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Abstract

Background In older adults, epidemiological data on incidence rates (IR) of hospital-acquired acute kidney injury
(AKI) are scarce. Also, little is known about trajectories of kidney function before hospitalization with AKI.

Methods We used data from biennial face-to-face study visits from the prospective Berlin Initiative Study (BIS)
including community-dwelling participants aged 70+ with repeat estimated glomerular filtration rate (eGFR) based
on serum creatinine and cystatin C. Primary outcome was first incident of hospital-acquired AKl assessed through
linked insurance claims data. In a nested case-control study, kidney function decline prior to hospitalization with and
without AKI was investigated using eGFR trajectories estimated with mixed-effects models adjusted for traditional
cardiovascular comorbidities.

Results Out of 2020 study participants (52.9% women; mean age 80.4 years) without prior AKI, 383 developed a first
incident AKI, 1518 were hospitalized without AKI, and 119 were never hospitalized during a median follow-up of 8.8
years. IR per 1000 person years for hospital-acquired AKl was 26.8 (95% confidence interval (Cl): 24.1-29.6); higher

for men than women (33.9 (29.5-38.7) vs. 21.2 (18.1-24.6)). IR (Cl) were lowest for persons aged 70-75 (13.1; 10.0-
16.8) and highest for > 90 years (54.6; 40.0-72.9). eGFR trajectories declined more steeply in men and women with
AKI compared to men and women without AKl years before hospitalization. These differences in eGFR trajectories
remained after adjustment for traditional comorbidities.

Conclusion AKlis a frequent in-hospital complication in individuals aged 70+ showing a striking increase of IR
with age. eGFR decline was steeper in elderly patients with AKI compared to elderly patients without AKI years prior
to hospitalization emphasising the need for long-term kidney function monitoring pre-admission to improve risk
stratification.
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Background

Acute kidney injury (AKI) is a common in-hospital com-
plication. In the general population, the reported inci-
dence of hospital-acquired AKI varies between seven and
18% depending on the burden of disease and age of the
studied population [1]. Results from a large multicenter
cross-sectional study show that AKI occurred in more
than half of patients on intensive care unit [2]. There is
strong evidence that AKI is associated with increased
risk of cardiovascular (CV) events and death, prolonged
hospitalization, progression of chronic kidney disease
(CKD) [3] and end-stage kidney disease all of which
result in a large societal burden [4—7]. AKI also imposes
a financial burden for health insurances and health care
systems due to longer hospitalizations, increased utili-
zation of intensive care and kidney replacement therapy
[8, 9]. The incidence of AKI is particularly high in older
adults representing a common complication among hos-
pitalized patient. Thus epidemiologic data assessed in a
community-dwelling older population are indispensable
to gain a better understanding of AKI risk and to reduce
the AKI burden in geriatric inpatients.

When investigating kidney function decline in the con-
text of AKI most studies model kidney function trajec-
tories after patients developed in-hospital AKI to show
recovery or worsening [10, 11]. However, little is known
about kidney function decline in older patients before
hospitalization with AKI. Trajectories of estimated glo-
merular filtration rate (eGFR) have been acknowledged
as a more valid and informative measure of kidney func-
tion compared to single estimates [12]. Also, changes of
eGFR over time have been evaluated as a surrogate end
point for progression of CKD [13]. Characterizing long-
term changes in eGFR prior to hospitalization could
improve risk stratification for identifying older patients
most at risk for developing AKI.

Using longitudinal data from the population-based
Berlin Initiative Study (BIS) we investigate first incidence
of hospital-acquired AKI with a particular focus on old
and very old adults (stratified by age, sex and pre-exist-
ing comorbidities). We hypothesize that patients aged 70
years and older with AKI have a steeper decline of eGFR
already prior to hospitalization compared to patients
aged 70+hospitalized without AKI independent of tradi-
tional CV comorbidities.

Materials and methods

Study population and data collection

The Berlin Initiative Study (BIS) is a community-dwell-
ing cohort study of 2069 adults aged 70+years in Ber-
lin, Germany. A detailed description of the BIS can be
found elsewhere [14, 15]. In brief, all participants are
members of one of the largest German statutory health
insurance (AOK Nordost — Die Gesundheitskasse).
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For detailed in- and exclusion criteria see Supplemen-
tal Methods. Enrolment (baseline visit) took place from
November 2009 to June 2011. After baseline, four follow
up visits were conducted biennially and the dataset was
closed on November 30, 2019. Study visits included stan-
dardized face-to-face interviews assessing demograph-
ics, lifestyle variables, medications and comorbidities.
Anthropometric variables were measured and blood and
urine samples were collected. At all study visits kidney
function was assessed with serum creatinine using an
isotope-dilution mass spectrometry-traceable enzymatic
method and cystatin C measured with standardized par-
ticle-enhanced nephelometry [15]. The clinical informa-
tion obtained during interviews was linked to insurance
claims data from the AOK Nordost. In addition, claims
data were available retrospectively 3—4 years prior to
study start. The study was approved by the ethics com-
mittee of the Charité University Hospital Berlin, Ger-
many (EA2/009/08). The BIS adheres to the Declaration
of Helsinki and rules of “Good Scientific Practice” All
study participants gave written informed consent.

Exclusion criteria

Participants were excluded if their insurance status
was invalid or if a prior diagnosis of AKI defined with
the ICD-10 code N17.xx was present in the claims data
within three years before study entry.

Outcome variables

We assessed first incident hospital-aquired AKI in a pop-
ulation of community-dwelling older adults. The analysis
was restricted to in-hospital AKI defined based on insur-
ance claims data (ICD-10: N17.xx), excluding patients
who were admitted to hospital with the diagnosis of AKI.
Since the exact date of AKI was not available we defined
the day of hospital admission as event date. Study cohort
members were followed from study cohort entry until
30.11.2019 (dataset closure) or death, whatever occurred
first.

Secondly, we restricted the analysis to patients with
hospitalizations and modeled eGFR trajectories based on
multiple eGFR measurements assessed during the bien-
nial study visits. We chose a nested case-control design
to identify two groups of study participants: those who
were hospitalized and developed AKI (cases) and those
hospitalized without AKI (controls). For modelling eGFR
trajectories we included all eGFR estimates assessed
during the study visits before hospital admission. The
focus of this analysis was to compare eGFR trajecto-
ries prior to hospitalization with or without AKI event.
Thus the anchor for the analysis was the hospitalization
event. GFR trajectories were modeled based on date of
eGFR measurement. eGFR was calculated with the BIS2
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equation [15]. Covariates were selected into the model
based on knowledge and published data [16].

Covariates for modelling eGFR trajectories

All covariates were included as time-dependent for eGFR
trajectories: age, UACR, CRP, diabetes mellitus, arterial
hypertension, smoking, polymedication, body mass index
(BMI), and number of prior hospitalizations, blood pres-
sure; they were included at baseline and reassessed at
each study visit.

The following covariates were defined as “chronic dis-
ease” based on data assessed at study inclusion and new
incident cases were included during follow-up (self-
reported or ICD-10 based) until dataset closure or death:
peripheral artery disease (PAD), congestive heart fail-
ure (CHF), atrial fibrillation (AF), prior stroke and prior
myocardial infarction (MI). Further covariate definitions
are described in the Supplemental Methods (covariates).

Verification of ICD-10-based AKI diagnosis using a chart
review

To verify the validity of the ICD-10-based AKI diagno-
sis we performed a chart review including all participants
with the N17.xx diagnosis in the claims data during the
observation period. At each study visit, participants were
asked to provide their hospital reports including labora-
tory results. Thus, based on the information available,
hospital reports were singled-out and all information
on AKI diagnosis and lab results during hospitalization
was collected to verify the claims-data based diagnosis of
AKI (increase in serum creatinine of 20.3 mg/dl within
48 h during hospitalization). For the verification pro-
cess of claims data-based AKI definition we also used
data from recurrent AKIs. This is in contrast to the main
study where recurrent AKIs were not included into the
analysis.

Statistical analysis

Descriptive analysis includes means with standard devia-
tion (SD) or medians with interquartile range (IQR) for
continuous variables, and absolute frequencies with per-
centages for categorical variables. Incidence rates (IR)
of first incident hospital-acquired AKI were calculated
per 1000 person years, with 95% confidence intervals
(CI) assuming that the observed number of cases fol-
lows a Poisson distribution. IR were described by sex,
age stratum and pre-existing traditional comorbidities at
baseline.

In a nested case-control study we compared eGFR tra-
jectories in patients with AKI during the years before
hospitalization with eGFR trajectories in patients with-
out AKI. To identify cases (patients hospitalized with
AKI) and controls (patients hospitalized without AKI)
we performed a matched-pair analysis and chose age at
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the study visit preceding hospitalization (continuous),
sex (male/female) and months between the study visit
preceding hospitalization and day of admission (maxi-
mum difference between matched pairs: three months)
as matching criteria. For the AKI group we used the first
hospitalizations with AKI as an “anchor’, while for the
controls the hospitalization with the optimal match with
regard to matching criteria was chosen, which was not
necessarily the first hospitalization. Thus, we selected two
equally large groups of patients with and without AKI to
model eGFR trajectories prior to hospital admission.

eGFR trajectories were calculated using linear mixed-
effects models with clustering of subjects for longitudi-
nal data (random intercept model), based on repeat eGFR
values of biennial study visits. This approach allows to
include patients with single eGFR values with the aim
to reduce selection bias under the missing-at-random
assumption [17, 18]. eGFR trajectories were modeled
based on the date of each eGFR measurement. We con-
sidered time, AKI, and the interaction of time and AKI
as covariates of interest and included a priori selected
covariates (see description below). Due to expected sex-
specific differences we estimated the models for males
and females separately [16]. Age was included both as
linear and quadratic term and was centered for model-
ling; time was modeled as a natural cubic spline with 3
degrees of freedom. We calculated the eGEFR trajectories
using three models: one including age as the only vari-
able, a second model with age, log-transformed UACR
(continuous), diabetes mellitus, arterial hypertension,
CHE, PAD, M, stroke, and AF, and a final model, where
in addition to the second model we included BMI, smok-
ing, polymedication (=5 medication), number of prior
hospitalizations, and log-transformed CRP (continu-
ous). Medications were not included as they were con-
sidered parts of the causal pathway. We modeled eGFR
trajectories for graphical illustration using all eGFR val-
ues of study participants based on averaged prevalence
of the respective comorbidities, consequently all cat-
egorical variables (0=no; 1=yes) were included as con-
tinuous variables into the models (i.e. a prevalence of
25% resulted in a value of 0.25). We accounted for miss-
ing data by using multiple imputation by chained equa-
tion [19]. All covariates of the models were included to
generate ten imputed datasets. We used predictive mean
matching for continuous variables [20]. eGFR values can
be missing due to omitted visits or refusal/mispuncture
during blood sampling.

All analyses were carried out using IBM SPSS Statistics
version 26 and 27, and R version 3.6.1 applying packages
mice, Ime4, splines, ggeffects, epitools (function pois.
exact) and forestplot and reporting of results was per-
formed according to the Strengthening the Reporting of
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Observational Studies in Epidemiology (STROBE) state-
ment (Supplement).

Results

Baseline characteristics of hospitalized individuals

Out of 2069 participants of the BIS, 12 individuals were
excluded due to an invalid health insurance status dur-
ing follow-up and 37 individuals due to a documented
AKI diagnosis prior to study inclusion resulting in a final
study sample of 2020 individuals (Figure S1). During a
median observation time (IQR) of 8.8 (5.9-9.3) years, 383
individuals developed a first incident hospital-acquired
AKI, 1518 were hospitalized without AKI, and 119 were
never hospitalized. Table 1 shows the baseline character-
istics of hospitalized individuals (n=1901) for those with
and without AKI at cohort entry.

At cohort entry, individuals with subsequent hospital-
acquired AKI were older (mean age: 82.2 vs. 80.1 years),
less likely to be female (44.4% vs. 54.9%), more likely to be
a past or current smoker (55.9% vs. 47.6%), to be physi-
cally inactive (32.4% vs. 23.8%), to have a BMI of >30
(32.6% vs. 25.1%), and to be anemic (24.5% vs. 15.6%)
compared to those without AKI. Regarding kidney mea-
sures, individuals with AKI had higher mean serum
creatinine and cystatin C levels (1.2 vs. 1.0 mg/dl and
1.3 vs. 1.1 mg/l, respectively), resulting in a lower mean
eGFRgs, (50.5 vs. 59.8 ml/min/1.73 m?), and had a higher
prevalence of UACR>30 mg/g (39.4% vs. 22.1%). Comor-
bidities such as diabetes mellitus (36.0% vs. 23.8%), CHF
(35.5% vs. 24.0%), AF (22.2% vs. 13.2%), and MI (24.0%
vs. 12.8%) were more prevalent in individuals with AKI
(Table 1). Baseline characteristics of all 2020 study par-
ticipants (52.9% women; mean age 80.4 years) show that
those who were never hospitalized were younger and
overall healthier (Table S1). The total IR per 1000 per-
son years (CI) for first incident AKI was 26.8 (24.1-29.6),
higher in men than women (33.9 (29.5-38.7) vs. 21.2
(18.1-24.6)). IR were calculated stratified by age showing
the lowest IR in the age category 70-75 years with 13.1
(10.0-16.8) and highest IR in the age category of 290 with
54.6 (40.0-72.9) (Fig. 1). When comparing IR of AKI in
patients with vs. without CV comorbidities we found sig-
nificantly higher rates in individuals with diabetes melli-
tus, arterial hypertension, PAD, reduced kidney function,
AF, and CHF (Fig. 2). 29 out of 383 (7.6%) individuals
with hospital-acquired AKI required dialysis during the
hospitalization (data not shown).

Verification of ICD-10-based AKI diagnosis using a chart
review

In 244 out of 569 documented AKI events (43%) hospi-
tal reports were available and reviewed for documented
N17.xx diagnosis, which could be confirmed in all 244
cases. In 136 of 244 AKI cases (56%) hospital reports

Page 4 of 10

included also laboratory test results. According to the
latest KDIGO (Kidney Disease Improving Global Out-
comes) guidelines the diagnostic criteria for AKI was
based on an increase of serum creatinine level of at least
0.3 mg/dl within 48 h [21]. In all 136 cases (24%) with
hospital-acquired AKI the diagnosis could be validated
with the available laboratory results (Figure S2).

eGFR trajectories comparing individuals hospitalized with
and without AKI
We selected 726 individuals (404 men and 322 women)
in a nested case-control study using a matched pairs
approach to compare eGFR trajectories from cohort
entry until admission to hospital with and without AKL
In the selected sample, mean age was higher (85.1 vs.
80.5 years), less women were included (44.4 vs. 52.6%)
and mean eGFR was lower (48.1 vs. 57.9 ml/min/1.73 m?)
compared to the 2020 study participants (Tables 1 and 2).
eGFR trajectories were modeled using all eGFR values
assessed during biennial study visits. Of 1867 available
visits, 29 eGFR values (1.6%) were missing leaving 1838
eGFR measurements (median (IQR): 2 [1-4] per patient)
over a median observation time of 4.4 years. In 26 out of
the 726 subjects, at least one eGFR measurement (3.6%)
was missing. For 28.8% of participants one eGFR value,
for 22.6% two, for 22.2% three, for 19.6% four and for
6.9% five eGER values were available.

Based on individual mean eGFR values, eGFR trajec-
tories were modeled represented by the spaghetti plot-
tableaus of individual raw data as well as the average
eGFR trajectory for men and women (Fig. 3). The eGFR
trajectories of men and women who developed hospital-
acquired AKI showed a steeper decline prior to hospital-
ization compared to those without AKI. In the adjusted
model, mean modeled eGFR in men with AKI was 4.2
and in women with AKI 7.4 ml/min/1.73 m? lower com-
pared to their respective controls five years prior to hos-
pitalization (Table S2). This difference increased to 7.5
in men and 10.2 ml/min/1.73 m® in women, modeled at
1 week prior to hospitalization. More details of model-
based estimators of mean eGFR prior to hospitalization
are shown in Table S2. We found similar results for the
two models where only age or a lot more variables were
included (Table S3, Figure S3A. and B.) and when using
single biomarker creatinine or cystatin C-based eGFR
(Figure S4A. and B.).

Discussion

In our study of community-dwelling adults aged 70+we
found that 19% developed a first incident AKI over a
median follow-up time of 8.8 years confirming that AKI
is a very common in-hospital complication at old age [11,
22, 23]. In men, the IR of AKI was considerably higher
compared to women. Age-stratified analysis revealed
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Table 1 Baseline characteristics of all hospitalized study participants stratified by AKI status
Total With AKI Without AKI
n=1901 n=383(20%) n=1518
(10%) (80%)

Age, years (mean, + SD) 80.5+6.6 822+63 80.1+6.6
70-74 497 (26.1) 61(15.9) 436 (28.7)
75-79 447 (23.5) 78 (20.4) 369 (24.3)
80-84 403 (21.2) 103 (26.9) 300 (19.8)
85-89 364 (19.2) 95 (24.8) 269 (17.7)
>90 190 (10.0) 46 (12.0) 144 (9.5)

Female 1004 (52.8) 170 (44.4) 834 (54.9)

Number of medications 49+30 6.1+3.1 46+29

Smoking
never 962 (50.6) 169 (44.1) 793 (52.2)
past 836 (44.0) 194 (50.7) 642 (42.3)
current 101 (5.3) 20(5.2) 81 (5.3)

Physical activity (> 30 min)
< 1x /week 486 (25.6) 124 (32.4) 362 (23.8)
1-5x /week 880 (46.3) 157 (41.0) 723 (47.6)
> 5x /week 530(27.9) 100 (26.1) 430 (28.3)

Systolic blood pressure, mmHg 14544219 1464+224 1452+21.8

Diastolic blood pressure, mmHg 81.3+13.1 80.1+134 81.6+13.0

BMI, kg/m2 27.7+42 284+45 276+4.2

BMI< 30, kg/m2 1394 (73.3) 257 (67.1) 1137 (74.9)

BMI>30, kg/m? 506 (26.6) 125 (32.6) 381 (25.1)

Creatinine, mg/dl 1.0+£03 12+04 1.0+03

Cystatin C, mg/I 1.2+04 1.3+£04 1.1+£03

Albumin, g/l 39.9+3.1 395431 400+3.0

CRP. mg/I 1.810.9; 3.6] 241[1.2;4.8] 1.710.9; 3.3]

HbA1c, % 6.1[5.8;6.4] 6.2 [5.8;6.5] 6.0 [5.8;6.4]

Urea, mg/d| 41.7[34.5;51.7] 47.2[388;94] 404[33.9;49.6]

eGFRBIS2, ml/min/1.73 m? 5794151 505+144 5908+ 146

eGFRBIS2 =60 ml/min/1.73 m? 878 (46.2) 95 (24.8) 783 (51.6)

eGFRBIS2 <60 ml/min/1.73 m’ 1022 (53.8) 288 (75.2) 734 (48.4)

UACR, mg/g 11.1[46;306] 176[66;716] 9.6[43;27.0]

UACR<30 mg/g 1398 (73.5) 229 (59.8) 1169 (77.0)

UACR=30mg/g 487 (25.6) 51(39.4) 336 (22.1)

Diabetes mellitus 500 (26.3) 138 (36.0) 362 (23.8)

Arterial hypertension 1520 (80.0) 342 (89.3) 1178 (77.6)

Congestive heart failure 501 (26.4) 136 (35.5) 365 (24.0)

Atrial fibrillation 286 (15.4) 85(22.2) 201 (13.2)

Peripheral artery disease 9 (6.3) 39(10.2) 80 (5.3)

Stroke 209 (11.0) 55(14.4) 154 (10.1)

Myocardial infarction 287 (15.1) 92 (24.0) 195 (12.8)

Anemia?, n (%) 331(174) 94 (24.5) 237 (15.6)

Cancer 524 (27.6) 112(29.2) 2(27.1)

Legend: Values for continuous variables given as meanztstandard deviation, or median [interquartile range]; for categorical variables, as number (percentage).

2Anemia: haemoglobin in men< 13 g/dl and in women <12 mg/d|. Missing values for anthropometric or laboratory values do not exceed 3%

Abbreviations: BIS, Berlin Initiative Study; eGFR, estimated glomerular filtration rate by creatinine- and cystatin C-based BIS2 equation; BMI, body mass index; CRP,
C-reactive protein; UACR, urinary albumin-creatinine ratio; HbA1c, glycosylated haemoglobin type A1C.

a steeply increasing IR with age reaching as high as
54.6/1000 py in nonagenarians. The BIS population is
comparable with the older German general population in
terms of important morbidities [24, 25]. Cardiovascular
comorbidities had an important impact as the IR of AKI

was more than twice as high in patients with pre-exist-
ing PAD, AF, reduced KF and CHF compared to those
without the comorbidity. Applying a nested case-control
design we found an increased rate of mean eGFR decline
in patients before hospitalization with AKI compared to
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Persons AKI  Person years IR (95% CI)
Total 2020 383 14316 26.8 24.1-29.6 >
Gender
Male 952 213 6292 339 295-387 =
Female 1068 170 8024 212 18.1-246 -
Age in years
70-74 557 61 4667 131  10.0-16.8 -
75-79 470 78 3732 209 16.5-26.1 —&—
80-84 421 103 2854 361 29.5-438 ——
85-89 375 95 2222 428 346-523 ——
>=90 197 46 842 546 40.0-729 ——
T T T 1
20 40 60 80

Fig. 1 Age and sex stratified incidence rate (per 1000 person years) of AKl in the study population

(95% CI)

IR per 1000 Person years

Persons
2020

AK| Person years
383 1431

Total 6 26.8 24.1-29.6 -

Diabetes mellitus

yes 522 138 3511 393 33.0-464 —

no 1494 245 10776 227 20.0-258 =

Arterial hypertension

yes 1595 342 11000 31.1 27.9-346 —=—

no 419 40 3266 123 8.7-16.7 =

Peripheral artery disease

yes 122 39 709 550 39.1-752 -_—

no 1886 340 13534 251 225-279 -

Reduced kidney function

yes 1063 288 6652 433 38.4-486 —

no 956 95 7655 124 10.0-15.2

Atrial fibrillation

yes 293 85 1707 498 39.8-616 —

no 1727 298 12609 236 21.0-265 -

Congestive heart failure

yes 515 136 3246 419 35.2-496 ——

no 1505 247 11070 223 196-253 f I— — r . y
0 20 40 60 80

IR per 1000 Person years

Fig. 2 Incidence rates (per 1000 person years) stratified by pre-existing comorbidities
*Missing values: 6 values were missing for arterial hypertension, 12 values were missing for peripheral artery disease

the non-AKI controls. The steeper decline of mean eGFR
relative to the non-AKI group could be detected approxi-
mately five years prior to hospitalization. During the
observation period 83% of study participants were hos-
pitalized resulting in a very high number of older patients
potentially at risk of developing hospital-acquired AKI.

Our IR are in line with findings from Hsu et al. who
investigated IR of AKI in members of an integrated US
health care delivery system (Kaiser Permanente) [26].
Overall IR of AKI was 18.1 and 35.45/1000 py among
non-dialysis patients aged 70-79 and >80 years, respec-
tively, comparable to our results. However, the very
high IR of 54.6/1000 py we found in nonagenarians was
striking and may indicate that the AKI risk accelerates
quite dramatically with increasing age. Of note, the US
analysis did not exclusively investigate hospital-acquired
AKI but included all registered AKI cases. A Chinese
study investigating in-hospital AKI in patients aged =60
reported rates as high as 27.8% for community and hos-
pital-acquired AKI [23]. Since only hospitalized elderly
patients were included, the authors did not report the IR
of AKI for the general population.

Our findings suggest that hospital-acquired AKI risk
in older adults is even higher than previously reported.

The steep increase of IR by age may be explained by the
fact that CV comorbidities are more prevalent in old
age further aggravating AKI risk [27]. The fact that the
IR of AKI is particularly high in patients with PAD, AF,
reduced KF and CHF also suggests a strong cardio renal
axis as underlying pathophysiological explanation for an
increased susceptibility of AKI at old age [24]. Addition-
ally, we know that GFR decreases with age [28, 29] conse-
quently leading to an increasing risk of AKIL

In contrast to the claims data-based study from the US,
participants of the BIS were seen biennially with repeti-
tively assessed kidney function and albuminuria. We
found that individuals who developed AKI had a base-
line eGFR that was on average 9 ml/min/1.73 m® lower
compared to the non-AKI group. Prevalence of albumin-
uria was nearly twice as high in the AKI compared to
the non-AKI group highlighting the importance of kid-
ney function and proteinuria monitoring pre-admission
and confirming proteinuria as an important risk factor
for AKI [30, 31] in old age. Medical treatment of com-
mon comorbidities further contributes to the AKI risk by
potentially nephrotoxic effects of prescribed drugs.

We used a mixed-effects model to investigate dif-
ferences of pre-admission eGFR trajectories based on
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Table 2 Characteristics of individuals included in nested case-control study (n=726) at study visit preceding the hospitalization

Total With AKI Without AKI
(n=726) (n=363) (n=363)
Age, years* 85.1+6.5 85.2+6.5 85.1+64
70-74 53(7.3) 24 (6.6) 9(8.0)
75-79 115 (15.8) 60 (16.5) 5(15.2)
80-84 85 (25.5) 91 (25.1) 94 (25.9)
85-89 88 (25.9) 96 (26.4) 92 (25.3)
>90 85(25.5) 92 (25.3) 93 (25.6)
Female* 322 (44.4) 161 (44.4) 161 (44.4)
Time between study visit* and hospitalization (months)* 3.0[14;48] 34[1.6;54] 26(1.2;4.2]
Length of hospitalization (days) 9[5;21] 1417, 27] 6(3;13]
Number of prior hospitalizations 3[1;6] 412: 8] 3[1;5]
Number of medications 60+33 6.7+32 52431
Smoking
never 338 (46.6) 158 (43.5) 180 (49.6)
past 348 (47.9) 182 (50.1) 166 (45.7)
current 36 (5.0) 22 (6.1) 14 (3.9)
Physical activity (>30 min)
< 1x /week 349 (48.1) 195 (53.7) 154 (424)
1-5x /week 259 (35.7) 117 (32.2) 142 (39.1)
> 5x /week 113 (15.6) 49 (13.5) 64 (17.6)
Systolic blood pressure, mmHg 14144227 14124233 14154222
Diastolic blood pressure, mmHg 785+134 778+139 793+129
BMI, kg/m2 272146 27.7+48 266+43
BMI< 30, l<g/m2 538 (74.1) 252 (69.4) 286 (78.8)
BMI =30, kg/m? 171 (23.6) 101 (27.8) 70(19.3)
Creatinine, mg/d| 12+04 13+£05 1.0£(03
Cystatin C, mg/I 14+05 16+£06 13+£04
Albumin, g/I 392+36 39.0+34 394+38
CRP. mg/I 2.11[1.0;44] 2.5[1.2;5.6] 1.810.9; 3.6]
HbA1c, % 6.0 [5.7;6.4] 6.0[5.7;6.5] 6.0[5.7,6.3]
Urea, mg/dl 464 [36.6;59.7] 524[39.8;66.0] 43.0[35.0;52.9]
eGFRBIS2, ml/min/1.73 m? 4811147 43.0+£14.0 5324137
eGFRBIS2 =60 ml/min/1.73 m? 148 (20.4) 42(11.6) 106 (29.2)
eGFRBIS2 <60 ml/min/1.73 m? 558 (76.9) 310 (85.4) 248 (68.3)
UACR, mg/g 20.01[6.8;55.0] 269[9.0;87.1] 13.8[54;39.0]
UACR<30 mg/g 425 (58.5) 184 (50.7) 241 (66.4)
UACR=30mg/g 266 (36.6) 158 (43.5) 108 (29.8)
Diabetes mellitus 206 (28.4) 31(36.1) 75 (20.7)
Arterial hypertension 621 (85.5) 327(90.1) 293 (80.7)
Congestive heart failure 247 (34.0) 157 (43.3) 90 (24.8)
Atrial fibrillation 243 (33.5) 140 (38.6) 103 (28.4)
Peripheral artery disease 64 (8.8) 44 (12.1) 20 (5.5)
Stroke 138 (19.0) 76 (20.9) 2(17.1)
Myocardial infarction 199 (27.4) 118(32.5) 81(223)
Anemiab’ n (%) 211(29.1) 117(32.2) 94 (25.9)
Cancer 197 (27.1) 107 (29.5) 0 (24.8)

Legend: Matched-pair analysis was performed to identify cases (with AKI) and controls (without AKI) using the criteria marked with *: age at the study visit preceding
hospitalization, sex, months between study visit preceding hospitalization and day of admission)

Values for continuous variables given as mean+standard deviation or median [interquartile range]; for categorical variables, as number (percentage). *Median
study visit of data assessment was 1st follow-up visit (interquartile range: 0 (baseline) to 2"d follow up visit) for total, AKI and non-AKI group, respectively. "Anemia:
haemoglobin in men<13 g/dl and in women < 12 mg/dl. Missing values for anthropometric or laboratory values do not exceed 5%

Abbreviations: BIS, Berlin Initiative Study; eGFR, estimated glomerular filtration rate by creatinine- and cystatin C-based BIS2 equation; BMI, body mass index; CRP,
C-reactive protein; UACR, urinary albumin-creatinine ratio; HbA1c, glycosylated haemoglobin type A1C.
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Fig. 3 eGFR trajectories of individuals with AKI (green) and without AKI (red) for men and women calculated with a linear mixed-model in a nested case-
control study

eGFR trajectories were estimated with a mixed-effect model based on pooled results of multiple imputed data with 95% confidence intervals (grey area)
for men with (n=202) and without (n=202) AKI and women with (n=161) and without (n=161) AKI .The x-axis shows the time (years) from inclusion
into the study until hospitalization with or without AKI. To compare eGFR trajectories of individuals before hospitalization with AKI (cases) and without AKI
(controls) we performed a nested case-control study with age at admission, sex, and length between study visit and hospitalization as matching criteria.
The following variables were included in the model: age, log-transformed UACR (continuous), diabetes mellitus, arterial hypertension, congestive heart
failure, peripheral artery disease, myocardial infarction, stroke, atrial fibrillation, BMI, smoking, polymedication (=5 medication), number of prior hospital-
izations, and log-transformed CRP (continuous)

eGFR_BIS2: estimated glomerular filtration rate based on the creatinine and cystatin C-based BIS2 Eq. (15). BIS, Berlin Initiative Study. Cl, confidence inter-

val. AKl acute kidney injury. BMI, body mass index

multiple standardized creatinine and cystatin C measure-
ments in patients with and without AKI. In contrast to
our approach, the majority of studies investigating kid-
ney function decline in the context of AKI focuses on
worsening or recovery of eGFR post AKI [32-34]. Oth-
ers included patient populations considerably sicker than
ours investigating eGFR decline post-AKI leading up to
initiation of dialysis [16, 35, 36]. In contrast to our pro-
spective study approach, other studies calculated eGFR
slope differences before and after AKI based on patient
databases that include laboratory data and patients’ char-
acteristics retrospectively, missing information for time-
dependent confounder adjustment [37, 38]. This Danish
study based on laboratory data found a drop in eGFR
level and a declining eGFR slope following first-time AKI
compared to the period before AKI [38].

Our findings suggest that long-term monitoring of
kidney measures from medical records could improve
identification of individuals at increased risk for AKI
before hospital admission. Recent advances in digitaliza-
tion of healthcare information such as electronic patient
charts linked to laboratory data may take on a key role
by providing immediate resumés of a patient’s health data
including kidney function change over time. eGER tra-
jectories could complement automated pre-hospital risk

assessment tools such as computer-based “AKI alerts”
that have been established for detecting patients at risk
for AKI to improve standards of care and proactively
target patients at increased risk for adverse outcomes
or death [39, 40]. Strategies for continuous prediction
of future AKI based on deep learning approaches using
electronic health record datasets [41] may increase their
clinical utility by including personalized data on eGFR
trajectories. However, further research including risk
prediction models is necessary to evaluate whether eGFR
trajectories may improve risk stratification to prevent
AKI in older adults and how this information could be
provided to healthcare professionals in an automated and
comprehensible form.

The strengths of our study are its prospective design,
a population-based setting, complementary individual
insurance claims data and a fairly large cohort of old and
very old adults with repeat eGFR values over more than
eight years filling the data gap of IR of AKI and eGEFR tra-
jectories before hospitalization in a vulnerable popula-
tion. In addition, eGFR values were measured including
the endogenous biomarker cystatin C that may be more
adequate in old age compared to creatinine, which is
known to be confounded by sarcopenia [42].
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Our study has also limitations. First, the AKI diagno-
sis was based on ICD-10 codes without information on
AKI severity. However, we performed an extensive medi-
cal chart review of available hospital discharge reports to
verify the AKI definition and were able to confirm all AKI
cases for which we had medical charts. In 56% of medi-
cal reports we had access to laboratory results that recon-
firmed the AKI diagnosis with serum creatinine values
increasing our confidence in the validity of the claims
data-based definition of hospital-acquired AKI. Second,
as we used claims data on hospitalization with and with-
out AKI we were missing information on physical status,
laboratory results and urine output on admission and
during the course of the AKI episode. Not surprisingly, in
the nested case-control study median time of hospitaliza-
tion was less than half in the non-AKI compared to the
AKI group most probably due to a higher IR of in-hospi-
tal complications in patients with AKI. Finally, we chose
a nested case-control approach selecting patients hospi-
talized with AKI and compared them to patients without
AKI potentially loosing information by excluding individ-
uals who did not fulfil the matching criteria. However, for
only 20 cases we could not identify matching partners,
therefore we estimate the loss of information as small.

Conclusion

In conclusion, we found that AKI is a frequent in-hos-
pital complication in individuals aged 70+showing a
strikingly rising IR with age. Compared to older patients
hospitalized without AKI, older patients with AKI show
a steeper eGFR decline already years prior to hospitaliza-
tion independent of CV comorbidities. Hence, kidney
function trajectories may improve risk stratification of
older patients pre-admission.
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