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Incidence and Associations of
Chronic Kidney Disease in
Community Participants With
Diabetes: A 5-Year Prospective
Analysis of the EXTEND45 Study

Diabetes Care 2020;43:982-990 | https://doi.org/10.2337/dc19-1803

OBJECTIVE

To determine the incidence of and factors associated with an estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m? in people with diabetes.

RESEARCH DESIGN AND METHODS

We identified people with diabetes in the EXamining ouTcomEs in chroNic Disease in
the 45 and Up Study (EXTENDA45), a population-based cohort study (2006-2014) that
linked the Sax Institute’s 45 and Up Study cohort to community laboratory and
administrative data in New South Wales, Australia. The study outcome was the first
eGFR measurement <60 mL/min/1.73 m? recorded during the follow-up period.
Participants with eGFR < 60 mL/min/1.73 m? at baseline were excluded. We used
Poisson regression to estimate the incidence of eGFR <60 mL/min/1.73 m? and
multivariable Cox regression to examine factors associated with the study outcome.

RESULTS

Of 9,313 participants with diabetes, 2,106 (22.6%) developed incident eGFR <60
mL/min/1.73 m? over a median follow-up time of 5.7 years (interquartile range, 3.0-
5.9 years). The eGFR <60 mL/min/1.73 m? incidence rate per 100 person-years was
6.0 (95% Cl1 5.7-6.3) overall, 1.5 (1.3-1.9) in participants aged 45-54 years, 3.7 (3.4—
4.0) for 55—-64 year olds, 7.6 (7.1-8.1) for 65-74 year olds, 15.0 (13.0-16.0) for 75-84
year olds, and 26.0 (22.0-32.0) for those aged 85 years and over. In a fully adjusted
multivariable model incidence was independently associated with age (hazard ratio
1.23 per 5-year increase; 95% Cl 1.19-1.26), geography (outer regional and remote
versus major city: 1.36; 1.17-1.58), obesity (obese class Ill versus normal: 1.44;
1.16-1.80), and the presence of hypertension (1.52; 1.33-1.73), coronary heart
disease (1.13; 1.02-1.24), cancer (1.30; 1.14-1.50), and depression/anxiety (1.14;
1.01-1.27).

CONCLUSIONS

In participants with diabetes, the incidence of an eGFR <60 mL/min/1.73 m? was
high. Older age, remoteness of residence, and the presence of various comorbid
conditions were associated with higher incidence.
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Diabetes is the leading cause of end-
stage kidney disease worldwide (1,2).
An estimated 425 million adults (20-79
years) are affected, with projections in-
dicating substantial growth to over
629 million by 2045 (3). The comorbid
burden of diabetes and chronic kidney
disease (CKD) leads to anincreased risk of
cardiovascular disease and death (4-7),
as well asanincreased rate of depression
(8), poorer quality of life, and decreased
productivity (9,10). Identifying people
with diabetes who are at increased risk
of developing CKD is a key step to de-
veloping preventative strategies for im-
proving health outcomes in this high-risk
population.

Traditionally, incidence and preva-
lence estimates of chronic health con-
ditions, such as CKD, in patients with
diabetes have been derived from cross-
sectional or repeated cross-sectional
studies. While these studies yield valu-
able information, all have important de-
sign limitations, such as vulnerability
to substantial healthy volunteer bias
(11,12). Alternative methods that can
monitor the burden of the health com-
plications of diabetes are needed to
assess changing epidemiology and the
efficacy of health service interventions.
Large-scale routinely collected adminis-
trative and clinical data offer the oppor-
tunity to efficiently monitor the incidence
and prevalence of comorbidities over
time.

In this study, we use a large linked
data set comprising multiple routinely
collected data sources to 1) determine
the incidence rate of an estimated glo-
merular filtration rate (eGFR) <60 mL/
min/1.73 m? in a population-based co-
hort of people with diabetes and 2) assess
the sociodemographic, lifestyle, and clin-
ical factors associated with eGFR <60 mL/
min/1.73 m>.

RESEARCH DESIGN AND METHODS

Study Design and Data Sources

EXamining ouTcomEs in chroNic Disease
in the 45 and Up Study (EXTENDA45) is a
large population-based cohort, built on
the Sax Institute’s 45 and Up Study, a
prospective cohort of residents aged
45 years or older in the state of New
South Wales (NSW), Australia. The 45 and
Up Study participants and their baseline
questionnaire responses have been de-
scribed in detail elsewhere (13). In brief,

between 2006 and 2009, potential par-
ticipants were randomly selected from
the Department of Human Services (DHS)
enrollment database, invited to join the
study and complete a detailed baseline
questionnaire containing information on
their health and socioeconomic charac-
teristics, and provided informed consent
to long-term follow-up, including having
their data linked to other information
sources.

In the EXTENDAS5 study, participants of
the 45 and Up Study together with their
baseline questionnaire responses were
linked to routinely collected health and
administrative databases (between 2006
and 2014), including the following:
1) community laboratory testing serv-
ices; 2) the Pharmaceutical Benefits
Scheme (PBS) (14) and 3) the Medicare
Benefits Schedule (MBS) (15), both pro-
vided by the DHS; 4) the NSW Admitted
Patient Data Collection; and 5) the Reg-
istry of Births, Deaths and Marriages.

Community laboratory testing services
included test results for serum creati-
nine, serum glucose, and HbA;. results
that were ordered as part of routine care.
The PBS and MBS are part of Medicare,
Australia’s universal public health insur-
ance scheme, established to provide free
orsubsidized access to a range of medical
and allied health services to all Austral-
ians within both government (public) and
private organizations. The PBS data in-
clude claims for all subsidized pharma-
ceutical products nationally, while the
MBS data include all claims for subsi-
dized medical and diagnostic services
provided by medical and other health
service providers. The NSW Admitted
Patient Data Collection captures inpa-
tient separations from all public, private,
and repatriation hospitals as well as day
procedure centers and aged care facili-
ties, with diagnostic information coded
according to the ICD-10 Australian Mod-
ification (16).

MBS and PBS data were linked de-
terministically by the Sax Institute us-
ing a unique identifier that was provided
to the DHS. All other data linkage was
performed probabilistically by the NSW
Centre for Health Record Linkage (https://
www.cherel.org.au) covering the period
2005-2014. Probabilistic linkage takes
into account a wider range of potential
identifiers and seeks to link them based
on computed weights in order to de-
termine the probability of a match (17).
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Participants were excluded if they had
inconsistent records suggesting incorrect
linkages (e.g., death before date of study
entry).

Ethical approval for the EXTEND45
Study was obtained from the NSW Pop-
ulation and Health Services Research
Ethics Committee (study reference num-
ber HREC/13/CIPHS/69). The 45 and Up
Study received ethics approval from the
University of New South Wales Human
Research Ethics Committee.

Identification of Study Cohort and
Inclusion Criteria
Participants were included in the current
study if they had one or more linked
serum creatinine measurements in the
3-year period prior to their enrollment
into the 45 and Up Study (hereafter re-
ferred to as the prebaseline kidney func-
tion ascertainment period 2003-2006).
This was to ensure we could adequately
determine prevalent eGFR <60 mL/min/
1.73 m?. Prevalent eGFR <60 mL/min/
1.73 m? was defined as an eGFR or an
imputed eGFR of <60 mL/min/1.73 m?
on or before the enroliment date. The
use of routine clinical data meant that
an eGFR was not available at the time
of enrollment for most participants. We
therefore imputed from the most recent
available eGFR prior to enrollment.
Among individuals with a linked serum
creatinine measurement, we identified
participants with diabetes, defined as the
presence of at least one of the follow-
ing prespecified criteria: 1) a community
laboratory record of fasting serum glu-
cose >7.0 mmol/L, 2) a random serum
glucose >11.1 mmol/L, 3) an HbA,. re-
sult =6.5% (all in line with society guide-
lines [18]), 4) a dispensation record of
an oral glucose-lowering agent or insulin
analog as documented in the PBS, or
5) self-reported diabetes on the 45 and
Up Study baseline questionnaire (“Has a
doctor EVER told you that you have
diabetes?” = Yes) (Supplementary Fig.
1). Both prevalent and incident cases of
diabetes were included, with prevalent
cases defined as individuals who had
diabetes at their time of enrollment
into the 45 and Up Study and incident
cases as those who developed diabetes
at any point throughout the study period
(2006-2014). Outcome ascertainment was
only determined once a participant met
criteria for incident or prevalent diabetes
(Supplementary Fig. 1).
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Incidence and Associations of CKD in Diabetes

Study Outcome
The outcome of interest was the devel-
opment of incident eGFR <60 mL/min/
1.73 m?, recorded from the time a par-
ticipant met the criteria for diabetes
until death or end of linked data (June
2014), whichever came first. GFR was es-
timated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equa-
tion (19). Prevalent eGFR <60 mL/min/
1.73 m? status was ascertained during the
prebaseline kidney function ascertainment
period whereby we assumed a rate of de-
cline of 2 mL/min/1.73 m?/year. Individuals
identified as having prevalent CKD at en-
rollment were excluded from the analysis.
To minimize selection and survivor
bias, only one eGFR measurement prior
to enrollment was required for inclusion
into the cohort and only one eGFR mea-
surement after enrollment was required
for incident eGFR <60 mL/min/1.73 m2.
Participants who did not have an eGFR
<60 mL/min/1.73 m? after enrollment
were conservatively deemed to not have
incident disease.

Covariates
Baseline sociodemographic and life-
style variables were derived from self-
reported responses of the 45 and Up
Study baseline questionnaire and in-
cluded the following: age, sex, country of
birth, region of residence/remoteness
from major city, highest qualification,
annual household pretax income, partner
status, area-level quintile of disadvantage
(defined by an index of disadvantage us-
ing the Australian Bureau of Statistics
index, where 1 is most disadvantaged and
5 is least disadvantaged) (20), smoking
status, alcohol consumption, and BMI
(<18.5 kg/m? underweight, 18.5 to
<25 kg/m? normal, 25 to <30 kg/m?
overweight, 30 to <35 kg/m2 class | obe-
sity, 35 to <40 kg/m2 class Il obesity,
and =40 kg/m? class Il obesity).
Baseline clinical variables included
baseline comorbidities (hypertension,
hyperlipidemia, coronary heart disease
[CHD], previous stroke, cancer, and de-
pression or anxiety), diabetes-specific
variables, and baseline eGFR. Baseline
comorbidities were defined using both self-
reported answers to the 45 and Up Study
baseline questionnaire and available linked
data up to 3 years prior to the 45 and Up
Study enrollment date. Hypertension, hy-
perlipidemia, CHD, previous stroke, cancer,
and depression or anxiety were defined

by self-reported answers to the 45 and Up
Study baseline questionnaire. Hyperten-
sion, hyperlipidemia, and depression
were also defined by dispensing of an-
tihypertensive, lipid-lowering therapy,
or antidepressant medication, respec-
tively, in the PBS database. Additionally,
ICD-10 Australian Modification codes
were used to identify hospitalizations
involving diagnoses for hypertension,
hyperlipidemia, as well as acute myocar-
dial infarction and coronary artery bypass
grafting (indicating CHD) and stroke
(Supplementary Table 1).
Diabetes-specific variables included di-
abetes duration calculated from the date
of diagnosis until the end of the study
period for incident participants and
self-report for participants with prev-
alent diabetes. The baseline eGFR up to
1 month prior to meeting criteria for the
diagnosis of diabetes was also examined.

Statistical Analysis

The incidence rate of eGFR <60 mL/min/
1.73 m? was determined using Poisson
regression and presented as incidence
rate per 100 person-years (95% Cls). This
was calculated for the entire cohort
and stratified by age using the follow-
ing age brackets: 45-54,55-64, 65-74,
75-84, and =85 years. Rates were ad-
justed for sociodemographic, lifestyle,
and clinical variables as well as baseline
eGFR.

The covariates eGFR at study enroll-
ment and age were treated as continuous
variables. All other covariates were cat-
egorical variables, which were analyzed
in the smallest available unit to allow for
the assessment of trends. All comorbidity
variables were dichotomous variables
(presence or absence of disease).

Missing data were imputed using
chained equations with linear regression
for log-transformed continuous variables
(e.g., age, eGFR at baseline, and time
toincidence/censoring) and discriminant
analysis for categorical variables (includ-
ing censoring status) (21). This procedure
method assumes that data are missing at
random, i.e., with missingness predicted
by conditioning on all the variables in-
cluded in the imputation model. Forty
imputed versions of the data set were
created, and the resulting parameter
estimates were combined using Rubin’s
rules (22). No outcome data were missing
in our cohort, and only missing baseline
characteristics were imputed.
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Cox regression was used to determine
associations between baseline demo-
graphic, socioeconomic, and lifestyle factors;
comorbidities; and the outcome of incident
eGFR <60 mL/min/1.73 m? over the follow-
up period. Results were combined using
Rubin’s rules (22). The hazard ratio (HR)
(with 95% Cl) was estimated for each var-
iable with adjustment for age and sex in
a minimally adjusted model. All variables
were included in a fully adjusted model.

Median follow-up time was estimated
with the Kaplan-Meier method (23). The
proportional hazards assumption and lin-
earity of the continuous covariates was
checked visually on the firstimputed data
set using cumulative sums of residuals
(24). We checked the proportional haz-
ards assumption and the linearity of
continuous variables by examining the
cumulative sums of the martingale-
based residuals and found no evidence
of violations of proportional hazards or
nonlinearity (24).

All data management and analyses
were completed in SAS Enterprise Guide
7.1 with SAS/STAT 14.1 (SAS Institute,
Cary, NC).

RESULTS

Cohort Characteristics

Among 9,313 participants with diabe-
tes at risk for developing eGFR <60
mL/min/1.73 m? (Supplementary Fig. 1), at
baseline, 5,105 (54.8%) had prevalent dia-
betes, and 4,208 (45.2%) developed in-
cident diabetes during follow-up. Mean
age was 65.4 years (SD 9.7), and 55% of
participants were male. The cardiovas-
cular burden of disease was high with
hypertension present in 73.4% and hy-
percholesterolemia in 65.8% of individu-
als. Participants living in a major city
represented 65.4% of the cohort, while
25.4% resided in inner regional and
8.7% in outer regional and remote
areas (Table 1).

Overall and Age-Stratified
eGFR <60 mL/min/1.73 m? Incidence
Rate in Diabetes
Of 9,313 participants at risk, 2,106 (22.6%)
developed incident eGFR <60 mL/min/
1.73 m? over a median follow-up time
of 5.7 years (interquartile range [IQR],
3.0-5.9), corresponding to an incidence
rate of 6.0 (95% CI 5.7-6.3) per 100
person-years.

The incidence rate was higher in
older age groups, increasing from 1.5
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Table 1—Baseline characteristics of EXTEND45 participants who were at risk of developing incident eGFR <60 mL/min/1.73 m?

Diabetes with no incident Diabetes with incident

eGFR <60 mL/min/1.73 m? eGFR <60 mL/min/1.73 m? All
Baseline characteristics (n = 7,207) (n = 2,106) (n = 9,313)
Age (years), mean (SD) 63.9 (9.3) 70.5 (9.4) 65.4 (9.7)

Male

Diabetes status at 45 and Up enrollment

Prevalent
Incident (during follow-up)

Diabetes duration (years), mean (SD)
Diabetes duration >5 years

Baseline eGFR (mL/min/1.73 m?), mean (SD)

Baseline eGFR >90 mL/min/1.73 m?
Baseline eGFR 60-89 mL/min/1.73 m?
Hypertension, present
Hypercholesterolemia, present
CHD, present
Previous stroke
Prior or current cancer
Prior or current depression
Country of birth
Europe
Australia
New Zealand and Polynesia
Africa and the Middle East
Asia
Americas
Inadequately described or missing
Area of residence
Major city
Inner regional
Outer regional and remote
Highest qualification
No school certificate
School or intermediate certificate
Higher School Certificate
Trade or apprenticeship
Certificate or diploma
University degree or higher
Household income
Less than $20,000
$20,000 to <50,000
$50,000 to <70,000
$70,000 and over
Partner status
Partner
No partner
Level of disadvantage
Q1 (most disadvantaged)
Q2
Q3
Q4
Q5 (least disadvantaged)
Smoking status
Current
Previous
Never

Alcohol consumption (number of standard drinks/week)

0
1-6

3,976/7,207 (55.2)

3,584/7,207 (49.7)
3,623/7,207 (50.3)
1.53 (2.310)
931/7,207 (12.9)
83.55 (16.014)
2,232/7,207 (31.0)
4,975/7,207 (69.0)
5,019/7,207 (69.6)
4,587/7,207 (63.6)
1,361/7,207 (18.9)
301/7,207 (4.2)
503/7,207 (7.0)
1,390/7,207 (19.3)

1,229/7,207 (17.1)
4,957/7,207 (68.8)
164/7,207 (2.3)
199/7,207 (2.8)
482/7,207 (6.7)
103/7,207 (1.4)
73/7,207 (1.0)

4,806/7,119 (67.5)
1,744/7,119 (24.5)
569/7,119 (8.0)

1,051/7,088 (14.8)
1,585/7,088 (22.4)
727/7,088 (10.3)
840/7,088 (11.9)
1,374/7,088 (19.4)
1,511/7,088 (21.3)

1,581/6,833 (22.2)
1,697/6,833 (24.8)
748/6,833 (10.9)
1,552/6,833 (22.7)

5,458/7,154 (76.3)
1,696/7,154 (23.7)

1,526/7,064 (21.6)
1,300/7,064 (18.4)
1,297/7,064 (18.4)
1,196/7,064 (16.9)
1,745/7,064 (24.7)
636/7,181 (8.9)
2,884/7,181 (40.2)
3,661/7,181 (51.0)
636/7,181 (8.9)

2,885/7,021 (41.1)
1,925/7,021 (27.4)

1,165/2,106 (55.3)

1,521/2,106 (72.2)
585/2,106 (27.8)

2.63 (2.647)
508/2,106 (24.1)
72.12 (9.758)
136/2,106 (6.5)
1,970/2,106 (93.5)
1,817/2,106 (86.3)
1,539/2,106 (73.1)
652/2,106 (31.0)
149/2,106 (7.1)
242/2,106 (11.5)
404/2,106 (19.2)

353/2,106 (16.8)
1,567/2,106 (74.4)
27/2,106 (1.3)
41/2,106 (1.9)
76/2,106 (3.6)
19/2,106 (0.9)
23/2,106 (1.1)

1,247/2,074 (60.1)
594/2,074 (28.6)
233/2,074 (11.2)

382/2,054 (18.6)
549/2,054 (26.7)
210/2,054 (10.2)
266/2,054 (13.0)
344/2,054 (16.7)
303/2,054 (14.8)

651/1,957 (33.2)
552/1,957 (28.2)
151/1,957 (7.7)
222/1,957 (11.3)

1,450/2,089 (69.4)
639/2,089 (30.6)

524/2,056 (25.5)
421/2,056 (20.5)
371/2,056 (18.0)
320/2,056 (15.6)
420/2,056 (20.4)
101/2,097 (4.8)
920/2,097 (43.9)
1,076/2,097 (51.3)
101/2,097 (4.8)

965/2,032 (47.5)
507/2,032 (25.0)

5,141/9,313 (55.2)

5,105/9,313 (54.8)
4,208/9,313 (45.2)
1.78 (2.434)
1,439/9,313 (15.5)
80.96 (15.583)
2,368/9,313 (25.4)
6,945/9,313 (74.6)
6,836/9,313 (73.4)
6,126/9,313 (65.8)
2,013/9,313 (21.6)
450/9,313 (4.8)
745/9,313 (8.0)
1,794/9,313 (19.3)

1,582/9,313 (17.0)
6,524/9,313 (70.1)
191/9,313 (2.1)
240/9,313 (2.6)
558/9,313 (6.0)
122/9,313 (1.3)
96/9,313 (1.0)

6,053/9,193 (65.8)
2,338/9,193 (25.4)
802/9,193 (8.7)

1,433/9,142 (15.7)
2,134/9,142 (23.3)
937/9,142 (10.2)
1,106/9,142 (12.1)
1,718/9,142 (18.8)
1,814/9,142 (19.8)

2,232/8,790 (25.4)
2,249/8,790 (25.6)
899/8,790 (10.2)
1,774/8,790 (20.2)

6,908/9,243 (74.7)
2,335/9,243 (25.3)

2,050/9,120 (22.5)
1,721/9,120 (18.9)
1,668/9,120 (18.3)
1,516/9,120 (16.6)
2,165/9,120 (23.7)
737/9,278 (7.9)
3,804/9,278 (41.0)
4,737/9,278 (51.1)
737/9,278 (7.9)

3,850/9,053 (42.5)
2,432/9,053 (26.9)

Continued on p. 986
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Table 1—Continued

Diabetes with incident
eGFR <60 mL/min/1.73 m* Al

Diabetes with no incident
eGFR <60 mL/min/1.73 m?

Baseline characteristics

(n = 7,207)

(n = 2,106)

(n = 9,313)

7-13
14-20
Over 21

BMI
<18.5 kg/m?
18.5 to <25 kg/m?
25 to <30 kg/m?
30 to <35 kg/m?
35 to <40 kg/m?>
=40 kg/m?

1,030/7,021 (14.7)
635/7,021 (9.0)
546/7,021 (7.8)

40/6,698 (0.6)
1,267/6,698 (18.9)
2,497/6,698 (37.3)
1,746/6,698 (26.1)
707/6,698 (10.6)

441/6,698 (6.6)

254/2,032 (12.5)
160/2,032 (7.9)
146/2,032 (7.2)

11/1,927 (0.6)
329/1,927 (17.1)
741/1,927 (38.5)
513/1,927 (26.6)
216/1,927 (11.2)
117/1,927 (6.1)

1,284/9,053 (14.2)
795/9,053 (8.8)
692/9,053 (7.6)

51/8,625 (0.6)
1,596/8,625 (18.5)
3,238/8,625 (37.5)
2,259/8,625 (26.2)
923/8,625 (10.7)

558/8,625 (6.5)

Data are n/n (%) unless otherwise noted.

(IQR 1.3-1.9) per 100 person-years in
participants aged 45-54 years to 26.0
(22.0-32.0) per 100 person-years in those
aged 85 years and over (Table 2). The in-
cidence rate remained constant over time
except in those aged 85 years and over
(Fig. 1).

Associations of Incident eGFR <60 mL/
min/1.73 m? in Diabetes

In both sex-adjusted (Supplementary
Table 2) and fully adjusted multivariable
models, age was independently associated
with incident eGFR <60 mL/min/1.73 m?
(HR 1.23 per 5-year increase; 95% ClI
1.19-1.26). In fully adjusted analyses, geo-
graphical remoteness of residence was also
predictive of eGFR <60 mL/min/1.73 m%;
compared with living in a major city, living
in an inner regional city was associated
with a higher incidence (1.14; 1.03-1.26)
as was living in an outer regional city
(1.36; 1.17-1.58).

Compared with a normal-range BMI
(18.0-24.9 kg/m?), BMI values in the over-
weight class (HR 1.20; 95% CI 1.05-1.37),
obeseclass1(1.32;1.14-1.53), obese class
Il (1.52; 1.26-1.83), and obese class Il
(1.44; 1.16-1.80) ranges were all predic-
tive in a graded fashion (Fig. 2).

In regard to comorbidities at base-
line, the presence of hypertension (HR
1.52; 95% Cl 1.33-1.73), coronary heart

partner (0.90; 0.81-0.99), and alcohol con-
sumption of <20 standard drinks per
week (Fig. 2).

Several demographic and socioeco-
nomic variables were not predictive, in-
cluding sex, annual household income,
highest qualification, area-level quintile
of disadvantage, and smoking status.

CONCLUSIONS

In our Australian population-based co-
hort of participants with diabetes aged
45 years and over, the age-adjusted in-
cidence rate of eGFR <60 mL/min/1.73 m?
was 6.0 new cases per 100 person-years
between 2006 and 2014. This represents
an updated real-world estimate of the
burden of CKD in NSW, Australia. In a
fully adjusted multivariable model, eGFR
<60 mL/min/1.73 m? was independently
associated with sociodemographic vari-
ables of increasing age and geographi-
cal remoteness, and the clinical variables
of elevated BMI, hypertension, coronary
heart disease, depression, cancer, and a
diabetes duration over 5 years.

The incidence rate of 6.0 (95% CI 5.7—
6.3) new cases in 100 person-years in our

diabetes cohort is higher than that re-
ported in other population-based studies
of adults in regions such as North America
(11,12,25), Australia (26), Scandinavia (27),
and Europe (28,29). In these studies, esti-
mates of incident CKD ranged between 2.0
and 3.0 new cases per 100 person-years,
despite considerable variations in terms of
data sources and study design (e.g., na-
tional surveys, registries, and randomized
controlled trials). In contrast to our study
that used linked clinical data and ensured
complete follow-up of our entire cohort of
participants with diabetes, the National
Health and Nutrition Survey (NHANES),
which used repeated cross-sectional cohorts
of adults over a 20-year period (11,12,25),
and the Australian Diabetes, Obesity and
Lifestyle Study (AusDiab), which followed
a longitudinal cohort of adults over 25 years
(26), were limited by steadily declining re-
sponse rates, which limit their validity and
representativeness. Similarly, the Swedish
National Diabetes Registry of 3,667 people
over the age of 30 years with diabetes
recruited from around 95% of hospital-
based outpatient clinics and 60% of primary
health care centers (27) required participants

Table 2—Incidence rates of eGFR <60 mL/min/1.73 m? in those at risk stratified

by age group

incident eGFR <60 mL/min/1.73 m?

disease (1.13; 1.02-1.24), cancer (1.30;

1.14-1.50) 4 d ’ ot Age (years) Number at risk Number Rate per 100 person-years (95% Cl)
.14-1.50), and depression or anxie
(1.14; 1.01-1.27) alsz predicted inciden\'z 45-54 1,820 121 15(13-1.9)
eGFR <60 mL/min/1.73 m?. The presence SR el Y 2l el
of diabetes for more than 5 years was also ek 2R ZE0 P ek
predictive (1.37; 1.24-1.52) (Fig. 2). 75-84 1,230 >58 15 (13.0-16.0)

Factors that were associated with a 85 and over 140 80 26 (22.0-32.0)

lower incidence of eGFR <60 mL/min/
1.73 m? included a higher baseline eGFR
(HR 0.93; 95% Cl 0.92-0.93), having a

*Incidence rates calculated using Poisson regression incorporate follow-up time and will differ
from manual calculation using numbers at risk and developing incident eGFR <60 mL/min/
1.73 m%
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—
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-
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—
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Figure 1—Kaplan-Meier curves of the time to incident eGFR <60 mL/min/1.73 m? in the overall
cohort as well as stratified by age. Kaplan-Meier curves do not start at 0 because some participants
meet the criteria for diabetes and CKD at the same time or at very close time intervals.

to be alive at 5 years of follow-up, essentially
selecting out a healthier diabetes cohort.

There are several possible contribu-
tors to the higher incidence rate ob-
served in our study compared with the
published estimates. First, our study uses
real-world clinical data from multiple
data sources to ascertain eGFR <60
mL/min/1.73 m? status. This approach
may more comprehensively capture in-
cident CKD than methodologies that rely
on self-report or repeated biochemical
testing limited to those attending follow-
up study visits. Moreover, the use of
routinely collected real-world data re-
duces the amount of healthy volunteer
bias, which could otherwise lead to an
underestimate of disease burden. Sec-
ond, in contrast to other studies, our
cohort was 5-10 years older than other
cohorts (25-27), which is afactor that has
been continually shown to be associated
with a higher incidence of CKD (28-32).
Third, in contrast to studies (28,30,33) that
investigate CKD incidence among incident
cases of diabetes, our study cohort con-
sisted of participants with both incident
and prevalent diabetes, thus including
people with more advanced disease. Fi-
nally, previous published estimates of in-
cidence and prevalence of CKD in diabetes
have used a number of definitions and
various equations, each with their limi-
tations. We defined CKD as an eGFR
of <60 mL/min/1.73 m? using the CKD-
EPI equation. The CKD-EPI equation has
been shown to provide a better estimate

of early CKD and may, thus, result in a
higher estimate of CKD incidence (34).
Our study confirmed some previously
identified associations of CKD in diabe-
tes suggesting irreversible factors or
factors where effective mitigation strat-
egies are yet to be identified and imple-
mented. Advancing age continues to be
an established association of CKD in di-
abetes (28-32). The incidence rate of CKD
increased almost fivefold in NSW adults
with diabetes aged 85 years and over
compared with those in younger age cat-
egories. However, it is unclear whether this
is a reflection of the high competing risk
of mortality in this group, leading to an
inflation of the incidence rate estimate, or
whether other factors are at play. Other fac-
tors that continue to predict CKD in people
with diabetes, despite being potentially
amenable to mitigation, include obesity
(31,35) and high blood pressure (31).
Some factors do not universally predict
CKD in all diabetes cohorts. Socioeconomic
markers, such as income, educational level
(31), and social disadvantage (36), have
predicted CKD in diabetesin other settings
but not in our setting of contemporary
NSW, Australia. Living remotely compared
with living in a major city was indepen-
dently associated in our study. Australia is
serviced by a government-funded univer-
sal healthcare system, which may mitigate
the impact of many socioeconomic fac-
tors. Nevertheless, it is important to
note that around 90% of the Australian
population is urbanized (Australian Bureau

of Statistics, 2016) and situated on the
coastal fringes of the continent, while
most of the remaining land mass is
relatively arid and sparsely populated.
As a result, the higher risk of eGFR <60 mL/
min/1.73 m? in those living remotely
might be due to poorer access to health
care and preventative programs.

Our study found no sex differences in
the risk of CKD in those with diabetes,
whereas previous studies have found
both an increased risk (27,31,37,38)
and a reduced risk (30) in both sexes.
Possible reasons for these disparate re-
sults might lie in the inherent health
behaviors that are influenced by the
societal roles ascribed to different sexes
across cultures and countries. These fac-
tors are harder to adjust for in multivari-
able modeling and raise the possibility of
unmeasured confounding.

Our study found that a history of can-
cer at baseline predicted incident eGFR
<60 mL/min/1.73 m>. The epidemiology
of cancerand CKD is not well understood.
Cancer patients may be exposed to var-
ious pathways through which they might
accumulate kidney damage. There are
direct nephrotoxic effects of anticancer
treatments and radiological contrast ma-
terial for imaging studies for cancer di-
agnosis, staging, and monitoring as well
as direct effects of tumors involving the
kidneys either extrinsically through com-
pression or intrinsically through primary
or metastatic disease. CKD has significant
implications for cancer patients. Most no-
tably, it may confer an increased cancer-
specific mortality independent of ageand
cancer type (39). Taken together, these
results suggest that those with diabetes
who are receiving treatment for cancer
warrant closer monitoring for the de-
velopment of CKD.

We found that the presence of base-
line depression and anxiety predicted
incident disease. A recent prospective
cohort study in U.S. veterans with di-
abetes found a similar association (8),
despite our study cohort being younger
with a lower comorbid burden. It is un-
clear whether this association is entirely
due to residual confounding owing to
disease severity and comorbid burden or
whether a causal relationship exists, such
as adverse changes in health behaviors
due to depression.

Our study has many strengths. It is a
large, prospective, longitudinal population-
based cohort using real-world clinical
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data to assess CKD incidence and risk
factors. Clinical data contained within the
linked data sources are comprehensive

Covariate
Sociodemographic Variables
Age (per 5-year increase)

Female vs male

Country of Birth vs Australia
Europe
New Zealand and surrounding Islands *
Africa and the Middle East
Asia
The Americas
Inadequately described or missing

Remoteness Category vs Major City
Inner Regional
Quter Regional & Remote

Highest Qualification vs no Qualification
School certificate
High school certificate
Trade qualification
Certificate/diploma
University degree

Annual household income vs <$5,000
$5,000-$9,999
$10,000-$19,999
$20,000-529,999
$30,000-$39,999
$40,000-549,999
$50,000-$69,999
$70,000+
| would rather not answer the question

With partner vs without partner

Disadvantage index vs Q1 (most disadvantaged) T
Q2
Q3
Q4
Q5 (least disadvantaged)

Lifestyle behaviors

Smoking status vs never smoked
Current smoker
Previous smoker

Alcohol consumption (standard drinks/week) vs 0
1t06
Tto13
1410 20
21+
BMI (kg/m2) vs normal weight
Underweight
Overweight
Obese Class |
Obese Class I
Obese Class Il

Clinical Variables
Presence of hypertension

Presence of hyperlipidemia
Presence of coronary heart disease
Previous stroke

Cancer

Depression or anxiety

Diabetes duration over 5 years

Baseline eGFR (continuous) §

Hazard Ratio [95% CI]
1.23(1.19-1.26)

1.02 (0.93-1.13)

0.91 (0.81-1.03)
0.79 (0.54-1.16)
0.86 (0.62-1.18)
0.82 (0.65-1.05)
0.76 (0.48-1.20)
0.82 (0.54-1.24)

1.14 (1.03-1.26)
1.36 (1.17-1.58)

0.99 (0.86-1.13)
1.01 (0.85-1.20)
1.02 (0.86-1.20)
0.95 (0.82-1.11)
0.94 (0.79-1.11)

1.06 (0.74-1.50)
1.21 (0.88-1.66)
1.32 (0.95-1.84)
1.16 (0.81-1.65)
1.07 (0.75-1.54)
1.21(0.85-1.72)
1.12 (0.79-1.58)
1.17 (0.85-1.63)

0.90 (0.81-0.99)

1.02 (0.90-1.16)
0.95 (0.83-1.09)
0.94 (0.81-1.09)
0.99 (0.86-1.15)

0.96 (0.77-1.18)
1.04 (0.95-1.14)

0.85 (0.76-0.95)
0.78 (0.68-0.90)
0.80 (0.67-0.96)
0.96 (0.79-1.15)

—a—

| 1.07 (0.60-1.91)
1.20 (1.05-1.37)
1.32 (1.14-153)
1.52 (1.26-1.83)
1.44 (1.16-1.80)
1.52 (1.33-1.73)
1.03 (0.93-1.14)
1.13 (1.02-1.24)
1.02 (0.85-1.21)
1.30 (1.14-1.50)
1.14 (1.01-1.27)
1.37 (1.24-152)

0.93 (0.92-0.93)

0.50

Lower Risk

and continuously collected. We defined
eGFR <60 mL/min/1.73 m? using rou-
tinely collected laboratory data, which is

1.0 1.5
Higher Risk

2.0

Figure 2—Multivariable Cox regression analyses for baseline variables as associations for the development of incident eGFR <60 mL/min/1.73 m?
among those with diabetes. *Surrounding Islands: New Caledonia, Papua New Guinea, Solomon Islands, Vanuatu, Cook Islands, Fiji, Niue, Samoa,
Tokelau, Tonga, Tuvalu. TAs defined by the Australian Bureau of Statistics. fNormal weight = BMI 18.5 to <25 kg/m?, underweight = BMI <18.5 kg/m?,
overweight = BMI 25 to <30 kg/m?, obese class | = BMI 30 to <35 kg/m?, obese class Il = BMI 35 to <40 kg/m?, obese class Ill = BMI =40 kg/m?.
§Baseline eGFR (continuous), eGFR (mL/min/1.73 m?).

more sensitive than relying on adminis-
trative codes (40). Similarly, comorbidities
were defined by multiple data sources,
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including medication dispensation and
ICD-10 codes, a more robust method
than self-report alone. Our methodology
ensured complete follow-up without face-
to-face visits, reducing participant burden
and susceptibility to healthy volunteer
bias seen in more traditional longitudi-
nal cohort studies.

Our study has important limitations.
The reliance on routinely collected se-
rum creatinine results for the identifica-
tion and classification of CKD could
have introduced an indication bias. We
explored this further by examining the
baseline characteristics of the diabe-
tes cohort who had a serum creatinine
measure and compared this with the base-
line characteristics of those who did
not. We found that the groups were well
matched for all baseline characteristics,
including age, sex, geography, markers of
socioeconomic status, and comorbidities
(Supplementary Table 3). The only differ-
ence between those with a serum creat-
inine and those without was that there
was a greater proportion with incident di-
abetes and a diabetes duration >5 years,
which is likely reflective of appropriate
testing rather than a selection bias to-
ward a healthier or more advantaged
population. Nonetheless, the possibility
of some residual indication bias remains.

Our cohort is limited to those who
present for serum creatinine testing who
may represent as few as 50% annually of
individuals with diabetes despite annual
CKD screening being stipulated by na-
tional and international guidelines (41).
Hence, the incidence of CKD found in our
study may be an overestimation of the
incidence in the general population. Our
inclusion criteria only required one cre-
atinine measurement in the 3 years prior
to recruitment to the 45 and Up Study
because we did not wish to further select
our cohort. As a result, we were unable
to account for fluctuations in eGFR mea-
surements over the follow-up period,
which may have led to misclassification
of CKD. Furthermore, only limited linked
albuminuria or proteinuria assessments
wereavailable, preventing meaningfulin-
corporation of these values in our model.
This may have resulted in an underesti-
mation of our incidence rate because we
may have missed participants who met
the criteria for CKD due to the presence of
albuminuria. Our cohort was limited to
adults over the age of 45 years, making
our results less generalizable to younger

age groups. However, given the associ-
ation of age with hospitalizations, our
results are very relevant to health service
planning. Our definition of diabetes using
routinely collected data precluded the
ability to distinguish between type 1 and
type 2 diabetes that may have con-
founded our estimate. Finally, our study
was conducted in the context of a uni-
versal health care system that may not be
generalizable to other settings.

Conclusion and Future Research
In a population-based study of partici-
pants aged over 45 years in Australia, the
incident rate of eGFR <60 mL/min/1.73 m?
in diabetes is high and increases with ad-
vancing age. In a universal health care set-
ting, the presence of the comorbidities of
hypertension, CHD, cancer, and depression
or anxiety were all found to be associated
with a higher risk of developing CKD, while
socioeconomic markers of disadvantage
were not. This study demonstrates the role
that routine clinical data can have for mon-
itoring disease incidence over time.
Future research should investigate the
implications of this high incidence rate
on individual health outcomes, such as
disease progression, as well as on future
health service planning.
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