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Abstract

Introduction: Acute kidney diseases and disorders (AKD)
encompass acute kidney injury (AKI) and subacute or persis-
tent alterations in kidney function that occur after an initiat-
ing event. Unlike AKI, accurate estimates of the incidence
and prognosis of AKD are not available and its clinical sig-
nificance is uncertain. Methods: We studied the epidemiol-
ogy and long-term outcome of AKD (as defined by the KDI-
GO criteria), with or without AKI, in a retrospective cohort of
adults hospitalized at a single centre for >24 h between
2012 and 2016 who had a baseline eGFR =60 mL/min/1.73
m? and were alive at 30 days. In patients for whom follow-up

data were available, therisks of major adverse kidney events
(MAKEs), CKD, kidney failure, and death were examined by
Coxand competingriskregressionanalyses. Results: Among
62,977 patients, 906 (1%) had AKD with AKI and 485 (1%)
had AKD without AKI. Follow-up data were available for
36,118 patients. In this cohort, compared to no kidney dis-
ease, AKD with AKI was associated with a higher risk of
MAKEs (40.25 per 100 person-years; hazard ratio [HR] 2.51,
95% confidence interval [Cl] 2.16-2.91), CKD (27.84 per 100
person-years); subhazard ratio [SHR] 3.18,95% Cl 2.60-3.89),
kidney failure (0.56 per 100 person-years; SHR 24.84, 95% Cl
5.93-104.03), and death (14.86 per 100 person-years; HR
1.52, 95% ClI 1.20-1.92). Patients who had AKD without AKI
also had a higher risk of MAKEs (36.21 per 100 person-years;
HR 2.26,95% Cl 1.89-2.70), CKD (22.94 per 100 person-years;
SHR 2.69,95% Cl 2.11-3.43), kidney failure (0.28 per 100 per-
son-years; SHR 12.63,95% Cl 1.48-107.64), and death (14.86
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per 100 person-years; HR 1.57,95% Cl 1.19-2.07). MAKEs af-
ter AKD were driven by CKD, especially in the first 3 months.
Conclusions: These findings establish the burden and poor
prognosis of AKD and support prioritisation of clinical initia-
tives and research strategies to mitigate such risk.

© 2021 S. Karger AG, Basel

Introduction

Acute kidney injury (AKI) represents a heterogeneous
syndrome characterized by an abrupt reduction in the
glomerular filtration rate. It isa common complication of
acute illness and is associated with adverse sequelae in the
short- and long-term [1-3]. The term “acute kidney dis-
eases and disorders” (AKD) was proposed by the Kidney
Disease Improving Global Outcomes (KDIGO) guideline
in 2012 to define the clinical course after AKI for patients
in whom pathophysiological processes are ongoing after
7 days and to describe subacute alterations in kidney
function that do not meet the criteria for either AKI or
CKD [4]. Although such classifications of kidney disease
states as AKI, AKD, or CKD are made on the basis of
epidemiological constructs, these operational definitions
facilitate the study of phenomena that are poorly under-
stood. Since AKD is thought to represent a period of par-
ticular vulnerability during which patients are at a high
risk of transitioning to CKD, understanding the epidemi-
ology and natural history of AKD has been highlighted by
Acute Disease Quality Initiative (ADQI) and KDIGO
groups as a high research priority [5, 6].

Despite this, AKD has not been systematically studied,
and its relationship with long-term clinical outcomes is
poorly understood. Data from previous studies have been
variably limited by short follow-up time [7, 8], non-con-
sensus definitions of exposure [7-11], clinically enriched
populations [10, 12-16], lack of adjustment for con-
founders [7, 9, 12, 14-16], and pooling of heterogeneous
data from community and hospital settings [17]. The only
published study to examine AKD without AKI included
patients with unknown baseline kidney function [17].
This may have introduced bias and resulted in misclas-
sification of CKD as AKD. No study to date has quanti-
fied the burden and trajectory of AKD in an unselected
hospital cohort or compared the contribution of AKD,
with or without AKI, to adverse outcomes. Therefore, we
aimed to estimate the incidence of AKD in hospitalized
patients and to evaluate its association with major adverse
kidney events (MAKEs), CKD, kidney failure, and death,
stratified by AKI status. We hypothesized that AKD
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would occur commonly and be associated with height-
ened risks of each adverse event, especially when preced-
ed by AKI.

Methods

Study Design

We performed a retrospective cohort study of patients admit-
ted to an academic centre in Melbourne, Australia, between Janu-
ary 1, 2012, and December 31, 2016. Ethics approval was obtained
prior to commencement (LNR/18/Austin/286), and the need for
informed consent was waived. All reporting was performed in ac-
cordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [18]. Patients were
followed until death, loss to follow-up (i.e., the date of the last
available pathology test), or until December 31, 2019.

Study Population

All adult patients (218 years) who were hospitalized for >24 h
during the study period were included if they had an estimated
glomerular filtration rate (eGFR) of at least 60 mL/min/1.73 m? at
baseline and were alive at 30 days after discharge. Patients who re-
ceived chronic kidney replacement therapy (haemodialysis, peri-
toneal dialysis, or kidney transplantation) prior to the index hos-
pitalization were excluded.

Data Collection

Data pertaining to baseline characteristics were obtained
from hospital administrative and pathology databases. Comor-
bidities were identified using validated International Classifica-
tion of Diseases 10th Edition (ICD-10) and Australian Classifica-
tion of Health Interventions (ACHI) coding algorithms [19], and
included cigarette smoking, diabetes, hypertension, dyslipidae-
mia, cerebrovascular disease, cardiovascular disease, peripheral
vascular disease, chronic heart failure, arrhythmia, valvular heart
disease, lung disease, liver disease, haematological disease, and
malignancy (online suppl. Appendix 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000515231). Any comor-
bidity was considered to be absent if no representative codes were
identified for that individual. Relevant admission characteristics
included admission type (emergency, elective, or other), admis-
sion unit (general surgery, specialty surgery, general medicine, or
specialty medicine), care type (intensive care, coronary care),
length of stay, and discharge destination (home, nursing home,
or other). The date of death (if applicable) was extracted from the
hospital medical record. All serum creatinine and eGFR mea-
surements performed from 12 months prior to the index admis-
sion and until the end of follow-up were extracted from the labo-
ratory database.

Baseline serum creatinine values were estimated as the median
measurement between 7 and 365 days prior to admission. For pa-
tients who did not have a serum creatinine measurement per-
formed in this period, we used the lower of the admission serum
creatinine value or the value calculated using the Modification of
Diet in Renal Disease Study equation assuming a baseline eGFR of
75mL/min/1.73 m? [4, 20, 21]. Baseline eGFR was computed based
on age, sex, and the serum creatinine level using the CKD epide-
miology collaboration equation [22].
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Definition of AKI and AKD Exposure

The exposure of interest was the kidney disease phenotype, cat-
egorized as AKD with AKI, AKD without AKI, and AKI alone. No
kidney disease (NKD) was the reference group. Diagnoses of AKD
and AKI were determined using serum creatinine measurements
according to the KDIGO criteria (online suppl. Appendix 2) [6].

The KDIGO criteria define AKI as a rise in serum creatinine of
atleast 26.5 umol/L in 48 h or asa >50% increase in serum creatinine
from baseline within 7 days. The KDIGO criteria define AKD as the
presence of AKI, a >50% increase in serum creatinine, or a 235%
decrease in eGFR from baseline for <3 months, or as a newly devel-
oped eGFR <60 mL/min/1.73 m? for <3 months. Although this def-
inition for AKD includes AKI, for the purposes of this study, the
AKI and non-AKI subtypes of AKD were examined independently.

Clinical Outcomes

The primary outcome was the development of a MAKE at 12
months. A MAKE was defined as the composite of de novo CKD
(eGFR <60 mL/min/1.73 m? sustained for a minimum of 3
months), kidney failure (éGFR <15 mL/min/1.73 m? sustained for
a minimum of 3 months or initiation of chronic kidney replace-
ment therapy), or death [23]. The date of developing a MAKE was
defined as the date of the first qualifying event (i.e., the first date
on which a patient’s kidney function or clinical status declined suf-
ficiently to meet the relevant criteria, without rising above that
threshold again). Secondary outcomes included CKD, kidney fail-
ure, death, eGFR trajectory, and 30-day hospital readmission.

Statistical Analysis

Baseline characteristics were expressed as frequencies (1, %),
means (standard deviation), or medians (interquartile range, IQR)
as dictated by data type. Between-group comparisons were per-
formed using the ¥ test, analysis of variance, and Kruskal-Wallis
test as appropriate. Multivariable logistic regression was used to
explore factors associated with developing AKD.

Predictors of the time to a MAKE were analysed using multi-
variable Cox regression models. The multivariable model was con-
structed using all available variables that were known to be bio-
logically plausible. Results from the multivariable models were re-
ported as hazard ratios (HRs) and 95% confidence intervals (95%
CI) and presented as a forest plot. Adjusted survival curves and the
log-rank test were used to compare MAKE-free survival between
phenotypes. Pre-specified first-order interaction terms between
phenotype and age, sex, and comorbidities were examined. Linear-
ity assumptions were validated by dividing continuous data into
quartiles and fitting as categorical variables. Proportional hazard
assumptions were confirmed graphically.

Multivariable Fine and Gray competing risk regression analy-
ses were used to examine the risks of developing CKD and kidney
failure. This approach was taken to minimize upward bias of our
estimates of the incidence of non-fatal outcomes in the presence of
the competing risk of death [24]. Results were reported as subhaz-
ard ratios and 95% CI, and presented as forest plots and cumulative
incidence function curves. Other secondary outcomes, including
death, hospital readmission, and eGFR trajectory, were studied us-
ing multivariable Cox regression, logistic regression, and multi-
level mixed effects linear regression analyses, respectively.

To estimate the clinical significance of our findings, restricted
mean survival times for MAKEs, CKD, and death were calculated
according to the methodology described by Royston and Parmar
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[25]. The robustness of our findings was tested by 3 sensitivity anal-
yses. The first used an alternative definition of new or progressive
CKD (a reduction in eGFR by >25% from baseline sustained for 3
months or more). The second examined predictors of the time to a
MAKE over the complete period of follow-up. The third utilized
multiple imputation to impute missing outcome data. Only indi-
viduals with complete comorbidity and outcome data were includ-
ed; no imputation for missing data was performed. Data were ana-
lysed using Stata/MP16.0 (College Station, TX, USA). Two-sided
p values <0.001 were considered statistically significant.

Results

Between January 1, 2012, and December 31, 2016,
62,977 patients were hospitalized for >24 h, were alive at
30 days, and had a baseline eGFR of at least 60 mL/
min/1.73 m? (see online suppl. Fig. 1).

In total, 906 patients (1%) had AKD with AKI, 485 pa-
tients (1%) had AKD without AKI, and 3,921 patients
(6%) had AKI alone. The remaining 57,665 patients (92%)
had NKD.

Of patients with AKI, 3,651 patients (76%) had stage 1
AKTI, 849 patients (18%) had stage 2 AKI, and 327 patients
(7%) had stage 3 AKI. Of patients with AKD, 1,075 (77%)
had a 35% reduction in eGFR, 704 (51%) had a de novo
eGFR <60 mL/min/1.73 m?, and 560 (40%) had a 50% rise
in the serum creatinine level, each lasting between 7 days
and 3 months.

Table 1 summarizes the baseline characteristics of the
study population and the frequency of missing data. The
mean patient age was 55 years, half were male, and the
mean baseline eGFR was 90.9 mL/min/1.73 m? Two-
thirds of admissions were emergency, and 8% of patients
were cared for in a critical care area at some stage during
their hospitalization. Median length of stay was 3 days;
however, this varied markedly by kidney disease pheno-
type. Common admission diagnoses included gastroin-
testinal, cardiovascular, and neoplastic disorders (online
suppl. Table 1).

The median numbers of available serum creatinine
measurements performed in the 12 months prior to ad-
mission and during admission were 1 (IQR 1-2) and 2
(IQR 1-4), respectively. Follow-up data were available for
36,118 patients. No clinically significant differences were
observed in baseline characteristics between patients for
whom follow-up data were or were not available (online
suppl. Table 2). The median period of follow-up was 2.6
years (IQR 0.8-4.4), and the median number of available
serum creatinine measurements post-discharge was 5
(IQR 2-15).

See/Polkinghorne/Toussaint/Bailey/
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Table 1. Baseline characteristics of 62,997 adults hospitalized for >24 h who had a baseline eGFR >60 mL/min/1.73 m? by phenotype

NKD AKT alone AKD with AKI AKD without AKI
(n=57,665) (n=3,921) (n=906) (n =485)

Male, 1 (%) 28,782 (50) 2,036 (52) 462 (51) 259 (53)
Age, (mean * SD), years 54.0 (18.9) 60.4 (18.8) 66.3 (16.8) 70.4 (14.9)
Smoking, 7 (%) 15,127 (26) 1,547 (39) 392 (43) 193 (40)
Diabetes, n (%) 6,245 (11) 868 (22) 254 (28) 138 (28)
Hypertension, n (%) 3,041 (5) 803 (20) 305 (34) 101 (21)
Cerebrovascular disease, n (%) 1,884 (3) 270 (7) 108 (12) 63 (13)
Cardiovascular disease, 1 (%) 3,341 (6) 624 (16) 167 (18) 45 (9)
Peripheral vascular disease, n (%) 830 (1) 235 (6) 115 (13) 46 (9)
Chronic heart failure, 1 (%) 987 (2) 331 (8) 188 (21) 64 (13)
Arrhythmia, n (%) 3,861 (7) 1,062 (27) 373 (41) 106 (22)
Valvular disease, 1 (%) 315 (1) 179 (5) 74 (8) 8(2)
Lung disease, 1 (%) 3,473 (6) 473 (12) 135 (15) 61 (13)
Liver disease, n (%) 2,054 (4) 284 (7) 105 (12) 42 (9)
Haematological disease, n (%) 500 (1) 65 (2) 32 (4) 21 (4)
Malignancy, 1 (%)

Nil 53,636 (93) 3,404 (87) 713 (79) 391 (81)

Non-metastatic 2,615 (5) 296 (8) 130 (14) 56 (12)

Metastatic 1,414 (2) 221 (6) 63 (7) 38 (8)
Baseline creatinine, (mean pmol/L + SD) 73.5(14.7) 74.4 (16.5) 73.4 (16.2) 73.6 (14.3)
Baseline eGFR (mean mL/min/1.73 m? + SD) 91.4 (15.7) 86.7 (15.1) 84.6 (14.6) 83.1(13.4)
Admission creatinine (mean umol/L + SD) 74.2 (17.0) 88.5 (40.5) 90.6 (46.8) 80.4 (22.0)
Discharge creatinine (mean pmol/L + SD) 72.9 (16.1) 73.3(25.9) 86.6 (42.1) 77.7 (20.7)
Admission type, n (%)

Emergency 38,457 (67) 2,817 (72) 637 (70) 400 (82)

Elective 14,185 (25) 863 (22) 177 (20) 56 (12)

Other 5,023 (9) 241 (6) 92 (10) 29 (6)
Admission unit, n (%)

General medicine 19,378 (34) 860 (22) 195 (22) 143 (29)

Specialty medicine 13,615 (24) 1,121 (29) 285 (31) 146 (30)

General surgery 9,429 (16) 739 (19) 156 (17) 61 (13)

Specialty surgery 12,637 (22) 1,116 (28) 253 (28) 121 (25)

Missing 2,606 (5) 85(2) 17 (2) 14 (3)
Diagnosis, n (%)

Sepsis 3,357 (6) 940 (24) 462 (51) 121 (25)

Cardiac surgery 361 (1) 402 (10) 98 (11) 8(2)

Hypovolaemia 2,642 (5) 758 (19) 200 (22) 59 (12)
Care type, 1 (%)

Intensive care unit 1,307 (2) 1,401 (36) 445 (49) 60 (12)
Coronary care unit 2,172 (4) 608 (16) 140 (15) 28 (6)
Hospital length of stay (median days [IQR]) 2(14) 8(413) 21 (14 35) 13 (9 20)

Discharge destination, 7 (%)
Home 54,710 (95) 3,382 (86) 726 (80) 394 (81)
Nursing home 1,064 (2) 219 (6) 86 (9) 64 (13)
Other 1,856 (3) 314 (8) 92 (10) 26 (5)
Missing 35 (<1) 6 (<1) 2 (<1) 1(<1)

With the exception of male sex (p = 0.04), all other comparisons were statistically significant (p < 0.001). AKD, acute kidney dis-
eases and disorders; AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; IQR, interquartile range; NKD, no kidney
disease; SD, standard deviation; eGFR, estimated glomerular filtration rate.
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Table 2. Overall and 12-month outcomes of 36,118 hospitalized adults with a baseline eGFR >60 mL/min/1.73 m? and at least one eGFR
measurement following discharge by phenotype

NKD AKI alone AKD with AKI AKD without AKI
(n=32,262) (n =2,596) (n=783) (n=477)
Overall
Median follow-up (years) 2.62 1.82 2.18 2.69
IQR 0.91-4.48 0.29-3.75 0.59-3.98 1.05-4.64
MAKEs, 1 (%) 5,250 (16) 627 (24) 384 (49) 288 (60)
Per 100 person-years 5.74 10.69 19.70 29.22
CKD, 1 (%) 2,296 (7) 267 (10) 212 (27) 146 (31)
Per 100 person-years 2.51 4.55 10.88 10.41
Kidney failure, n (%) 25 (0.1) 9(0.3) 4(0.5) 4(0.8)
Per 100 person-years 0.03 0.15 0.21 0.29
Death, n (%) 3,457 (11) 418 (16) 249 (32) 182 (38)
Per 100 person-years 3.78 7.13 12.77 12.97
12 months
MAKE:s, n (%) 2,084 (6) 333 (13) 214 (27) 131 (27)
Per 100 person-years 8.78 20.97 40.25 36.21
CKD, n (%) 1,014 (3) 168 (6) 148 (19) 83 (17)
Per 100 person-years 4.27 10.58 27.84 22.94
Kidney failure, n (%) 5(<0.1) 3(0.1) 3(0.4) 1(0.2)
Per 100 person-years 0.02 0.19 0.56 0.28
Death, 1 (%) 1,113 (3) 174 (7) 79 (10) 53 (11)
Per 100 person-years 4.69 10.96 14.86 14.65

All comparisons were statistically significant (p < 0.001). AKD, acute kidney diseases and disorders; AKI, acute kidney injury; eGFR,
estimated glomerular filtration rate; IQR, interquartile range; MAKESs, major adverse kidney events; NKD, no kidney disease.

Risk Factors for Acute Kidney Disease

Compared to those without AKD, patients with AKD
were more likely to be older or to have a history of smok-
ing, diabetes, hypertension, cerebrovascular disease, pe-
ripheral vascular disease, chronic heart failure, or liver
disease (online suppl. Fig. 2). They were also more likely
to have a history of haematological disease or malignancy.
A multivariable model including these covariates had
good discrimination for the development of AKD on in-
ternal validation (area under the receiver operating char-
acteristic curve 0.84) (online suppl. Fig. 3).

Major Adverse Kidney Events

Follow-up data were available for 36,118 patients. Of
these, a total of 6,549 patients (18%) had a MAKE during
follow-up, including 2,762 patients who (8%) had a
MAKE in the first year (online suppl. Table 3). Patients
who had AKD with AKI were more likely to develop a
MAKE than patients with AKD without AKI, AKI alone,
or NKD (Table 2; Fig. 1). Restricted mean survival time
analysis estimated that, compared to patients with NKD,
MAKE-free days in the first year were 66 fewer in patients
with AKD with AKI (p < 0.001), 55 fewer in patients with
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AKD without AKI (p < 0.001), and 20 fewer in patients
with AKT alone (p < 0.001) (online suppl. Table 4; online
suppl. Fig. 4). No first-order interactions between kidney
disease phenotype and other covariates were identified.
Proportional hazard assumptions were not violated (on-
line suppl. Fig. 5).

Chronic Kidney Disease

De novo CKD developed in 2,921 of 36,118 patients
(8%) during follow-up, including 1,413 patients (4%) by
12 months (Fig. 2). The risk of CKD was greater in pa-
tients with AKD and AKI or AKD without AKI than in
patients with AKI alone or NKD (Table 2; online suppl.
Fig. 6). Within the first year, CKD-free days were 51 few-
er in patients with AKD with AKI (p < 0.001), 40 fewer in
patients with AKD without AKI (p <0.001), and 12 fewer
in patients with AKI alone (p < 0.001) than in patients
with NKD (online suppl. Table 4). Cumulative incidence
function curves demonstrated that the first 3 months af-
ter hospital discharge were a particularly high-risk peri-
od: approximately half (n = 303, 48%) of all CKD diagno-
ses in patients with AKD (with or without AKI) occurred
within this time.

See/Polkinghorne/Toussaint/Bailey/
Johnson/Bellomo



Phenotype

AKI alone | —o— HR 1.52 (95% ClI 1.35-1.72, p < 0.001)

AKD with AKI —— HR 2.51 (95% Cl 2.16-2.91, p < 0.001)

AKD without AKI e HR 2.26 (95% Cl 1.89-2.70, p < 0.001)

Male | ! HR 1.21 (95% CI 1.12-1.31, p < 0.001)

Age (per decade) | o HR 1.45 (95% CI 1.40-1.50, p < 0.001)

Diabetes o HR 1.16 (95% CI 1.06-1.28, p = 0.001)

Hypertension - —e— HR 1.19 (95% Cl 1.06-1.33, p = 0.001)

Chronic heart failure —o—i HR 2.19 (95% ClI 1.92-2.49, p < 0.001)

Lung disease — —e— HR 1.25 (95% CI 1.11-1.42, p < 0.001)

Liver disease | —o— HR 2.23 (95% ClI 1.96-2.53, p < 0.001)

Malignancy —

Non-metastatic - —o— HR 2.25 (95% ClI 2.01-2.52, p < 0.001)

Metastatic | e HR 6.07 (95% Cl 5.47-6.75, p < 0.001)

(per 10 mL?fnslﬁ'/';‘%ef:g 1 o HR 0.75 (95% CI 0.72-0.78, p < 0.001)
: 2 4 6

Hazard ratio (log scale)

Fig. 1. Multivariable Cox regression analysis of the risk of MAKEs in 36,118 hospitalized adults with a baseline
eGFR >60 mL/min/1.73 m? and at least one eGFR measurement following discharge. MAKEs, major adverse
kidney events; eGFR, estimated glomerular filtration rate; AKD, acute kidney diseases and disorders; AKI, acute

kidney injury; HR, hazard ratio.

Kidney Failure

Kidney failure occurred in 42 of 36,118 patients (0.1%)
overall and in 12 of 36,118 patients (0.03%) in the first
year. The highest risk of kidney failure was seen in pa-
tients with AKD with AKI, followed by patients with
AKD without AKI, and patients with AKI alone (Table 2;
online suppl. Fig. 7). Multivariable analysis was not per-
formed due to the small number of outcome events.

Death

Of 36,118 patients, a total of 4,306 died (12%) during
follow-up, including 1,419 patients who died in the first
year (Fig. 2). The risk of death was similarly elevated in
patients with AKD with AKI, AKD without AKI, and AKI
alone, compared to patients with NKD (Table 2; online
suppl. Fig. 8). Compared to patients with NKD, survival
time in the first year was 16 days less in patients with AKD
with AKI, 15 days less in patients with AKD without AKI,
and 8 days less in patients with AKI alone (online suppl.
Table 4).

Epidemiology and Outcome of Acute
Kidney Disease

eGEFR Trajectory

In the 36,118 patients with available follow-up data,
the median eGFR at 12 months was 89 mL/min/1.73 m?
(IQR 75-102) in patients with NKD, 86 mL/min/1.73 m?
(IQR71-102) in patients with AKI alone, 72 mL/min/1.73
m? (IQR 55-91) in patients with AKD with AKI, and 70
mL/min/1.73 m? (IQR 54-86) in patients with AKD with-
out AKI (online suppl. Fig. 9). Compared to patients with
NKD, patients with AKD with AKI had the most signifi-
cant decline in eGFR, followed by AKD without AKI, and
AKT alone (online suppl. Fig. 10).

Hospital Readmission

In total, 2,961 of 36,118 patients (8%) were readmitted
to hospital within 30 days. This included 2,418 patients
with NKD (7%), 339 patients with AKI alone (13%), 127
patients with AKD with AKI (16%), and 77 patients with
AKD without AKI (16%). The odds of hospital readmis-
sion were higher in patients with AKD without AKI, AKD
with AKI, and AKI alone than in patients with NKD (on-
line suppl. Fig. 11).
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Fig. 2. Cumulative incidence of CKD (black, panel 1) and death (grey, panel 2) over the first year in 36,118 hos-
pitalized adults with a baseline eGFR =60 mL/min/1.73 m? and at least one eGFR measurement following dis-
charge. Results are stratified by phenotype: NKD, short dash; AKI alone, long dash; AKD with AKI, dash dot;
AKD without AKI, solid line. NKD, no kidney disease; AKD, acute kidney diseases and disorders; AKI, acute
kidney injury.
Sensitivity Analyses pears to offer incremental value when estimating progno-

There were no qualitative differences in our findings
when an alternative definition of CKD was used (25%
drop in eGFR from baseline sustained for 3 months) (on-
line suppl. Table 5; online suppl. Fig. 12) when the devel-
opment of a MAKE over the entire study period was ex-
amined (online suppl. Fig. 13), or when missing outcome
data were imputed (online suppl. Fig. 14).

Discussion/Conclusion

Key Findings

This large study of hospitalized adults with preserved
baseline kidney function demonstrates that AKD occurs
in 2% and AKI in 6% of individuals. AKD is more com-
mon in patients who are older and have more comorbid-
ities. Although patients with both AKD and AKI are an
especially vulnerable group, AKD outcomes remain poor
even in the absence of AKI. Accordingly, recognizing the
development of AKD, independent of AKI status, ap-
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sis. De novo CKD is the predominant driver of MAKEs
after AKD. Half of all CKD diagnoses in patients with
AKD and/or AKI occur within the first 3 months after
hospital discharge. These results fill a significant knowl-
edge gap in the AKD literature and highlight important
directions for future work.

Relationship to Previous Studies

A previous study by James et al. [17] found that non-
AKI AKD occurred in 3.8% of patients across hospital and
community settings. Although this figure is higher than in
our study, the authors did not exclude patients in whom
baseline eGFR was unknown. This may have resulted in
misclassification of CKD as AKD when an individual re-
corded an eGFR value <60 mL/min/1.73 m? for the first
time. Infrequent serum creatinine testing in the commu-
nity setting may also have biased their results. Nonetheless,
in keeping with the findings of the present study, James et
al. [17] reported that AKD without AKI was associated
with increased risks of CKD, kidney failure, and death.

See/Polkinghorne/Toussaint/Bailey/
Johnson/Bellomo



Other studies have focused on AKD with AKI in clini-
cally enriched populations and/or using non-consensus
definitions of exposure. Kellum et al. [9] studied critically
ill patients with stage 2 or 3 AKI and reported that 36% of
their cohort went on to develop AKD. Patients with AKD
had greater risks of death at 30, 90, and 365 days in their
unadjusted analyses. Studies in critically ill patients with
septic AKI estimated that AKD occurred in between 27
and 32% of patients, but was not associated with an in-
creased risk of death at up to 1 year compared to patients
with AKI alone [7, 13]. In cardiac populations, it has been
reported that as many as 48% of patients admitted to cor-
onary care, 47% of patients on extracorporeal membrane
oxygenation, and 11% of patients undergoing cardiac sur-
gery developed AKD [10, 12, 15]. Similar to our results,
these studies found that survival between 90 days and 5
years in patients with AKD was significantly worse com-
pared to those with NKD, as was eGFR at 2 years.

Implications of Study Findings

Our findings expand on knowledge from existing
studies by providing the first robust estimate of the over-
all burden of AKD in hospitalized patients in a tertiary
health service. Understanding the epidemiology of AKD
is vital to informing clinical practice and guiding alloca-
tion of healthcare resources. AKD is not preceded by AKI
in 1 in 3 patients and clinicians should be aware that these
patients will not be detected by existing electronic alert
algorithms for AKI. Conversely, 20% of patients with AKI
will transition to AKD, and this represents a particularly
high-risk group of patients who may benefit from target-
ed interventions to reduce their risk of MAKEs. In the
absence of specific interventions for AKD, consideration
should be given to extending clinical care bundles de-
signed for patients with AKI. Regardless of intervention,
patients with AKD should be followed closely for the first
3-12 months to monitor for and possibly prevent the de-
velopment of de novo CKD.

Strengths and Limitations

This is the first study to report and compare the long-
term outcomes of hospitalized patients with preserved
baseline kidney function who develop AKD, with or with-
out AKI. Its strengths lie in its large sample size, represen-
tative cohort, and novelty. It fills an important knowledge
gap in the literature by providing insight into the inci-
dence and long-term outcomes of patients with AKD us-
ing consensus definitions.

However, this study has several important limitations,
and sources of selection bias and ascertainment bias could

Epidemiology and Outcome of Acute
Kidney Disease

not be entirely excluded. Exclusion of patients lost to fol-
low-up (i.e., those who did not undergo any post-dis-
charge serum creatinine testing) may have introduced se-
lection bias and led to an overestimation of the risk of
MAKE:s after AKD because these patients may have been
at lower risk of an adverse outcome. Missing data arising
from the use of non-hospital-based pathology services or
other hospitals could have introduced ascertainment bias
and led to an underestimation of the risk of CKD (and
MAKEs) after AKD. The external validity of our findings
is uncertain because the data from our single centre may
not be generalizable to all health services. The limitations
of using filtration markers, such as creatinine, to diagnose
and assess recovery from acute and subacute kidney dam-
age are well recognized. Although preliminary work as-
sessing the utility of biomarkers to predict AKD is under-
way, these alternative measures of kidney function re-
quire further validation in this setting prior to clinical use
(11, 15].

Conclusions

AKD is a common consequence of acute illness in hos-
pitalized adults and is associated with adverse long-term
outcomes. The future risk attributable to AKD is evident
regardless of AKI status; its recognition as an indepen-
dent clinical entity appears to offer an incremental value.
Importantly, the occurrence of adverse outcomes after
AKD may not be predetermined and the period immedi-
ately following injury may mark an opportunity for clini-
cians to mitigate further harm and optimize the chance of
recovery. Future research should seek to refine our un-
derstanding of AKD risk factors, epidemiology, and out-
comes across heterogeneous clinical settings.
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