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Abstract

Background Research regarding COVID-19 and acute kidney injury (AKI) in older adults is scarce. We evaluated risk fac-
tors and outcomes of AKI in hospitalized older adults with and without COVID-19.

Methods Observational study of patients admitted to two geriatric clinics in Stockholm from March 1st to June 15th, 2020.
The difference in incidence, risk factors and adverse outcomes for AKI between patients with or without COVID-19 were
examined. Odds ratios (OR) for the risk of AKI and in-hospital death were obtained from logistic regression.

Results Three hundred-sixteen older patients were hospitalized for COVID-19 and 876 patients for non-COVID-19 diag-
noses. AKI occurred in 92 (29%) patients with COVID-19 vs. 159 (18%) without COVID-19. The odds for developing AKI
were higher in patients with COVID-19 (adjusted OR, 1.70; 95% confidence interval [CI] 1.04-2.76), low baseline kidney
function as depicted by estimated glomerular filtration rate (¢GFR) [4.19 (2.48-7.05), for eGFR 30 to <60 mL/min, and
20.3 (9.95-41.3) for eGFR < 30 mL/min], and higher C reactive protein (CRP) (OR 1.81 (1.11-2.95) in patients with initial
CRP> 10 mg/L). Compared to patients without COVID-19 and without AKI, the risk of in-hospital death was highest in
patients with COVID-19 and AKI [OR 80.3, 95% CI (27.3-235.6)], followed by COVID-19 without AKI [16.3 (6.28-42.4)],
and by patients without COVID-19 and with AKI [10.2 (3.66-28.2)].

Conclusions Geriatric patients hospitalized with COVID-19 had a higher incidence of AKI compared to patients hospital-
ized for other diagnoses. COVID-19 and reduced baseline kidney function were risk factors for developing AKI. AKI and
COVID-19 were associated with in-hospital death.
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Since December 2019, COVID-19 has become a global
pandemic. Acute kidney injury (AKI) is common among
COVID-19 patients [1-5], due to multifactorial COVID-
19-related factors [6—-8]. Previous studies from China, the
United States and Europe showed that the incidence of AKI
varied considerably from 1 to 80% among patients hospital-
ized with COVID-19 [1-5], and was especially high in inten-
sive care units (ICUs) [4, 9]. AKI has also been considered a
marker of severity of COVID-19 as well as a risk factor for
COVID-19-related in-hospital death [10—12].

To date, there are few reports on the risk factors for AKI
and post-AKI outcomes in COVID-19 in geriatric patients
[13—-16] and comparisons of AKI in geriatric patients with
and without COVID-19 are also lacking. It is unknown
whether geriatric patients with COVID-19 have similar risk
factors for AKI and AKI-related adverse outcomes compared
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to their non-COVID-19 counterparts. What is well known,
however, is that the risk of more severe illness and mortality
from COVID-19 is higher in older patients [17-20].

On January 31st, 2020, Sweden had its first COVID-19
case and currently over 500,000 cases have been reported.
The Stockholm region has been severely affected during
the COVID-19 pandemic, and has suffered a high mortality
rate in older patients [21]. The purpose of this study was to
describe the incidence, risk factors, and outcomes for AKI in
patients hospitalized with COVID-19 at two large geriatric
clinics in Stockholm, and to determine whether there are
risk factors for AKI unique to COVID-19 infection by com-
parison with patients treated for non-COVID-19 diagnoses
in these clinics during the same period.

Methods
Study population

In the present study, we included all hospitalizations for
patients who were admitted to two geriatric clinics in two
hospitals in Stockholm, Sweden, from March 1st to June
15th, 2020. We excluded patients if (1) hospitalization
lasted <24 h, (2) they were undergoing renal replacement
therapy (maintenance dialysis or renal transplant), or (3)
serum creatinine measurements after admission were miss-
ing (Supplemental Fig. S1). A total of 1191 hospitaliza-
tions were eligible, comprising 316 patients hospitalized
for COVID-19 and 875 hospitalized for non-COVID-19
diagnoses during the same period.

COVID-19 diagnosis and covariates

The COVID-19 diagnosis was based on either a positive
reverse transcriptase polymerase chain reaction (RT-PCR)
analysis from nasopharyngeal swabs or, for patients with
symptoms but with a negative RT-PCR, on a clinical diag-
nosis and a typical thoracic CT scan. Information on patient
demographics, initial vital signs, laboratory data during
hospitalization, medication and in-hospital death were col-
lected through the hospital’s electronic health records. The
definition of comorbidities was based on the International
Classification of Diseases (ICD)-10 code that was obtained
from discharge records [22]. Diabetes and dementia were
further enriched with information on current prescription
of related medications. These data were then used to cre-
ate a Charlson Comorbidity Index (CCI) Score [23]. Since
comorbidities were registered at the end of hospitalization
they were only for description, and were not used to analyse
to avoid reverse causation. The baseline kidney function as
depicted by estimated glomerular filtration rate (eGFR) [24],
was calculated from the lowest creatinine value measured
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during the hospital stay [25]. This is consistent with previ-
ous studies [14, 26] to baseline estimate kidney function,
considering that we did not have kidney function data before
hospitalization. We used eGFR <30, 30-59 and 60 + mL/
min/1.73m? categories to define the different stages of base-
line kidney function, and the 60 + mL/min/1.73m? was used
as the reference group [24].

AKIl and In-hospital death

AKI was defined as a 0.3 mg/dL (26.5 mmol/L) increase
or a 50% increase in serum creatinine from baseline to the
maximum values of in-hospital creatinine measurements for
each patient [27]. Since creatinine values prior to hospitali-
zation were not available in this study, we chose the mini-
mum creatinine value during hospitalization as the baseline
creatinine, as proposed by Siew et al [25]. The severity of
AKI was defined as AKI stage 1-3 according to the Kidney
Disease Improving Global Outcomes criteria [27]: stage
(1) increase in creatinine by 0.3 mg/dL (26.5 mmol/L) or a
50-99% increase in creatinine; stage (2) 100—199% increase
in creatinine; stage (3) 200% or more increase in creatinine
or increase in creatinine to >4.0 mg/dL (353.6 mmol/L)
or initiation of renal replacement therapy (Supplemental
Table S1).

The secondary outcomes included (a) in-hospital death;
(b) renal recovery of AKI in survivors at discharge. Renal
recovery from AKI was defined as <50% increase in creati-
nine from baseline value to discharge according to the Acute
Dialysis Quality Initiative (ADQI) [28]. Patients were cen-
sored at discharge from hospital, death, or transfer to other
departments/clinics or other hospitals, whichever occurred
first.

Statistical analyses

Continuous variables were reported as mean + standard
deviation (SD) or median and interquartile range (IQR), and
categorical variables were reported as a percentage. Chi-
square and Wilcoxon rank sum test were used to test the
differences between patients with and without AKI during
hospitalization.

Logistic regression was used to test the association of
covariates of interest (including diagnosis of COVID-19,
admission sources, admitting hospital, age, sex, vital signs,
lab values, baseline eGFR and medications) with the risk
of incidence of AKI. To evaluate whether the same risks
of AKI applied to patients with or without COVID-19, we
performed subgroup analyses by the COVID-19 diagnosis.
Baseline eGFR was also introduced as a cubic spline with
the risk of incidence of AKI.
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Logistic regression models were also used to estimate
the risk of in-hospital death for patients with AKI compared
to patients without AKI. Statistical interaction to evaluate
whether COVID-19 modified the association between AKI
and in-hospital death was modeled by including a product
of COVID-19 and AKI in the regression model. We investi-
gated associations between increase in percent (%) in serum
creatinine and risk of in-hospital death using cubic splines,
with knots at the 10th, 50th, and 90th percentile.

Data on CRP values, initial temperature, systolic blood
pressure (SBP), diastolic blood pressure (DBP), pulse rate,
and oxygen saturation (SpO,) were missing for 30(2.5%),
1(0.1%), 6(0.5%), 6 (0.5%), 3(0.3%), and 176(14.8%)
patients, respectively. Missing data were handled with the
use of multiple imputation with chained equations. All anal-
yses were performed using R (https://www.r-project.org) and
Stata version 16.0 (StataCorp, College Station, TX, USA).

Ethical statement

The Swedish Ethical Review Authority approved the study
(Dnr 2020-02146, and 2020-03345).

Results

Characteristics of patients with AKI and COVID-19
diagnosis

A total of 316 COVID-19 and 875 non-COVID-19 older
adults were included. In the overall cohort of both groups,
the mean age was 83 +£9 years, 57% were women, baseline
eGFR was 62 +23 mL/min, and the median number of cre-
atinine measurements per patient during hospitalization was
2(IQR, 1-4). The most common comorbidity was hyper-
tension (40%), followed by diabetes (37%), and dementia
(30%). As compared to patients without COVID-19, patients
with COVID-19 had a higher prevalence of hypertension
(50% vs 36%), diabetes (46% vs 33%), and chronic obstruc-
tive pulmonary disease (COPD) (21% vs 14%), as well as
higher CRP values at admission, higher initial temperature,
lower DBP, lower SpO2 and more frequent prescription of
low molecular weight heparin (LMWH)/non-vitamin-k oral
anticoagulant (NOAC)/warfarin(84% vs 57%) and antibiot-
ics(50% vs 41%) (Supplemental Table S2).

COVID-19 patients who developed AKI were more fre-
quently diabetic (55% vs 42%), had lower baseline eGFR
(57+26 vs 67 +21 mL/min), increased initial median
CRP value (78 vs 42 mg/L) and were more often on treat-
ment with antibiotics at hospitalization(60% vs 46%)
compared to the COVID-19 patients who did not develop
AKI (Table 1). Non-COVID-19 AKI patients tended to be
older (86 + 8.4 vs 83 +8.6) and to have a higher prevalence

of diabetes (41% vs 32%), chronic heart failure (32% vs
17%), lower baseline eGFR (47 +25 vs 64+ 21 mL/min),
increased initial CRP value( 53 vs 26 mg/L), and more
prevalent use of diuretics (72% vs 55%), LMWH/NOAC/
warfarin (64% vs 55%) and antibiotics (54% vs 38%) as
compared to those without AKI (Table 1).

Incidence and severity of AKI

AKI occurred in 92 (29%) patients with COVID-19 com-
pared to 159 (18%) of those with other diagnoses who were
hospitalized during the same pandemic period (p <0.001).
Among AKI patients with a COVID-19 diagnosis, 78% of
AKI was stage 1, 16% stage 2, and 5.4% stage 3. Among
patients with other diagnoses, 89% of AKI was stage 1,
7% stage 2, and 4% stage 3; none of the patients in AKI
stage 3 required renal replacement therapy (i.e. dialysis).
Severity of AKI differed significantly between patients
with COVID-19 compared to patients with other diagno-
ses (p <0.05) (Table 1).

Risk factors for incidence of AKI
during hospitalization

Overall, the odds of developing AKI were higher in
patients with COVID-19 (OR, 1.70; 95% CI 1.04-2.76),
in patients with reduced baseline kidney function [4.19
(2.48-7.05) when eGFR was 30-59 mL/min, and 20.3
(9.95-41.3) when eGFR was < 30 mL/min], and in patients
with initial CRP > 10 mg/L [1.81 (1.11-2.95)] (Table 2).

Subgroup analyses by COVID-19 diagnosis showed
that reduced baseline kidney function increased the risk
of AKI in patients with or without COVID-19 [2.94
(1.17-7.34) when eGFR was 30-59 mL/min and 9.93
(2.32-42.5) when eGFR was <30 mL/min for COVID-
19; 5.55 (2.74-11.2) when eGFR was 30-59 mL/min
and 35.0 (14.0-87.7) when eGFR was <30 mL/min for
non-COVID-19 and other diagnoses, respectively]. Age
80-90 years was associated with higher odds of AKI in
patients with COVID-19 [3.57(1.32-9.66)]. Increased ini-
tial CRP value (> 10 mg/L) was associated with higher
odds of AKI [2.05 (1.07-3.95)] in patients with other
diagnoses but did not become significant in patients with
COVID-19 [2.28 (0.97-5.36)] (Table 2). When modeling
eGFR as a continuous metric using splines, we observed
an increased OR when eGFR was less than 60 mL/min in
both COVID-19 and with other diagnoses (Supplemental
Fig. S2).
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Table 1 Clinical characteristics of geriatric patients (n=1191) according to the presence of acute kidney injury (AKI) and COVID-19 diagnosis,
respectively

COVID-19 (n=316) Other diagnosis (n=875)
Non-AKI with AKI p-value Non-AKI with AKI p value
Patients, n (%) 224 (711%) 92(29%) 716 (82%) 159(18%)
Age, year mean + SD 82.0+8.6 82.8+8.3 0.45 82.6+8.6 85.5+8.4 <0.001
Women, n (%) 121 (54.0%) 43 (46.7%) 0.24 421 (58.8%) 88 (55.3%) 0.42
BMI, kg/m> 249+6.2 243+54 0.66 244+53 249+4.8 0.33
Mean+SD (n=675)
BMI< 18.5, n (%) 10 (12%) 4 (12%) 0.91 43 (9.3%) 7 (7.1%) 0.75
BMI 18.5 to <25, n (%) 40 (49%) 19(56%) 237 (51.3%) 53 (54.1%)
BMI 25 to <30, n (%) 21 (26%) 8 (24%) 118 (25.5%) 22 (22.4%)
BMI>30, n (%) 10 (12%) 3 (9%) 64 (13.9%) 16 (16.3%)
Vital signs at admission, mean SD
Temperature, °C (n=1190) 37.1+0.7 37.2+0.9 0.25 37.0+0.5 36.9+0.7 0.42
SBP, mmHg (n=1185) 132.7+214 130.2+20.7 0.34 132.2+21.6 129.2+22.4 0.11
DBP, mmHg (n=1185) 71.5+11.1 71.2+13.2 0.88 73.5+12.3 72.5+13.4 0.37
Pulse rate, /min (n=1188) 79.7+15.5 82.5+15.1 0.13 79.5+14.1 79.6+15.5 0.92
Saturation, % (n=1015) 93.0+5.9 92.5+6.2 0.51 95.4+4.8 94.8+3.4 0.17
<90%, n (%) 24(14.0%) 15(18.5%) 0.65 26 (4.2%) 10 (6.8%) 0.38
90 to <94%, n (%) 54(31.6%) 25(30.9%) 120 (19.5%) 30 (20.4%)
>94%, n (%) 93(54.4%) 41(50.6%) 470 (76.3%) 107 (72.8%)
Lab values
eGFR, mL/min/1.73m? baseline, 67.3+21.1 56.9+26.4 <0.001 63.6+20.6 46.5+24.6 <0.001
mean+SD
eGFR > 60 mL/min, n (%) 146 (65.2%) 42 (45.7%) <0.001 429 (59.9%) 39 (24.5%) <0.001
eGFR 30-59 mL/min, n (%) 68 (30.4%) 34 (37.0%) 246 (34.4%) 77 (48.4%)
eGFR <30 mL/min, n (%) 10 (4.5%) 16 (17.4%) 41 (5.7%) 43 (27.0%)
Minimum creatinine, mmol/L median 66.0 (49.0, 89.5) 81.5(57.5,126.0) <0.001 70.0(55.0,89.0) 105.0 (72.0,150.0) <0.001
(IQR)
Maximum creatinine, mmol/L median 73.0 (56.5,96.0) 130.0 (95.0,216.5) <0.001 76.0(61.0,96.0) 159.0(117.0,220.0) <0.001
(IQR)
Number of creatinine measurements 2(1,4) 6(4,9) <0.001 2(1,3) 5(4,8) <0.001

median (IQR)
CRP at admission, mg/L median (IQR) 42.0 (19.0, 84.0) 77.5(39.0,117.5) <0.001 26.0 (9.0, 65.0) 53.0(25.0, 120.0) <0.001
(n=1160)

Comorbidities, n (%)

CCI, median IQR 3.0 (1.0, 4.0) 3.0 (2.0,5.0) 0.03 2.0 (0.0, 4.0) 3.0 (1.0,5.0) <0.001
Hypertension 114 (50.9%) 44 (47.8%) 0.62 258 (36.0%) 60 (37.7%) 0.69
Diabetes 93 (41.5%) 51 (55.4%) 0.02 226 (31.6%) 65 (40.9%) 0.02
Chronic heart failure 49 (21.9%) 25 (27.2%) 0.31 124 (17.3%) 51 (32.1%) <0.001
Myocardial infarction 7(3.1%) 6 (6.5%) 0.17 27 (3.8%) 5(3.1%) 0.70
COPD 49 (21.9%) 18 (19.6%) 0.65 98 (13.7%) 20 (12.6%) 0.71
Asthma 12 (5.4%) 4 (4.3%) 0.71 21 (2.9%) 3 (1.9%) 0.47
Cancer 18 (8.0%) 7 (7.6%) 0.90 44 (6.1%) 12 (7.5%) 0.51
Stroke 19 (8.5%) 8 (8.7%) 0.95 42 (5.9%) 10 (6.3%) 0.84
Atrial fibrillation 64 (28.6%) 31 (33.7%) 0.37 173 (24.2%) 48 (30.2%) 0.11
MCI or dementia 55 (24.6%) 27 (29.3%) 0.38 225 (31.4%) 50 (31.4%) 1.00
Medication at admission, n (%)
ACEIs 51 (22.8%) 25 (27.2%) 0.41 146 (20.4%) 41 (25.8%) 0.13
ARBs 55 (24.6%) 23 (25.0%) 0.93 169 (23.6%) 38 (23.9%) 0.94
Betablockers 120 (53.6%) 56 (60.9%) 0.24 381 (53.2%) 94 (59.1%) 0.18
CCBs 73 (32.6%) 32 (34.8%) 0.71 191 (26.7%) 55 (34.6%) 0.05
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Table 1 (continued)
COVID-19 (n=316) Other diagnosis (n=2875)
Non-AKI with AKI p-value Non-AKI with AKI p value
Diuretics 121 (54.0%) 56 (60.9%) 0.26 395 (55.2%) 115 (72.3%) <0.001
Statins 79 (35.3%) 38 (41.3%) 0.31 247 (34.5%) 69 (43.4%) 0.04
LMWH/NOAC/warfarin 189 (84.4%) 77 (83.7%) 0.88 393 (54.9%) 102 (64.2%) 0.03
Antiplatelets 77 (34.4%) 40 (43.5%) 0.13 215 (30.0%) 58 (36.5%) 0.11
NSAIDs 8 (3.6%) 2 (2.2%) 0.52 42 (5.9%) 53.1%) 0.17
Glucocorticoids 46 (20.5%) 16 (17.4%) 0.52 104 (14.5%) 27 (17.0%) 0.43
Antibiotics 104 (46.4%) 55 (59.8%) 0.03 269 (37.6%) 86 (54.1%) <0.001
Outcomes
AKI severity, n (%) 0.04
Stage 1 72 (78.3%) 142 (89.3%)
Stage 2 15 (16.3%) 11 (6.9%)
Stage 3 5(5.4%) 6 (3.8%)
In-hospital death, n (%) 29 (12.9%) 35 (38.0%) <0.001 7 (1.0%) 19 (11.9%) <0.001
Stay in hospital, days 8.8+6.0 132+7.5 <0.001 6.8+3.8 12.0+7.3 <0.001

Mean SD

SD standard deviation, /QR interquartile range, AKI acute kidney injury, SBP systolic BP, DBP diastolic BP, eGFR estimated glomerular fil-
tration rate, CRP C-reactive protein, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, MCI mild cognitive
impairment, ACEIs angiotensin-converting enzyme inhibitors, ARBs angiotensin receptor blockers, CCBs calcium channel blockers, LMWH low
molecular weight heparin, NOAC non-vitamin-k oral anticoagulant, NSAIDs nonsteroidal anti-inflammatory drugs

AKIl and in-hospital death

In patients with COVID-19, in-hospital death was 38%
among those with AKI compared to 13% in those with-
out AKI. By comparison, in patients without COVID-19,
in-hospital death was 12% in those with AKI compared
to 1% in those without AKI. In multivariable logistic
regression, AKI was associated with a higher risk of in-
hospital death in patients with COVID-19 [OR 8.64 (95%
CI 3.25-23.0)]. Similar associations were also found in
patients with other diagnoses [10.2 (2.89-35.9)]. No sta-
tistically significant interaction terms were observed for
the product of COVID-19 and AKI with in-hospital death
(Pinteraction = 0.22) (Table 3). In multivariable adjusted
analyses, a higher change in serum creatinine was associ-
ated with a higher risk of in-hospital death, with statisti-
cally significant associations for changes in serum cre-
atinine > 50% (Supplemental Fig. S3). We observed an
increased risk of in-hospital death across the severity of
AKI stages and significant differences among AKI stages
(p <0.05) (Supplemental Table S3).

In the whole cohort of 1,191 patients, the risk of in-
hospital death was highest among patients with COVID-
19 and with AKI [80.3 (27.3-235.6)], followed by patients
with COVID-19 without AKI [16.3 (6.28—42.4)], and finally
by non-COVID-19 patients with other diagnosis and AKI
[10.2 (3.66-28.2)]. Where patients with other diagnoses and
non-AKI was used as the reference group (Table 3). Simi-
lar results were observed when we excluded 63 patients

from our sensitivity analyses who were transferred to other
departments or hospitals (Supplemental Table S4).

Recovery from AKI at discharge

We did not find any significant association between COVID-
19 infection and recovery from AKI at discharge. In addi-
tion, the severity of the AKI stages was not associated with
recovery from AKI in patients with COVID-19 or in those
with other diagnoses (Table 4).

Discussion

In this Swedish cohort of geriatric patients hospitalized with
or without COVID-19, older adults with COVID-19 had a
higher incidence of AKI compared to those without COVID-
19 who were hospitalized with other diagnoses. COVID-19
infection and poor baseline kidney function are risk factors
for AKI during hospitalization. Furthermore, we demon-
strated that AKI was associated with higher in-hospital death
in both COVID-19 and non-COVID-19 patients.

In our cohort, 29% of older adults with COVID-19 devel-
oped AKI during hospitalization, which is a higher propor-
tion than was published for cohorts from China [13, 16], less
pronounced compared to patients from the USA [14, 15] and
from intensive care units [4, 9]. In one study from China that
collectively included 701 COVID-19 cases with a median
age of 63 years, the incidence of AKI was only 5.1% [16].
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Table 2 Odds ratios for
incidence of AKI during
hospitalization

Another Chinese study showed that in 882 older COVID-19
patients with a median age of 71 years, consisting of 50%
men, 13% developed AKI [13]. Our 29% incidence of AKI
is lower than what has been reported in studies from the
USA. In two studies involving 14 hospitals in New York

@ Springer

Whole cohort (n=1191)

COVID-19 (n=316)

Other diagnoses
(n=875)

Adjusted OR  95% CI

Adjusted OR  95% CI

Adjusted OR  95% CI

COVID-19
Age categories
Age <80
Age 80-90
Age>90
Women
Vital signs at admission
Temperature, °C
SBP, mmHg
DBP, mmHg
Pulse rate, /min
Saturation, <90%
Lab values
Baseline kidney function
eGFR > 60 mL/min
eGFR 30-59 mL/min
eGFR <30 mL/min

Number of creatinine
measurements

CRP>10 mg/L
Medication at admission
ACEIs
ARBs
Betablockers
CCBs
Diuretics
Statins
LMWH/NOAC/warfarin
Antiplatelets
NSAIDs
Glucocorticoids
Antibiotics
Admission source
From home
From nursing home
From other clinic
Admission hospital
Clinic 1 vs clinic 2

1.70* 1.04,2.76
Reference

1.28 0.75,2.17
1.54 0.83,2.89
0.73 0.47,1.12
1.01 0.74,1.37
0.99 0.98,1.00
1.01 0.99,1.03
1.01 1.00,1.03
1.45 0.71,2.98
Reference

4.19%%% 2.48,7.05
20.3%** 9.9541.3
1.71%%% 1.56,1.86
1.81°%* 1.11,2.95
1.14 0.69,1.90
1.05 0.63,1.76
0.68 0.43,1.06
1.24 0.78,1.96
1.07 0.66,1.73
1.44 0.91,2.28
1.06 0.65,1.73
1.19 0.74,1.92
1.58 0.60,4.14
1.08 0.63,1.87
1.12 0.73,1.72
Reference

1.39 0.40,4.90
1.10 0.71,1.72
1.20 0.71,2.02

Reference

3.57* 1.32,9.66
1.17 0.36,3.74
0.53 0.24,1.21
1.06 0.64,1.75
0.98 0.96,1.00
1.01 0.98,1.05
1.01 0.98,1.04
1.98 0.70,5.59
Reference

2.94% 1.17,7.34
9.93%* 2.32,42.5
1.55%#:* 1.34,1.78
2.28 0.97,5.36
1.21 0.44,3.32
0.78 0.30,2.06
0.72 0.31,1.65
1.04 0.45,2.39
1.08 0.46,2.56
1.62 0.68,3.85
0.62 0.22,1.79
1.49 0.63,3.50
1.12 0.13,10.1
0.63 0.22,1.76
1.63 0.74,3.59
Reference

0.66 0.04,10.4
0.93 0.39,2.21
1.49 0.56,3.98

Reference

0.77 0.38,1.56
1.52 0.68,3.41
091 0.52,1.60
0.89 0.57,1.38
0.99 0.97,1.00
1.01 0.98,1.03
1.01 0.99,1.03
2.18 0.70,6.76
Reference

5.55%%%* 2.74,11.2
35.0%** 14.0,87.7
1.88%#3%* 1.66,2.13
2.05* 1.07,3.95
1.17 0.61,2.26
1.22 0.63,2.34
0.66 0.36,1.19
1.57 0.85,2.90
1.14 0.60,2.18
1.57 0.86,2.87
0.99 0.54,1.82
1.11 0.58,2.13
2.07 0.65,6.67
1.41 0.70,2.84
0.93 0.52,1.63
Reference

2.10 0.45,9.86
1.39 0.79,2.46
0.92 0.46,1.85

OR odds ratios, CI confidence interval, AKI acute kidney injury, SBP systolic BP, DBP diastolic BP, eGFR
estimated glomerular filtration rate, CRP C-reactive protein, ACEIs angiotensin-converting enzyme inhibi-
tors, ARBs angiotensin receptor blockers, CCBs calcium channel blockers, LMWH low molecular weight
heparin, NOAC non-vitamin-k oral anticoagulant, NSAIDs nonsteroidal anti-inflammatory drugs. *p<0.05,

#4p<0.01, ##%p<0.001

that included 5,800 individuals, median age 64-71 years,
56—61% males, admitted with COVID-19, AKI occurred in
37% and 55%, respectively [14, 15]. In addition, a recent
meta-analysis among patients admitted to the ICU showed
that the pooled AKI events were 29.2% (4330 patients from
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Table 3 Odds ratios and 95%
ClIs for in-hospital death by the
presence of acute kidney injury
and COVID-19 in geriatric

Whole cohort (n=1191)

COVID-19 (n=316)

Other diagnoses
(n=875)

Adjusted OR  95% CI

Adjusted OR  95% CI

Adjusted OR  95% CI

patients
Non-COVID-19 non-AKI

Non-COVID-19 and AKI
COVID-19 and non-AKI
COVID-19 and AKI
Age categories
Age <80
Age 80-90
Age>90
Women
Vital signs at admission
Temperature, °C
SBP, mmHg
DBP, mmHg
Pulse rate, /min
Saturation categories
<90%
90 to <94%
>94%
Lab values
Baseline kidney function
eGFR > 60 mL/min
eGFR 30-59 mL/min
eGFR <30 mL/min

Number of creatinine
measurements

CRP> 10 mg/LL
Medication at admission
ACEIs
ARBs
Betablockers
CCBs
Diuretics
Statins
LMWH/NOAC/warfarin
Antiplatelets
NSAIDs
Glucocorticoids
Antibiotics
Admission source
From home
From nursing home
From other clinic
Admission hospital

Clinic 1 vs clinic 2

Reference

10.2%%:* 3.66,28.2
16.3%%:* 6.28,42.4
80.3%:* 27.3,235.6
Reference

1.75 0.84,3.61
2.26 1.00,5.13
0.67 0.38,1.18
1.10 0.76,1.60
0.99 0.98,1.01
1.00 0.98,1.03
1.01 0.99,1.03
5.84%#3%%* 2.63,13.0
1.36 0.69,2.66
Reference

Reference

1.52 0.77,3.00
5.01%%* 2.12,11.8
0.90* 0.81,1.00
1.15 0.62,2.14
0.75 0.39,1.47
0.73 0.36,1.47
0.78 0.43,1.41
0.80 0.43,1.48
1.25 0.68,2.31
0.42%% 0.22,0.81
1.99 0.95,4.17
2.38%* 1.29,4.37
1.16 0.29,4.68
1.63 0.82,3.26
1.39 0.78,2.48
Reference

0.39 0.04,3.37
0.68 0.37,1.25
3.68%* 1.63,8.29

Reference
8.64%**

Reference
1.04
1.65
0.57

1.22
1.00
1.00
1.00

10.5%:%
2.14
Reference

Reference
1.93
9.74%*
0.82%*

1.73

0.47
0.68
0.35%
1.36
1.42
0.48
2.86
1.94
1.07
1.64
1.36

Reference
0.60
0.44

4,67+

3.25,23.0

0.38,2.85
0.54,5.06
0.26,1.28

0.74,2.02
0.98,1.02
0.97,1.04
0.98,1.03

3.31,33.3
0.84,5.44

0.77,4.85
2.44,38.9
0.70,0.95

0.75,3.99

0.18,1.22
0.25,1.84
0.15,0.84
0.61,3.02
0.63,3.18
0.20,1.16
0.89,9.19
0.86,4.40
0.13,8.82
0.65.4.15
0.61,3.04

0.05,7.85
0.18,1.09

1.56,14.0

Reference

10.2%%3% 2.89,35.9
Reference

3.59 0.80,16.0
2.84 0.58,14.0
0.85 0.30,2.42
0.76 0.35,1.66
1.00 0.97,1.03
0.99 0.94,1.04
1.03 1.00,1.07
6.67* 1.42,31.3
0.99 0.26,3.73
Reference

Reference

1.46 0.37,5.81
6.43%* 1.49,27.8
1.11 0.94,1.30
0.45 0.12,1.70
1.63 0.52,5.09
1.01 0.29,3.51
2.92 0.93,9.15
0.10%* 0.02,0.51
0.65 0.21,2.04
0.47 0.14,1.50
1.46 0.44,4.86
3.44% 1.06,11.2
1.19 0.10,14.2
2.11 0.57,7.74
1.30 0.45,3.81
Reference

1.42 0.49,4.18
2.90 0.47,17.8

OR odds ratios, CI confidence interval, AKI acute kidney injury, SBP systolic BP, DBP diastolic BP, eGFR
estimated glomerular filtration rate, CRP C-reactive protein, ACEIs angiotensin-converting enzyme inhibi-
tors, ARBs angiotensin receptor blockers, CCBs calcium channel blockers, LMWH low molecular weight
heparin, NOAC non-vitamin-k oral anticoagulant, NSAIDs nonsteroidal anti-inflammatory drugs. *p<0.05,

##p<0.01, #¥¥p<0.001
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Table 4 Recovery from AKI at

‘ COVID-19 (n=57) Other diagnoses (n=140) p value
discharge
Recovery yes Recovery no Recovery yes Recovery no
AKI at any-stage 0.64
50 (88%) 7 (12%) 126 (90%) 14 (10%)
AKI severity
Stage 1 42 (89%) 5(11%) 115 91%) 12 (9%)
Stage 2 8 (80%) 2 (20%) 7 (78%) 2 (22%)
Stage 3 - - 4 (100%) 0
P trend among 0.41 0.37
AKI stages

AKI acute kidney injury

23 studies) [4]. The discrepancy between these reports
and our study might be explained by differences in patient
population, geographic location and guidelines regarding
hospital admission. In our study, the proportion of COVID-
19 patients with AKI stage 2 or 3 was higher compared to
patients with other diagnoses. In this population none of the
patients in AKI stage 3 received renal replacement therapy
([RRT], e.g., dialysis). This may have been due to either
transient AKI which improved before the patients met indi-
cations for dialysis or, more likely, to the fact that the treat-
ing physicians chose not to send older patients to dialysis
because it was deemed futile in view of their serious gen-
eral conditions. Whether these differences in AKI incidence
among studies reflect differences in severity of COVID-19
is not clear. In the early spring in Stockholm, with expo-
nentially increasing numbers of COVID-19 patients needing
hospital care, the geriatric clinics played an important role
in treating, administering and upholding care guidelines for
geriatric patients with COVID-19 and many severe patients
were admitted to geriatrics units. Another explanation could
be that the different age among studies. Patients admitted
for COVID-19 in our study and in US studies tended to be
older compared to patients from China [29]. In addition, the
pattern of comorbidities differed in our geriatric population
compared to populations elsewhere; the 40% rate of hyper-
tension, 37% of diabetes, and 16% of COPD in our cohort
were much higher than in cohorts from China (33%, 14% and
1.9% respectively) [16]. This could suggest that management
of comorbidities will play a large role in preventing AKI
during hospitalization.

We found that COVID-19 infection and reduced baseline
kidney function may be risk factors for the development of
AKI. Several plausible mechanisms have been proposed
to explain the link between COVID-19 and AKI. First, the
kidney may be a target organ in COVID-19 because SARS-
CoV-2 directly damage the kidney via the angiotensin-con-
verting enzyme 2 (ACE2) pathway [6-8]. Studies of biopsy
samples showed that the presence of SARS-CoV-2 parti-
cles in proximal tubule cells and podocytes may support

@ Springer

this hypothesis [30, 31]. Second, complications including
immune response dysregulation, hypercoagulability, acute
tubular necrosis by dehydration, sepsis and hemodynamic
instability in the course of COVID-19 infections outside the
kidney are associated with AKI [32]. We report an associa-
tion between the reduced baseline kidney function (assessed
by eGFR) and the risk of developing AKI. However, our
in-hospital “baseline” kidney function evaluation may have
underestimated the risk of kidney function on AKI, and
moreover, in our study it was not known whether renal dys-
function was caused by AKI or by a pre-existing chronic
renal disease. Our results show similar magnitudes and are
consistent with previous studies which also used the lowest
in-hospital value of creatinine to calculate eGFR as baseline
kidney function [14, 26]. However, the baseline kidney func-
tion in patients with AKI in our study was higher than in
studies using admission values to estimate baseline kidney
function [15, 16]. In addition, it is not yet known whether
COVID-19 will increase the risk of CKD long-term in differ-
ent populations. However in a study from New York among
survivors with AKI needing dialysis, 30.6% remained on
dialysis at discharge [33].

Our principal finding was that AKI in COVID-19 patients
was associated with an eightfold higher in-hospital mortality
rate compared to those who did not develop AKI in COVID-
19. Moreover, the mortality risk after adjusting for age, gender,
lab values, initial vital signs and medications was 80 times
higher for those with COVID-19 and AKI, and 10 times
higher for those withoutCOVID-19 and with AKI compared
to patients without COVID-19 and without AKI. This result
showed the same direction but larger magnitude than in sev-
eral previous meta-analyses showing increased in-hospital
mortality in patients with COVID-19 who developed AKI
(pooled risk ratios 5-15) [4, 10-12]. However, these pooled
risk ratios were based on the crude numbers, and our esti-
mates were adjusted for many confounders and compared to
non-COVID-19 and non-AKI. Our findings are also similar
to other severe infectious diseases associated with AKI. One
meta-analysis that collectively included 226 studies from 50
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countries of critically ill patients with Influenza A(HIN1)
reported a 36% incidence of AKI and 17-44% increased mor-
tality [34]. A recent meta-analysis comparing different coro-
navirus infections showed that the incidence of AKI in severe
acute respiratory syndrome (SARS) infection was only 6-16%,
while AKI in patients with Middle East respiratory syndrome
(MERS) coronavirus infection was as high as 27-49%. On the
other hand, mortality after developing AKI was 80-90% in
SARS and 60-70% in MERS [35]. In general, AKI mortality
in COVID-19 in our study is higher than in HINT1 infection,
but lower than in SARS or MERS.

Strengths and limitations must be considered when inter-
preting the results of the present study. The main strength
was the inclusion of a relatively large sample of hospitalized
older patients including both COVID-19 and non-COVID-19
patients, with a wealth of information concerning potential
risk factors and confounders, as well as access to health
records during the hospital stay. One important limitation
of the study is that we had no information on baseline cre-
atinine measurement prior to hospitalization. Instead, we
used the lowest in-hospital creatinine value as the baseline
creatinine in the analysis as a proxy for pre-hospital creati-
nine. We acknowledge that relying on the lowest in-hospital
creatinine value may have led to under-estimation of the AKI
events and, consequently, to overestimation of AKI-associ-
ated events, nonetheless the use of the lowest in-hospital
creatinine has been proven to be appropriate and is widely
used in many studies [14, 25, 26]. The lack of information on
pre-hospital kidney function or urine tests is another limita-
tion of the study. This makes it difficult to study COVID-
19 in the special population with chronic kidney disease.
In addition, information on the time of onset of peak cre-
atinine was not available, but in clinical practice, treating
hospitalized COVID-19 patients follow up of kidney func-
tion including repeated creatinine analyses is recommended
within 1-7 days (Swedish clinical guidelines published by
the Swedish Infectious disease association https://www.inter
netmedicin.se/behandlingsoversikter/infektion/covid-19/).
We acknowledge that the lack of RRT in AKI stage 3 may
add a confounding bias in the association of AKI and mor-
tality. Another limitation is that we do not have data on long-
term mortality and therefore have reported only in-hospital
deaths. The mortality rate may therefore be underestimated.
COVID-19 in geriatric patients with a longer follow-up is
planned in future studies. Finally, as in all observational and
register-based analyses, we acknowledge the possibility of
residual and unknown confounders such as socio-economic
status and body mass index.

Conclusion

In summary, our study shows that in this Swedish cohort
of geriatric patients, those with COVID-19 had a higher
incidence of AKI compared to non-COVID-19 patients.
COVID-19 and lower baseline kidney function may be a
risk factor for AKI. In-hospital mortality risk was highest in
patients with AKI and COVID-19. Since the development of
AKIT is one of the most important risk factors for mortality
in COVID-19 patients, focus on, and optimal management
of, AKI may improve the outcome of COVID-19 in geriatric
patients.
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