 While

possible that selection bias is at play, with improved post-transplant

outcomes a consequence of higher risk dialysis patients not

being listed for transplantation, this seems unlikely given the rising

age and comorbidity burden of transplant recipients in Australia and

New Zealand. International guidelines generally recommend screening

for cardiovascular risk in transplant candidates, but there is a lack of

high-quality data to support specific screening practices.12–15 Previ-

ous studies have found that coronary artery disease in kidney trans-

plant candidates does not predict post-operative mortality,35 and

perfusion studies do not predict rates of major cardiac events or death

post-kidney transplant after adjusting for other patient factors.36,37

Moreover, kidney transplantation may provide a survival benefit even

in patients with high cardiovascular risk.38 Economic modelling in

Australian and New Zealand patients on waitlist for kidney transplan-

tation found that practising no cardiac screening after waitlist entry

may be cost-effective and improves overall survival.39 As availability

of kidney transplantation continues to improve, extending access to

patients with higher cardiovascular risk may be key to improving clini-

cal outcomes at both an individual and population level.

Strengths of this study include its use of a large, contemporary,

population-based binational dataset. Cause-of-death information was

recorded using internationally standardized ICD-10 codes, allowing

for generalization of data to other countries. However, there were still

limitations. It was difficult to consider further mortality differences

relating to racial and social determinants, such as socioeconomic sta-

tus, due to lack of general population mortality data stratified by these

factors. The use of probabilistic linkage for Australian patients may

lead to false linkages with the National Death Index, although false

positive linkage rates are low at an estimated ≤0.5%.40 Overseas

deaths were not captured in national death registers, though these

are rare due to limited international travel post-dialysis initiation.

Our study had high agreement for fact of death between

ANZDATA and death registers, reaffirming the low risk of incorrect

linkages and missed overseas deaths. Our multi-state model did

not include transitions between dialysis modalities to reduce com-

plexity and computational requirements. Further studies could

investigate whether cardiovascular mortality is similarly elevated

following these modality changes.

Despite improvements over time, cardiovascular disease is still a

common cause of death in KF, particularly in dialysis patients. The first

few months of dialysis initiation and transplant are a high-risk period

for cardiovascular death, highlighting the importance of early preven-

tion strategies. Multi-state probabilities are a useful addition that can

be used to inform clinicians and patients about likely outcomes over a

lifetime, allowing for KRT changes. Further research into cardiovascular

disease prevention, transplant screening practices and equitable health

care access may identify opportunities for further improvement.
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