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Abstract

Aim: To describe adults with (non-dialysis) chronic kidney disease (CKD) in nine pub-
lic renal practice sites in the Australian state of Queensland.

Methods: 7,060 persons were recruited to a CKD Registry in May 2011 and until
start of kidney replacement therapy (KRT), death without KRT or June 2018, for a
median period of 3.4 years.

Results: The cohort comprised 7,060 persons, 52% males, with a median age of
68 yr; 85% had CKD stages 3A to 5, 45.4% were diabetic, 24.6% had diabetic
nephropathy, and 51.7% were obese. Younger persons mostly had glomerulonephri-
tis or genetic renal disease, while older persons mostly had diabetic nephropathy,
renovascular disease and multiple diagnoses. Proportions of specific renal diagnoses
varied >2-fold across sites. Over the first year, eGFR fell in 24% but was stable or
improved in 76%. Over follow up, 10% started KRT, at a median age of 62 yr, most
with CKD stages 4 and 5 at consent, while 18.8% died without KRT, at a median age
of 80 yr. Indigenous people were younger at consent and more often had diabetes
and diabetic kidney disease and had higher incidence rates of KRT.

Conclusion: The spectrum of characteristics in CKD patients in renal practices is
much broader than represented by the minority who ultimately start KRT. Variation
in CKD by causes, age, site and Indigenous status, the prevalence of obesity, relative
stability of kidney function in many persons over the short term, and differences

between those who KRT and die without KRT are all important to explore.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Nephrology published by John Wiley & Sons Australia, Ltd on behalf of Asian Pacific Society of Nephrology.

934 wileyonlinelibrary.com/journal/nep

Nephrology. 2022;27:934-944.

25UB0 17 SUOWILIOD) BATTER.D) 3o fdce aU Aq PoLBA0B @12 SIILE VO ‘@8N J0 SaIN) 10} AReIq 1T 3UIIUO AB]IA UO (SUOTIPUOD-PU.-SLLLBYLID" B |1 ARe1q 1Bu! |uo//Sdl) SUOTIPUOD PUE SULB | aU) 95 *[§20Z/60/S0] U ARiq1T aUIIUO AB1IV *AIGIT OGRIN BHIOY 81pP3 Aq TTTHT'doU/TTTT OT/I0p/W0o Ao 1M A IqIpUIUO// SNy WO} PAPROjuMOQ ‘ZT ‘2202 ‘L6.TOVHT


https://orcid.org/0000-0002-8405-1539
https://orcid.org/0000-0001-6656-5889
https://orcid.org/0000-0001-7817-6821
mailto:w.hoy@uq.edu.au
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/nep

HOY ET AL

NEPHROLOGY @& Wi LEY | ™=

KEYWORDS

obesity, progression

1 | INTRODUCTION

What are the characteristics and course of patients with Chronic Kid-
ney Disease (CKD) seen by nephrologists in their renal specialty prac-
tices in Australia?

CKD is purportedly the most common chronic disease in the
developed world. It is the most common pathway to end stage kidney
failure (ESKF) but is also associated with increased rates of non-renal
deaths (a “multiplier of risk”).! The burden and costs of KRT as well as
the premature deaths in patients with pre-terminal kidney disease are
of increasing concern in the developed world. Current trends predict
that the costs of KRT will be unsustainable in Australia by 2030.2 We
need to better understand CKD, detect it earlier and manage it better
to improve patient outcomes and reduce related health care costs.

Many countries have no systematic mechanisms for surveillance
of CKD in the ambulatory (outpatient) setting. However, registries or
surveillance systems for CKD have been established in some countries
and regions and patient characteristics and risk factors for CKD pro-
gression have been described.>* Lash et al® described the association
of CKD with cardiovascular disease (CVD) and low socioeconomic sta-
tus. A Korean group reported an 8.2% prevalence of CKD in adults,
with older age, diabetes, hypertension, CVD, overweight or under-
weight and residence in rural areas being significant associations.®
The first results of the German CKD registry were reported in 2013,”
and patterns of CKD progression, and risk factor profiles for ESKF and
deaths were described in 2020.2

The Australian state of Queensland had a population of 5.2 mil-
lion people in 2020° (20% of the nation's total), with an age struc-
ture and ethnic mix similar to those of Australia's population in
general. These include sizeable immigrant populations and the sec-
ond largest number of Indigenous people in the country, who com-
prised, 3.6% of Queensland's populain in 2011 and 4.0% in 2016.°
The state has an area of 1.86 million sq km, (>7 times that of the
United Kingdom), and environments ranging from large cities to
very remote areas, as well as great variation of terrain and climate.

Queensland has a centralized public health system (Queensland

Health, or QH), which provides state-wide healthcare through

Summary at a glance

chronic kidney disease (CKD), epidemiology, indigenous, kidney replacement therapy (KRT),

This profile of CKD in public renal practices in Queensland, the first in any Australian
state, exposes a much broader spectrum of characteristics than represented by those
who ultimately start KRT, major variations in weightings of causes by age group,
Indigenous status and practice site, strong links to obesity, and short-term stability of
renal function in many persons, all of which can influence design and evaluation of

intervention strategies and inform public health policy.

16 semi-autonomous Hospital and Health Services and with 10 renal
specialty practice hubs. The ethos, standards, and performance of
QH are of the highest quality, despite the challenges posed by a vast
geographical area, sparse population, and various high-risk groups. A
private health system also complements the Queensland public sys-
tem. However, access is limited for persons with modest incomes,
and for those living in more remote areas: furthermore, some per-
sons with CKD switch from the private to the public health system
over time, due to cost considerations.

We established a program for surveillance and research of
CKD among the state-funded renal specialty services of QH,
which we called Chronic Kidney Disease Queensland (CKD.QLD).
Its components are the CKD.QLD Registry, which is a database of
demographic and clinical information on CKD patients at enrol-
ment, with subsequent surveillance over time, and associated pro-
grams of practice improvement, health economic evaluations and
biomarker research.?

Service providers (including over 60 nephrologists, senior nurses,
and program managers, supported by administration officers and data
managers) in all QH renal specialty hubs were invited to recruit non-
dialysis CKD patients to the CKD.QLD registry. All these patients had
an established diagnosis of CKD; they had usually been referred for
evaluation and sometimes ongoing care from general practice or pri-
mary care (according to the Kidney Heath Australia Guidelines),*? and
from other specialty systems, Emergency Department visits or at dis-
charge from hospital admissions.

We have previously reported findings from some individual CKD.
QLD clinical sites of clinical characteristics of patients, age-related
changes, progression, rates of endpoints, and frequency and associa-
tions of obesity, as well as some broad views of genetic kidney dis-
ease, blood pressure profiles and treatments, and acute kidney
injury.3~18 CKD.QLD has also contributed to studies of blood pres-
sure control and kidney disease progression as a member of the col-
laborative research network of iNET-CKD.1?%1

This is the first report of the profiles and short-term outcomes of
the full cohort of CKD.QLD registry participants, and the first to be
updated to mid-2018.
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2 | METHODS

People aged > 18 years with an established diagnosis of CKD, who
were attending public renal clinics in all Queensland Health facilities
were eligible for recruitment to the CKD.QLD Registry.?? The diagno-
sis of CKD was based on international guidelines.?® Patients receiving
KRT at time of recruitment were not included, as all KRT patients are
profiled in the ANZDATA registry.2* Patients with acute kidney injury
(AKI) were excluded unless they already had, or subsequently devel-
oped, CKD.

All participants provided written informed consent to join the
CKD.QLD registry. They were enrolled from May 2011 onwards, and
followed until the endpoints of death, the start of KRT or until the
censor date of June 30, 2018. Demographic and clinical data were
compiled from medical records. From 2015 onwards, an integrated
electronic information system has been progressively rolled out over
most QH clinical services, which has greatly facilitated our review of
clinical information for the sites now “online”. Clinical laboratories all
used the same method of creatinine estimation and reported esti-
mated glomerular filtration rates (eGFR) based on the CKD-epi for-
mula,®®> and urine albumin concentrations were measured by
standardized immunonephelometry.?® The Statistical Analysis and
Linkage Unit, Queensland Health provided linked data on the “end-
points” of institution of KRT and death.

Stata Statistical Software: Release 14 (Stata Corp LLC [RRID:
SCR_012763]) was used for analyses. Descriptive statistics included
means (SD) for normally distributed values, median (IQR) values for
non-normal distributions, as well as percentages, and proportions
where appropriate, and incidence rates of KRT or of death without
KRT were expressed as events per 100 person years.

Ethics approval for CKD.QLD was first granted in 2010 by the
Queensland Health Central (QHC) Human Research Ethics Committee
(HREC/10/QHC/41) and The University of Queensland
(No. 20110000290). In 2015, ethics oversight was transferred to the
Royal Brisbane and Women's Hospital Committee (HREC/15/
QRBW/294). A Public Health Act approval (QCO0S/029817/
RD006802) was granted in 2017 for release of patient care data held
by the QH Statistical Analysis and Linkage Unit.

3 | RESULTS

3.1 | CKD Patients

In total, 8,296 patients were recruited to the registry from among all
nine major public renal service hubs in Queensland up to June 2018.
At one site there were major inconsistencies between “endpoint” data
recorded in that site's local register and data stored by QH; informa-
tion from that site was ultimately decanted from the central registry
following several discussions with the principal investigators of CKD.
QLD, the director of that particular site, UQ research representatives,

the UQ ethics committee and Queensland Health.

Figure 1 shows the areas that fed into the remaining nine renal
practice service hubs, from which the remaining 7,060 CKD.QLD
patients were recruited. They are the subject of this report. Among
these, 54.0% were males, and 457 (6.5%) were Indigenous Australians
by self-report. Age at consent ranged from 18 to 100 years, with a
median (IQR) of 69 (57-77) years.

Figure 2A shows similar age distributions of CKD patients by gen-
der. Figure 2B shows that most of the subjects were at CKD stages
3B and 4 at consent, while 7.6% were at stage 5, with little difference
by gender from stage 2 and beyond. The median (IQR) eGFR at con-
sent was 37 (25-52) ml/min/1.73 m?. Figure 2C shows that older per-
sons had progressively more advanced CKD. At consent, 20% of
persons did not have significant albuminuria/proteinuria (ACR <3.4 g/
mole or PCR <15 g/mol), 31.2% of persons had mild proteinuria/
microalbuminuria (ACR = 3.4 and < 34; or PCR =15 and < 50) and
40.9% had overt proteinuria/albuminuria  (ACR = 34 g/mol or
PCR > 50 g/mol).

Kidney disease diagnoses had been assigned by the patients'
nephrologists. The proportions of different diagnoses varied markedly
among sites. Renovascular disease (RV)/hypertension constituted
30.1% of all primary diagnoses (range 18.3%-50%); diabetic nephrop-
athy (DN) 24.6% (13.5%-32%), glomerulonephritis (GN) 12.2% (2.1%-
18.1%), genetic renal disease (GRD) 5.4% (3.2%-8.2%), and “other”
16.7% (10.7%-24.2%). Among “other” causes were toxic (non-analge-
sic) kidney injury 5%, acute kidney injury 4%, single kidney (including
renal transplant donors) 3%, analgesic nephropathy 3% and calculi 2%.
Diagnosis was reported as uncertain or unknown in 11.1%, (range
5.9%-14.1%). Figure 3A shows that the proportions of various pri-
mary kidney disease assignments also differed markedly by age.
Genetic renal disease and glomerulonephritis constituted the majority
of diagnoses in young adults, while proportions with diabetic renal
disease were maximum between 55 and 75 years, and the proportion
with renal vascular disease increased with age to become the leading
individual diagnosis beyond age 65 years, As shown in Figure 3B,
there was almost 30 years difference in mean age at consent between
those with GRD and RV disease. Finally, as shown in Figure 3C, there
was a higher likelihood of individual CKD patients having more than
one assigned renal disease diagnosis at higher ages. Among those mul-

tiple diagnoses, renovascular disease was the leading assignment.

3.2 | Comorbidities and Obesity in CKD patients

The median number of comorbidities in CKD patients was five, with a
maximum exceeding 15. The leading comorbidities, and the age
dependency of most, are shown in Figure 4. Most persons had hyper-
tension. We have described medications and the degree of blood
pressure control in a subset of sites in the previous manuscript.?¢2?!
Almost half of all patients had diabetes (mostly type 2). Cardiovascular
disease in its various manifestations was very common. Notable too
were the proportions of patients with arthritis, respiratory disease,

and malignancies, particularly in older persons.
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FIGURE 2 Characteristics of CKD patients. A. Age group at consent by gender (Female n = 3,256, Male n = 3,804). B. CKD stage by gender
(Female n = 3,241, Male n = 3,788). C. CKD stage by age group at consent (n = 7,029)
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(A) Primary renal diagnosis by age groups (B) Mean age (SD) by primary renal disease
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FIGURE 3 Assigned renal diagnoses (n = 7,060). A. Assigned primary renal diagnosis by age group at consent. B. Assigned primary renal
diagnosis and mean (SD) age at consent. C. Number of renal diagnoses by age group (9 sites, n = 7,060)
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In an earlier manuscript describing BMI in 3,382 CKD patients
from 3 sites, 50.5% had a BMI > 30 kg/mz, which, with age adjust-
ment, was 1.9 times the general adult Australian population in
2014.%*2?7 |n that sample, higher BMIs were powerfully linked to dia-
betes, diabetic nephropathy, hyperlipidemia, obstructive sleep apnea
and gout, and significantly correlated with cardiovascular disease. In
this updated report, drawing on 4,481 patients from the 4 sites in
which recordings of BMI or height plus weight could be retrieved for
>75% of participants within a year of recruitment, 81% of patients
were overweight or obese: 29.3% had a BMI of 25-< 30 kg/m? (over-
weight), and 51.7% had a BMI > 30 kg/m? (obese). These contrast
with the reported prevalence of overweight and obesity of 66.9% in
adult Australians in 2017-2018,28 with 35.6% overweight and 31.3%
obese. In this current updated study, proportions with various degrees
of obesity were 40.3%, 64.8% and 68.3% in persons without diabetes,
with diabetes and with diabetic nephropathy, respectively. Figure 5A
shows that only CKD patients with GRD had rates of obesity approxi-
mating, although still higher than, those of the survey Australian
adults. Figure 5B shows that proportions with overt albuminuria/
proteinuria were higher in those with greater degrees of obesity,
although the differences, albeit significant, were not striking. Finally,
Figure 5C shows greatly excessive rates of obesity in those with all
stages of CKD, although relatively less extreme in persons with Stage
4 and 5 CKD.

3.3 | Progression of CKD patients and their
endpoints

Among the cohort there were substantial rates of progression by vari-
ous definitions. However, progression was not inevitable, at least over
the short and intermediate term.!” Data were available, or could be
imputed, to estimate eGFR changes over the first year after consent
in 5,184 persons, or 83.3% of those who had been enrolled at least
9 months before the censor date. (842 persons had been enrolled for
less than 9 months prior to the censor date and “1-year” data could
not easily be retrieved for eGFR levels within a 6 month window of
the first-year of follow up in some early enrollees before electronic
records were introduced. As Figure 6A shows, eGFR fell by
>5 ml/min/1.73 m? over the first year in 28.0%, remained within
5 ml/min/1.73m? of baseline for 52.3%, and rose by
25 ml/min/1.73 m? in 19.7% of subjects. These trends were generally
retained at the second year after consent (not shown). Figure 6B
shows that, among those with progressively less favourable eGFR
changes, there were significantly higher proportions of males, of per-
sons with diabetes and with diabetic nephropathy, (but not of obe-
sity), with overt albuminuria/proteinuria, and with a history of heart
failure, as well as indigenous persons.

Over the total follow-up of 24,968 person years and a median fol-
low up of 3.4 years (IQR 1.4-5.7 years), 730 persons (10%) started
maintenance KRT, and 1,369 (18.8%) died without starting KRT, with
incidence rates of 2.9 (Cl: 2.7-3.1) and 5.5 (Cl: 5.2-5.8) per 100 per-
son years, respectively. Of those who died without receiving KRT,

45% had an underlying or associated cause of death compatible with
renal failure. The proportion of people with the “terminal” outcome of
ESKF, who either started KRT or died a renal death, was nearly 20%,
with an incidence of 5.54 (Cl: 5.3-5.8) per 100 person years. Table 1
shows that the incidences of death without KRT and of ESKF
increased progressively with more advanced CKD stage at recruit-
ment, while initiation of KRT was largely confined to subjects with
Stages 4 and 5 CKD at recruitment. Median eGFR within 2 weeks of
the start of dialysis was 8 ml/min/1.73 m2. Figures 7A and 7B show
the time courses of these events. There was an 18-year difference
between the age at which maintenance KRT was started in those who
eventually received that treatment, and the age of death of the 1,368
persons who died without ever receiving KRT, with median (IQR) ages
of 61.9years (52-70) vs. 79.5years (72.5-85.7), respectively;
Figure 7C shows their clearly distinct age distributions. Those who
died without receiving KRT also had more comorbidities than those
who started KRT; as shown in Figure 7D. Although only marginally
reflected in the median values (5 vs, 4 comorbidities per person), there
were different weightings of those burdens, as shown in Figure 7D.

3.4 | CKD in Australian indigenous people

Indigenous patients with CKD were, on average, 10 years younger at
consent than non-indigenous patients, with median (IQR) ages of
61 years (51.5-69.7) and 69 years (57.8-77.3), p < .001; 48% of non-
indigenous persons and 24.1% of Indigenous persons were = 70 years
of age at enrolment, p < .001. Indigenous patients were more often
female (51.5%), more likely to have diabetes (64.1% vs. 45.4%) and
almost twice as likely to have diabetic nephropathy (40.9% vs. 23%)
compared to non-indigenous patients. Incidence rates of starting KRT
were higher in Indigenous than non-Indigenous CKD patients, (5.8
vs. 2.7 per 100 person years), but rates of deaths without KRT were
not different (5.3 vs. 5.5 per 100 person years).

4 | DISCUSSION

This manuscript describes representative persons with CKD seen in
public renal specialty practices in one state in Australia. To our knowl-
edge, it is the first in any region of the country. It fills the knowledge
gap between CKD in community and in primary care and end points
of death or KRT.

These persons have a much broader profile than that of people
who start KRT, who have been characterized by many dialysis and
transplant registries, but who constitute only the minority of the
broader CKD population.

Half the group was 268 years of age at time of consent. Only
10% went on to KRT within the observation period. The average age
of those who went onto KRT was 61.9 years (similar to the mean age
of the Australia-wide incident KRT cohort?*) which is almost 10 years
younger than aggregate CKD cohort's age at the end of the observa-
tion period (71.5 yrs.), and much younger than those who died
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FIGURE 6 Characteristics of CKD patients by eGFR change. A. Change in eGFR in the first year of observation after consent (n = 5,184). B.
Characteristics of CKD. QLD patients that differ by category of eGFR change over first year
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without receiving KRT (78.1 yr). Thus, the scope of CKD practice of
Queensland renal care providers goes well beyond the care of the
minority of patients destined for KRT, and encompasses major problems
with obesity, excessive burden of co-morbid conditions, and syndromes

of ageing, including frailty, dependency, and cognitive impairment.

NEPHROLOGY

There was considerable variation among sites in proportional
assignments of primary kidney diseases. This needs further analysis
with population-based estimates of incidence and prevalence, map-
ping by demographic and biologic features, and attention to potential
environmental and occupational exposures. There is also great varia-
tion by age, with increasing dominance of a renovascular diagnosis at

TABLE 1 Incidence rates by CKD stage at enrolment for KRT and more advanced ages, when it exceeds diabetic nephropathy, and with
for death without KRT much lower proportions of the traditional kidney diseases that are
Rate (CI) of KRT per Rate of death without KRT central to classic nephrology teaching. Furthermore, older people had
CKD Stages 100 person yr FU f/u*  per 100-person yr f/u* (Cl) more advanced stage CKD and more often had multiple kidney dis-
Stage 1 0.2 (0.1-0.5) 0.6 (0.4-1.1) ease diagnoses, with renovascular disease predominating; this is likely
Stage 2 0.5(0.3-0.8) 1.5 (1.2-2.0) a component of generalized vascular disease, which influences the
Stage 3A 0.6(0.4-0.8) 2.9 (2.4-3.4) overall clinical picture and prognosis.
The association of the bulk of CKD with obesity is inescapable.
Stage 3B 1.2(1.0-1.4) 5.2 (4.8-5.7)
Nearly a third of Australian adults are obese, and rates in these CKD.
Stage 4 5.1(4.5-5.7) 10.0 (9.2-10.9) ) ) ) )
QLD patients, in turn, are 1.9 times those of the mainstream popula-
St 5 34.0 (30.0-38.0 18.0 (15.3-21.1 . . .
o ( ) ( ) tion.** Although obesity was most pronounced among CKD patients
Overall 29(27-31) 55(52-58) with diabetes, patients with all other renal diagnosis had excessive
*f/u = follow up. rates of obesity, except, arguably, those with genetic renal disease.
(A) Cumulative estimates of KRT by CKD stage at consent (B) Cumulative estimates of death without KRT by CKD stage at consent
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FIGURE 7 A.Time course of cumulative incidence of starting KRT up to 6 years of follow up by CKD stages. B. Time course of cumulative
incidence of death without KRT up to 6 years of follow up by CKD stages. C. Differences in age distribution at start of KRT and death without
KRT. D. Numbers of comorbidities at enrolment of persons who started KRT and who died without KRT
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Our data suggest that CKD associated with, driven by, or exacerbated
by, excessive BMlIs is characterized by somewhat higher levels of
albuminuria/proteinuria, and relatively less advanced CKD stages. It is
well accepted that obesity-associated CKD can be prevented and
modified.?? The growing burden of CKD and the looming threat of
unsustainable costs of KRT, as well as the more obvious risks and
complications of diabetes, might further stimulate Australian national
policies to minimize obesity.

The predominance of renovascular disease in older persons flags
the need for prospective functional evaluations, proactive predictions
of survival and quality of life, and strengthening of supportive kidney
care and pending end-of-life protocols.

The spectrum of eGFR changes over the first year of follow up,
which include stability or increase in eGFR in almost half the subjects,
infers that CKD progression might not be inevitable, and for some,
potential for partial kidney functional recovery seems real. The
heavier representations of males, Indigenous persons, and those with
diabetes, diabetic nephropathy, heavy proteinuria, histories of heart
failure and sleep apnea, among those who lost renal function, will be
further pursued in studies of progression, which will include potential
indicators flagged by hospital admissions. The profusion of newer
agents for the management of diabetes, diabetic nephropathy, and
CKD more broadly, with their added mitigation of cardiovascular
risk,%%21 holds enormous promise for a better future.

Almost twice as many people died without KRT as started that
treatment, and those deaths increased over a continuum of CKD
stages. The differences in ages at which people reached those end-
points show that these persons are largely different populations.
Those who died without KRT had survived without ESKF, on aver-
age, 18 years longer than those who started KRT and had generally
exceeded the life expectancy of their birth cohort (life expectancy
for people born in 1940 was about 62 years). CKD is but one
accompaniment of their increased longevity. For many, CKD itself
is a co-morbidity, rather than the major clinical problem in people
approaching end of life. These facts underpin increasing choice of
non-KRT kidney supportive care for many CKD patients who
develop ESKF along this trajectory.

The strength of this project lies in the absence of selection
bias in recruitment of the study population. Patients were not
recruited for a clinical trial, nor based on a particular kidney dis-
ease diagnosis, or CKD stage. The only exclusions were the
<0.2% of all patients approached who could not consor refused
to consent.

The similarities of Queensland's general population and its inci-
dent KRT population with those of the rest of Australia suggest that
these findings on CKD might apply more broadly across the country.
However, these CKD.QLD patients are only a sample of people
referred to public renal specialty practices. Furthermore, they do not
include CKD patients seen exclusively in private kidney care practices
or in other specialty settings like diabetes or cardiovascular practices.
They represent more advanced stages of CKD and do not reflect char-
acteristics of people with asymptomatic or early-stage disease or

those seen solely in general or family practice settings. Although

patients from one large referral site were decanted, this did not
change the overall profiles of the study group.

There are still many topics to pursue. A better understanding of
regional differences is important, as well as socioeconomic corre-
lates of profiles. Determinants of CKD progression, the causes,

costs and outcomes of AKI,®

and the separate and combined
impacts of anaemia and heart failure on AKI and CKD progression
are under study. We also have detailed hospital admission and cost
data over a 9-year interval for all CKD.QLD registry patients, as
well as on persons with CKD in other care settings, plus a compara-
tor population of demographically matched persons without CKD.
Finally, we hope that the major advances in CKD treatments might
be reflected in measurably better outcomes for CKD patients

within a few years of their widespread application.
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