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Abstract: <b>Background:</b> COVID-19 is associated with increased risk of post-acute sequelae
involving pulmonary and extrapulmonary organ systems a€” referred to as long COVID. However, a
detailed assessment of kidney outcomes in long COVID is not yet available.

<b>Methods:</b> We built a cohort of 1,726,683 US Veterans identified from March 01, 2020 to March
15, 2021 including 89,216 30-day COVID-19 survivors and 1,637,467 non-infected controls. We
examined risks of AKI, eGFR decline, ESKD, and major adverse kidney events (MAKE) defined as eGFR
decline 3a%0¥50%, ESKD, or all-cause mortality using inverse probability weighted survival regressions,
adjusting for predefined demographic and health characteristics, and algorithmically selected high-
dimensional covariates including diagnoses, medications, and laboratory tests. Linear mixed models
characterized intra-individual eGFR trajectory.

<b>Results:</b> Beyond the acute illness, 30-day survivors of COVID-19 exhibited a higher risk of AKI
(aHR=1.94 (95%Cl: 1.86,2.04)), eGFR decline 4%0¥30% (1.25 (1.14,1.37)), eGFR decline 4%0¥40% (1.44
(1.37,1.51)), eGFR decline 4%0¥50% (1.62 (1.51,1.74)), ESKD (2.96 (2.49-3.51)), and MAKE (1.66
(1.58,1.74)). There was a graded increase in risks of post-acute kidney outcomes according to the
severity of the acute infection (whether patients were non-hospitalized, hospitalized, or admitted to
intensive care). Compared to non-infected controls, 30-day COVID-19 survivors exhibited excess eGFR
decline of -3.26 (-3.58, -2.94), -5.20 (-6.24, -4.16), and -7.69 (-8.27, -7.12)
mL/min/1.73m<sup>2</sup>/year in non-hospitalized, hospitalized, and those admitted to intensive
care during the acute phase of COVID-19 infection.

<b>Conclusions:</b> COVID-19 survivors exhibited increased risk of kidney outcomes in the post-acute
phase of the disease. Post-acute COVID-19 care should involve attention to kidney disease.
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Significance Statement

COVID-19 survivors are at higher risk of post-acute sequelae involving pulmonary and several extrapulmonary
organ systems — generally referred to as long COVID. However, a detailed assessment of kidney outcomes in
long COVID is not yet available. Here we show that beyond the acute phase of iliness, 30-day survivors of
COVID-19 exhibited higher risks of AKI, eGFR decline, ESKD, major adverse kidney events (MAKE), as well
as steeper longitudinal decline in eGFR. The risks of kidney outcomes increased according to the severity of
the acute infection (categorized by care setting into non-hospitalized, hospitalized, and admitted to intensive
care). The findings provide insight into the long-term consequences of COVID-19 on kidney outcomes and

suggest that post-acute COVID-19 care should include attention to kidney function and disease.
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Abstract:

Background: COVID-19 is associated with increased risk of post-acute sequelae involving pulmonary and
extrapulmonary organ systems — referred to as long COVID. However, a detailed assessment of kidney

outcomes in long COVID is not yet available.

Methods: We built a cohort of 1,726,683 US veterans identified from March 01, 2020 to March 15, 2021,
including 89,216 30-day COVID-19 survivors and 1,637,467 non-infected controls. We examined risks of AKI,
eGFR decline, ESKD, and major adverse kidney events (MAKE). MAKE is defined as eGFR decline 250%,
ESKD, or all-cause mortality using inverse probability weighted survival regression, adjusting for predefined
demographic and health characteristics and algorithmically selected high-dimensional covariates including
diagnoses, medications, and laboratory tests. Linear mixed models characterized intra-individual eGFR

trajectory.

Results: Beyond the acute illness, 30-day survivors of COVID-19 exhibited a higher risk of AKI (aHR=1.94
(95%Cl: 1.86,2.04)), eGFR decline 230% (1.25 (1.14,1.37)), eGFR decline 240% (1.44 (1.37,1.51)), eGFR
decline 250% (1.62 (1.51,1.74)), ESKD (2.96 (2.49-3.51)), and MAKE (1.66 (1.58,1.74)). Increase in risks of
post-acute kidney outcomes was graded according to the severity of the acute infection (whether patients were
non-hospitalized, hospitalized, or admitted to intensive care). Compared to non-infected controls, 30-day
COVID-19 survivors exhibited excess eGFR decline of -3.26 (-3.58, -2.94), -5.20 (-6.24, -4.16), and -7.69 (-
8.27, -7.12) mL/min/1.73m?/year in non-hospitalized, hospitalized, and those admitted to intensive care during

the acute phase of COVID-19 infection.

Conclusions: COVID-19 survivors exhibited increased risk of kidney outcomes in the post-acute phase of the

disease. Post-acute COVID-19 care should include attention to kidney disease.
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Introduction:

COVID-19 is associated with substantial short-term (acute) morbidity and mortality(1). Evidence suggests that
beyond the acute illness, COVID-19 survivors may experience post-acute sequelae — also referred to in the
lay vernacular as long COVID — which can involve pulmonary and broad extrapulmonary organ system
manifestations including the kidneys(2). However, a detailed in-depth assessment of kidney outcomes in the
post-acute phase of COVID-19 infection is not yet available. A better understanding of post-acute COVID-19
kidney outcomes would inform development of care strategies to improve the health and wellbeing of people

with long COVID.

Here, we leverage the breadth and depth of the US Department of Veterans Affairs national health care
databases to build a cohort of 89,216 US Veterans who survived the first 30 days of COVID-19 infection and
1,726,683 non-infected controls and followed them longitudinally to provide an in-depth detailed
characterization of the risks (and associated burdens) of post-acute kidney outcomes in the overall cohort,
and according to severity of the acute infection (that is whether patients were non-hospitalized, hospitalized,

and admitted to intensive care).

Methods:

Cohort:

Among users of the Department of Veterans Health Care System (VHA), we identified 203,476 US Veterans
who had a record of a laboratory confirmed COVID-19 test between March 01, 2020 and March 15, 2021
(Supplemental Figure 1); of these, 191,958 had a recorded encounter with the VHA in 2019. We selected from
these 181,384 who were alive 30 days after testing positive (did not succumb to death during the acute phase
of the infection). The date of testing positive was set as T,. For a comparison group we identified 5,808,018
users of the VHA who had a record of an encounter with the VHA in 2019; 5,606,309 of whom were alive as of

March 01, 2020, and 5,414,351 of whom did not have a positive COVID-19 test between March 01, 2020 and
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March 15, 2021. We randomly assigned a T, to the control group participants by matching them with a COVID-
19 participant at a 25 to 1 rate, resulting in 4,534,600 control group participants, of which 4,397,509 were alive
30 days after their Ty. Those with a record of end stage kidney disease (ESKD) before or in the 30 days after
To were excluded from both groups, and then we finally selected those with a recorded serum creatinine
measurement after 30 days from time zero (1,637,467 control and 89,216 COVID-19), resulting in a final
analytic cohort of 1,726,683. Those with a recorded COVID-19 positive test were further defined as being non-
hospitalized, hospitalized, and being admitted to the intensive care unit (ICU) by record of inpatient care or

admittance to the ICU during the 30 days following T, (the acute phase of the illness).

Data sources:

This study utilized data collected during the routine delivery of care from the United States Department of
Veterans Affairs (VA) Veterans Health Administration (VHA). Demographic and clinical data were obtained
from the Corporate Data Warehouse (CDW)(3-10). The VA COVID-19 Shared Data Resource (CSDR)(11)
provided information on COVID-19 positive Veterans. The CSDR providers information collated by the VA’s
National Surveillance Tool, which collects near real time data on COVID-19 cases from laboratory results and
clinical notes (which are examined via natural language processing and subsequent human review). The Area
Deprivation Index (ADI) — a composite contextual measure of poverty, housing quality, employment, and
education(12, 13) — supplied a measure of the level of socio-economic disadvantage at participants’

residential locations.

Outcomes:

Outcomes were examined in the period of follow-up from 30 days after T, up to April 30", 2021, censoring at
death or ESKD where applicable. Acute kidney injury (AKI) was defined as having an inpatient serum
creatinine measurement 30-days after T, that was 0.3 mg/dL or 50% greater than baseline, where baseline

was assessed as the average of all values in the two years prior to To. We also assessed outcomes of
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estimated glomerular filtration rate (e GFR) decline of greater than or equal 30%, 40%, and 50% from baseline.
Baseline eGFR was defined by the eGFR measurement most proximal but prior to Ty, including measures up
to two years prior to T. If outpatient values were available, these were utilized first, otherwise inpatient values
were used (less than 1%). In the case of missing baseline kidney function values (1.8% and 3.2% in COVID-19
and VHA user groups, respectively), values were imputed based on demographics and baseline health
characteristics. An ESKD outcome was defined at date of first record of receipt of chronic outpatient dialysis or
kidney transplant. Major adverse kidney events (MAKE) was defined as a composite of eGFR decline greater
than or equal to 50%, ESKD, or all-cause mortality. Finally, we examined the rate of change in eGFR during
the follow-up period using all outpatient and inpatient values 30 days after T,. All eGFR were calculated using

the CKD-EPI equation(14).

Covariates:

Covariates included a set of 29 predefined potential confounders of the association between COVID-19 and
adverse kidney outcomes(1, 2, 15). Demographics, behavioral, and contextual characteristics included age,
ADI, race, sex, and smoking status. Health characteristics included a participant’s baseline eGFR, systolic and
diastolic blood pressure, body mass index (BMI), and history of cancer, cardiovascular disease,
cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, and peripheral artery
disease. Systolic and diastolic blood pressure were defined as the average of all corresponding measures in
the year prior to To. Medication history included angiotensin converting enzyme inhibitors (ACE)/angiotensin Il
receptor blockers (ARB), antibiotics, anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic
agents, diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs, and proton pump inhibitors(16-
19). Clinical comorbidities and medication usage were assessed in the year prior to To. We additionally
adjusted for record of residence at a long-term care facility, and the number of eGFR measurements in the

year prior to Ty as a measure of intensity of interaction with the health care system. All continuous covariates
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were adjusted for as restricted cubic splines with knots at the 5™, 334, 66", and 95" percentiles. Missing

baseline BMI (0.4%) and blood pressure (1%) were imputed.

In addition to these predefined covariates, and to further enhance adjustment of models, we also included a set
of 100 variables selected by a high-dimensional variable selection algorithm from several data domains
including diagnoses, pharmacy records, and laboratory tests(20-23). In brief, from data domains of diagnoses,
medication prescriptions, and laboratory tests, all available variables that occurred at least 10 times in each
group (a total of 834) were examined for differences between the COVID-19 and VHA users group by
assessment of unadjusted relative risk. We selected among these the top 100 variables with the strongest
association with group membership for inclusion in adjustment with the predefined covariates. All covariates

were assessed in the year prior to Ty,.

Statistical analyses:

Cohort participant’s characteristics overall and by COVID-19 status are reported as means (standard

deviations), medians (interquartile ranges), or frequencies (percentages), where appropriate.

Unadjusted outcome rates are presented. Differences in the risk of outcomes were assessed by application of
inverse probability weighting to cause specific Cox proportional hazard models. Propensity scores were
estimated using logistic regression, which were then used to construct weights stabilized by unadjusted group
membership probability. Truncation was not applied after examination of mean and standard deviation of
weights. Balance was examined by standardized mean differences in the predefined covariates and 100
selected high dimensional covariates before and after weighting. In addition to this, we examined balance in
the 734 high dimensional covariates not selected as a means of testing for residual differences in these
covariates that were not included in the propensity score model, where lack of balance may have suggested
that our analytic algorithm did not address potential measured confounders. A standardized mean difference

less than 0.15 was taken as evidence of balance between the COVID-19 and VHA users group(24, 25). We
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estimated the excess burden per 1000 persons of the outcomes associated with COVID-19 at 6 months after
To, where excess burden was estimated by computing the difference between the average estimated survival
probability from the weighted Cox model in those with COVID-19 and the VHA user group. Baseline survival
probability was estimated using the Breslow method(26). To examine the impact of underlying severity of the
acute phase of the illness (non-hospitalized, hospitalized, and admitted to the ICU), analyses were repeated in

the comparisons to VHA-users employing a similar analytic design(27).

We additionally conducted an analysis examining the risks and burdens of AKI, ESKD, and MAKE by the
occurrence of AKI during the acute phase of COVID-19 (first 30 days after a positive test). COVID-19 groups
examined included those during the acute phase that were non-hospitalized, hospitalized with no evidence of
AKIl, and hospitalized with evidence of an AKI. Evidence of an AKI was assessed as an inpatient serum
creatinine 0.3 mg/dL or 50% higher than the baseline serum creatinine. Propensity scores and outcome
definitions were revised to incorporate changes in baseline eGFR and serum creatinine through the acute

phase of the iliness, using the most recently available measure through the 30-day period after a positive test.

We finally examined differences in the intra-individual trajectory of eGFR starting from 30-days after T, by
severity of the acute infection using linear mixed models. Analyses were conducted in those who had at least
two measurements of eGFR during this follow-up period to enhance characterization of intra-individual eGFR
change. Trajectories were compared to that of the VHA user group (control). Models were weighted by the
stabilized inverse probably of group membership, as previously described. Individual level random intercepts
were included. Differences in the trajectory of eGFR were examined by an interaction between the COVID-19
group and time; differences in the linear slope of eGFR are presented. We additionally examined potential non-
linear changes, including a quadratic time term (identified by improvement by Akaike Information Criterion).
Differences in the trajectory of eGFR as compared to the control group starting from day 30 over the course of
a year are plotted with 95% CI obtained through bootstrap. Differences in trajectories by AKI status during the

acute phase of the illness were also assessed. Estimates of all risks, excess burdens, and eGFR trajectories
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were additionally generated in weighted models that only incorporated the pre-defined covariates in the

modeling of the propensity score.

In order to examine the robustness of results to study design specifications we examined a set of positive and
negative outcome controls(28). We examined the association of COVID-19 with positive outcome controls of
all-cause mortality and hospitalization, where based on prior evidence we would expect to see an
association(21, 29). Positive outcome controls may be employed to detect the presence of latent biases that
may result in the absence of associations where one would be expected. We also examined the association of
COVID-19 status with negative outcome controls including being fitted or having an adjustment of casts or
bandages, and atopic dermatitis. Negative outcome control may be employed to detect the presence of latent

biases that result in spurious associations where none would be expected.

Statistical tests were two sided, where a 95% confidence interval that did not contain unity or a p-value less
that 0.05 was considered evidence of an association. Imputation was done using fully conditional specification.
Analyses were conducted using SAS Enterprise Guide version 8.2 (SAS Institute, Cary, NC), and results were
visualized using R version 4.0.4(30). This study was approved by the Institutional Review Board of the

Department of Veterans Affairs St Louis Health Care System, Saint Louis, MO.

Results

There were 1,726,683 US Veterans in the cohort overall; 89,216 (5.2%) and 1,637,467 (94.8%) were in the
COVID-19 and VHA users (control) group, respectively (Table 1). Median follow-up time was 164 days
(interquartile range: 127-268) in those with COVID-19, and 172 days (133-282) in the VHA user group (Table
1). Compared to VHA users (control group), those with COVID-19 were more likely to be younger, of Black
race, living in long term care, and had a higher comorbidity burden including higher rates of chronic lung
disease, diabetes, and cardiovascular disease, and higher rates of being prescribed medications including

proton pump inhibitors and nonsteroidal anti-inflammatory drugs (Table 1). Median time to outcomes of AKI,
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eGFR decline 230%, eGFR decline 240%, eGFR decline 250%, ESKD, and MAKE by COVID-19 status and

intensity of care are provided in Supplemental Table 1.

Risks and burdens of post-acute COVID-19 kidney outcomes

Assessment of covariate balance after application of inverse probability weighting suggested that in overall
cohort predefined covariates, high dimensional covariates selected by our algorithm, and those not selected

were balanced (Supplemental Figure 2 and Supplemental Table 2).

After adjustment for baseline characteristics, beyond the acute illness and compared to VHA users, 30-day
survivors of COVID-19 exhibited a higher risk of AKI (aHR=1.94 (95%CI: 1.86-2.04)), eGFR decline 230%
(1.25 (1.14-1.37)), eGFR decline 240% (1.44 (1.37-1.51)), eGFR decline 250% (1.62 (1.51-1.74)), ESKD (2.96

(2.49-3.51)), and MAKE (1.66 (1.58-1.74)) (Figure 1).

Among 30-day survivors of COVID-19, and beyond the first 30 days of iliness, excess burden of several kidney
outcomes was evident in the post-acute phase of COVID-19 including AKI (11.50 (95%CI: 10.91, 12.07)) per
1000 persons at 6 months, eGFR decline 230% 10.37 (9.11, 11.59), eGFR decline 240% 6.95 (6.14, 7.72),
eGFR decline 250% (4.74 (4.20, 5.24)), ESKD (1.46 (1.32, 1.57)), and MAKE (9.71(8.99, 10.40) (Figure 1).

Results were consistent in models only adjusting for the predefined covariates (Supplemental Table 3).

Post-acute COVID-19 kidney outcomes by severity of the acute infection

We then further examined the risks and burdens of post-acute kidney outcomes by the severity of disease
during the acute phase of the infection (non-hospitalized, hospitalized, and admitted to intensive care).
Assessment of covariate balance after application of weights suggested covariates were well balanced
(Supplemental Figure 3 and Supplemental Table4-9). Compared to VHA users (control group), the risks and
burdens of post-acute COVID-19 kidney outcomes increased according to the severity of the acute infection

among those with COVID-19 (Figure 2). Pairwise comparisons between all four mutually exclusive groups are
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provided in Supplemental Table 10. Results were consistent in models only adjusting for the predefined

covariates (Supplemental Tables 11a-b).

Post-acute COVID-19 kidney outcomes by occurrence of AKI during the acute phase

In consideration of changes in kidney function that may have occurred during the acute phase of the iliness, we
assessed the risks and burden of post-acute kidney outcomes (AKI, ESKD, and MAKE) in those who had
COVID-19 and were not hospitalized, those who were hospitalized but did not have an AKI, and those who
were hospitalized and had an AKI during the acute phase of the infection. Assessment of covariate balance
after application of weighting suggested that covariates were well balanced (Supplemental Tables 12-17,
Supplemental Figure 4). Compared to VHA users (control group), a gradient was evident in that risks (and
associated burdens) increased across the three examined COVID-19 groups from non-hospitalized individuals
to those who were hospitalized with no evidence of an AKI, and risk was highest in people who were
hospitalized and had an AKI during the acute phase of the COVID-19 infection (Figure 3, Supplemental Table
18). Compared to those who were hospitalized and did not have an AKI during the acute phase, the risk of
post-acute kidney outcomes (AKI, ESKD, and MAKE) was higher in those who were hospitalized and had an
AKI during the acute phase of the infection (Supplemental Table 18). Results were consistent in models only

adjusting for the predefined covariates (Supplemental Tables 19a-b).

Post-acute COVID-19 eGFR trajectories

We built linear mixed models to characterize post-acute COVID-19 eGFR trajectories of 30-day survivors of
COVID-19 who had at least two measurements of serum creatinine during follow-up (n=373,151). Adjusted
analyses of intra-individual change in eGFR suggested that compared to VHA users (control group with eGFR
slope of -0.49 (-0.57, -0.42) ml/min/1.73m?2 per year, COVID-19 was associated with an excess eGFR decline
of -3.26 (95% CI: -3.58, -2.94) ml/min/1.73m? per year in those who were not hospitalized, -5.20 (-6.24, -4.16)
ml/min/1.73m? per year in those who were hospitalized, and -7.69 (-8.27, -7.12) ml/min/1.73m? per year in

those who were admitted to intensive care during the acute phase of COVID-19 infection. Non-linear
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trajectories suggested that as follow-up progressed, the rate of excess decline in eGFR attenuated (Figure 4).
Additional examination of eGFR trajectories by AKI status during the acute phase suggested a steeper decline
in eGFR in those who had an AKI during the acute phase of the illness (Figure 5). Adjusted analyses of intra-
individual change in eGFR by AKI status suggested that compared to the VHA users, COVID-19 was
associated with an excess eGFR decline of -3.30 (-3.62, -2.99) ml/min/1.73m? per year in those not
hospitalized, -5.27 (-5.86, -4.68) ml/min/1.73m? per year in those hospitalized without an AKI, and -8.41 (-9.72,
-7.10) ml/min/1.73m? per year in those hospitalized with an AKI. Results were consistent in models only

adjusting for the predefined covariates (Supplemental Figures 5-6).

Positive and Negative Outcome Controls

In order to test for potential presence of latent biases, we conducted analyses of positive and negative
outcome controls, where based on prior evidence, one would expect to observe an association (positive
controls) or the absence of an association (negative controls). Analyses suggested an association of COVID-
19 with an increased risk and excess burden of positive outcome controls including all-cause mortality
(HR=1.76; 95%CI=1.66-1.87) and hospitalization (1.77; 1.72-1.81) after 30 days following testing positive for
COVID-19 (Supplemental Table 20). No evidence of an association was observed with negative outcome
controls including fitting or adjustment of casts and bandages (HR=0.97; 95%CIl= 0.89-1.06), and atopic

dermatitis (0.99; 0.83-1.18).

Discussion:

In this work, we characterize post-acute kidney outcomes in a cohort of 89,216 30-day survivors of COVID-19.
The results show that beyond the first 30 days of infection, COVID-19 survivors exhibited increased risk (and
burden) of AKI, eGFR decline, ESKD, and MAKE. The risks (and burdens) of kidney outcomes increased
according to the severity of the acute infection. While AKI during the acute phase contributed to the increased

risk of post-acute kidney outcomes, our analyses also suggest that increased risk of post-acute kidney

Journal of the American Society of Nephrology



oNOYTULT D WN =

Page 14 of 71

Copyright 2021 by ASN, Published Ahead of Print on 9/1/21, Accepted/Unedited Version

outcomes was evident even among those who did not experience AKI in the acute phase. Examination of intra-
individual longitudinal change in eGFR suggested that COVID-19 survivors experienced greater loss of eGFR
than non-infected controls and that eGFR loss was more profound as the severity of the acute COVID-19
infection increased. Taken together, these results suggest that beyond the acute phase of COVID-19 infection,
people with COVID-19 experience higher risk adverse kidney outcomes. Post-acute care of people with

COVID-19 should involve attention and care for acute and chronic kidney disease.

The implications of our findings are clear. Given the large number of people infected with COVID-19 (>34
million people in the US, and > 193 million globally), and given that estimates by the World Health Organization
suggest that 10% of people infected with COVID-19 may experience post-acute sequelae, the numbers of
people with long COVID in need of post COVID care will likely be staggering and will present substantial strain
on already overwhelmed health systems. Governments and health systems around the world are establishing
post-acute COVID clinics to attend to the needs of people with post-acute COVID sequelae. The optimal
composition of those clinics is not yet clear. The higher risks of adverse kidney outcomes reported in this study
highlights the need for integration of kidney care as a component of the multidisciplinary post-acute COVID

care. Our estimates of burden of kidney sequelae may also be useful to inform capacity planning.

While our analyses suggest that AKI during the acute phase contributes to the increased risk of post-acute
kidney outcomes (in that the risk of post-acute kidney outcomes was higher in those hospitalized with an AKI
than those hospitalized without an AKI during the acute phase of the infection), it is also evident that the risk
was increased in those who did not experience an AKI during the acute phase. Furthermore, our analyses of
risks and burdens of post-acute kidney outcomes by care setting of the acute infection highlight two key
messages: (1) that the risk and associated burden of post-acute kidney outcomes was evident even among
individuals whose acute disease was not severe enough to necessitate hospitalization (this will likely have

broad implications because this group represents the majority of people with COVID-19) and (2) that the risk
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and associated burden increased across the severity spectrum of the acute COVID-19 infection (from non-

hospitalized to hospitalized individuals, to those admitted to intensive care).

The mechanism or mechanisms of increased risk of acute kidney injury, eGFR decline, ESKD, and MAKE in
the post-acute phase of COVID-19 infection are not clear. While initial observations suggested that SARS-
CoV-2 may have kidney tropism, more recent evidence does not endorse the earlier assessment(31). Other
potential explanations include dysregulated immune response or autoimmunity, persistent inflammation,
disturbances in endothelial function and the coagulation system, and disturbances in the autonomic nervous
system. Mechanisms related to changes in the broader economic and social conditions in the context of the
global pandemic that may have differentially impacted people with COVID-19 may be also at play(32-38). A
deeper understanding of the mechanistic and epidemiologic drivers of the post-acute kidney sequelae of
SARS-CoV-2 infection (and more broadly the entire spectrum of post-acute sequelae of SARS-CoV-2) is

urgently needed to help inform care strategies.

This study has several strengths. To build our cohort, we capitalized on the breadth and depth of the electronic
health databases of the US Department of Veterans Affairs which operates the largest nationally integrated
healthcare delivery system in the US. We broadened our covariate specification approach to include a set of
29 predefined variables selected based on prior evidence as well as 100 algorithmically selected variables
from several VA high dimensional data domains including diagnostic codes, prescription records, and
laboratory test results. We evaluated several kidney outcomes including AKI, eGFR decline, the terminal
endpoint of ESKD, as well assessing intra-individual longitudinal changes in eGFR. Our outcomes (for AKI,
eGFR decline, and longitudinal eGFR changes) were defined based on laboratory values rather than relying on
ICD codes. We tested for potential presence of spurious biases by applying positive and negative outcome
controls. We not only provided estimates of risks on the ratio scale (hazard ratios), but also reported estimates

of excess burden per 1000 persons due to COVID-19 on the absolute scale; this measure additionally reflects
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the contribution of baseline risk and provides a useful estimate of potential harm and would be more easily

understood by a broader public than relative risk (e.g. hazard ratio).

This study has several limitations. The demographic and health characteristics of our VA cohort (older white
males) may limit generalizability of the findings. Although we adjusted (through weighting) for both predefined
and algorithmically selected high dimensional covariates, and although covariate balance assessment
suggested small standardized mean differences even in the covariates that were not directly included in the
propensity score model, residual confounding may not be completely ruled out. Our datasets did not include
individual data on urine measures for incorporation in AKI definitions. Although we provide estimates of risk
and excess burden by intensity of care during the acute phase of the disease (non-hospitalized, hospitalized,
and admitted to intensive care), our analyses did not adjust for other markers of severity within these
categories. Finally, as the pandemic continues to evolve, as the impact of vaccinations and new variants (e.g.
delta variant) is realized, as long-term follow-up of COVID-19 survivors extends, and as treatment strategies of
the acute disease improves, it is possible that the epidemiology of post-acute COVID-19 kidney outcomes will

change as time progresses.

In sum, we show that 30-survivors of COVID-19 exhibited higher risk of AKI, eGFR decline, ESKD, and MAKE
than those not infected by COVID-19. Greater longitudinal eGFR loss was observed in COVID-19 survivors
(compared to non-infected controls). The risk of adverse kidney outcomes increased according to the severity
of the acute infection as proxied by the care setting (non-hospitalized, hospitalized, and admitted to intensive
care). The totality of the evidence suggests that substantial risk of kidney outcomes in people with COVID-19

and highlights the need to integrate a kidney care component in post-acute COVID care pathways.
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Tables:

Table 1: Demographic and health characteristics of the overall cohort and by COVID-19 status at baseline

Characteristics

oNOYTULT D WN =

Overall

COVID-19

VHA Users

9 No. (%)

1726683

89216 (5.2%)

1637467 (94.8%)

10 Median follow-up (IQR)

172 (133-281)

164 (127-268)

172 (133-282)

12 Age, median (IQR), yr

68.5 (56.8-74.3)

65.5 (53.7-73.3)

68.7 (57.0-74.3)

13 Race, no. (%)

14 White 1267091 (73.4) 60508 (67.8) 1206583 (73.7)
12 Black 329937 (19.1) 21934 (24.6) 308003 (18.8)
17 Other 129655 (7.5) 6774 (7.6) 122881 (7.5)
18 Sex, no. (%), men 1575385 (91.2) 80399 (90.1) 1494986 (91.3)
;g ADI2, median (IQR) 55.0 (44.2-64.1) 54.6 (44.5-63.2) 55.0 (44.2-64.1)

21 Smoking status, no. (%)

22 Never smoked 915783 (53.0) 51356 (57.6) 864427 (52.8)
;i Former smoker 413037 (23.9) 22607 (25.3) 390430 (23.8)
25 Current smoker 397863 (23.0) 15253 (17.1) 382610 (23.4)
26 Long-term care 15961 (0.9) 2982 (3.3) 12979 (0.8)
;273 Clinical Characteristics

29 | eGFR (n=1672359)

g? Nledan ('72512 76.9 (61.8-90.2) 77.9 (62.5-91.7) 76.9 (61.7-90.2)
32 >90, no. (%) 425597 (25.5) 24394 (27.9) 401203 (25.3)
gi 60 to 90, no. (%) 870283 (52.0) 44182 (50.5) 826101 (52.1)
35 45 t0 60, no. (%) 232074 (14.6) 12147 (13.9) 232074 (14.6)
36 30 to 45, no. (%) 101026 (6.0) 5332 (6.1) 95694 (6.0)
37 <30, no. (%) 31232 (1.9) 1513 (1.7) 29719 (1.9)
25 [ Serum creatinine, mean (%) 111 (0.4) 1.11(0.3) 111 (0.4)

39 | (mg/dL) (n=1672359)

BMI category, no. (%) (n=1719839)

41
42 Underweight/Normal 302216 (17.6) 11485 (12.9) 290731 (17.8)
43 Overweight 598159 (34.8) 27470 (30.9) 570689 (40.0)
2: Obese 819464 (47.7) 50027 (56.2) 769437 (47.2)
46 Systolic blood pressure,
4, | mean (std) (mmHG) 133.2 (13.2) 133.3 (12.5) 133.2 (13.2)
4o | (n=1709598)

Diastolic blood pressure,
49 mean (std) (mmHG) 77.3(7.9) 78.0 (7.7) 77.3 (8.0)
50 | (n=1709598)
51 Number of eGFR
52| measurements in the 2- 2 (1-3) 2 (1-4) 2 (1-3)
53 years prior, median (IQR)
gfj‘ Cancer 164810 (9.5) 9487 (10.6) 155323 (9.5)
56 Cardiovascular disease 310297 (18.0) 18154 (20.4) 292143 (17.8)
57
58
59
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Cerebrovascular disease 101276 (5.9) 6397 (7.2) 94879 (5.8)
Chronic lung disease 261646 (15.2) 15530 (17.4) 246116 (15.0)
Dementia 38853 (2.3) 3366 (3.8) 35487 (2.2)
Diabetes mellitus type 2 581080 (33.7) 35120 (39.4) 545960 (33.3)
HIV 11928 (0.7) 871 (1.0) 11057 (0.7)
Peripheral artery disease 25358 (1.5) 1654 (1.9) 23704 (1.5)

Medications

ACE/ARB 682651 (39.5) 38337 (43.0) 644314 (39.4)
Antibiotics 109706 (6.4) 8169 (9.2) 101537 (6.2)
Antivirals 51059 (3.0) 3629 (4.1) 47430 (2.9)

Aspirin 257708 (14.9) 16475 (18.5) 241233 (14.7)
Beta-blockers 519867 (30.1) 29506 (33.1) 490361 (30.0)
Chemotherapeutic agents 19144 (1.1) 1151 (1.3) 17993 (1.1)

Diuretics 244845 (14.2) 14364 (16.1) 230481 (14.1)
Immunosuppressants 21488 (1.2) 1322 (1.5) 20166 (1.2)

NSAIDs 546424 (31.7) 35616 (39.9) 510808 (31.2)
PPI 495026 (28.7) 30583 (34.3) 46443 (28.4)

aADI is a measure of socioeconomic disadvantage, with a range from low to high disadvantage of 0 to 100.

IQR, interquartile range; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration
rate; ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-

inflammatory drugs; PPI, proton pump inhibitor.
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Figure Legends

Figure 1: Risk and excess burden of post-acute COVID-19 kidney outcomes at 6 months.

Incident rate per Incident rate per
al e Excess burden per 1000

Outcome 1000 person-years 1000 person-years HR (95% ClI)
- 95% CI
in COVID-19 in VHA users BeESOnTyeRmN SRl
1 ol
AKI - KDIGO 59 38 2556 1.94 (1.86-2.04) 11.50 (10.91-12.07)
y b L]
eGFR decline 230% 100.45 70.13 1.25(1.14-1.37) 10.37 (9.11-11.59)
eGFR decline = 40% 50 66 3109 144 (1.37-1.51) - 695 (6 14-772)
eGFR decline 250% 28 61 15.06 162(151-1.74) 7 ted 474 (420-524)
ESKD 465 143 296 (249351) —e— 1.46 (1.32-1.57)
MAKE 57 88 3160 166 (158-1.74) T 971 (8.99-10 40)
08 1 2 3 A

Hazard ratio (95% Cl)

COVID-19 participants were compared to users of the Veteran Health Administration healthcare system with
no record of a positive COVID-19 test (control group). Outcomes were ascertained starting from 30 days after
the participants COVID-19 positive test through end of follow-up. Unadjusted incident rates in the COVID-19
and VHA users per 1000 person-years, hazard ratios, and excess burden per 1000 persons at 6 months are
provided. Hazard ratios and corresponding 95% confidence intervals are plotted. Major adverse kidney events
(MAKE) was defined as a composite of eGFR decline 250%, end-stage kidney disease, or all-cause mortality.
All models were adjusted for a set of 29 predefined variables and 100 variables selected by a high dimensional

variable selection algorithm.
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Figure 2: Risk and excess burden of post-acute COVID-19 kidney outcomes at 6 months in mutually
exclusive cohorts of Veterans with non-hospitalized COVID-19, hospitalized COVID-19, and those
admitted to intensive care with COVID-19 during the first 30 days (acute phase) of the infection.

Incident rate per

Care Setting
- Non-hospitalized

Excess burden per

Outcome Care Setting 1000 oy s HR (95% CI) e Hospitalized 1000 persons-years
- IcU (95% CI)

Non-hospitalized 2946 1.30 (1.21-1.39) . 3.17 (2.39-3.90)
AKI Hospitalized 185.10 5.35(4.85-5.90) | i 4521 (44.43-45.94)
ICU 244 54 8.24 (7.13-9.52) T4.19 (73.41-74.92)

(= 2l

Non-hospitalized 7260 1.09 (1.04-1.14) " 3.01(1.48-4.47)
eGFR decline 230% Hospitalized 22045 2.35(2.16-2.55) | W 4471 (43.18-46.18)
ICU 27578 3.21(2.82-3.66) - 7223 (70.70-73.70)

Non-hospitalized 3222 1.12 (1.05-1.20) . 1.81(0.78-2.78)
eGFR decline 240% Hospitalized 122.26 290 (2.59-3.24) ] ol 27.72 (26.69-28.69)
ICU 184 .30 470 (4.02-547) i 53.23 (52.20-54.20)

Non-hospitalized 15.81 1.13 (1.02-1.24) i 0.90 (0.17-1.56)
eGFR decline 250% Hospitalized 7316 3.64 (3.14-4.21) . . 18.44 (17.72-19.10)
ICU 124 95 6.63 (5.52-7.97) o 39.02 (38.29-39.68)

Non-hospitalized 252 215 (1.67-2.77) ! 0.78 (0.58-0.93)

ESKD Hospitalized 12.44 572(3.98-8.23) J Lol 3.20 (3.01-3.35)

ICU 2097 1326 (8 28-21 23) P 829 (8.09-8 44)

Non-hospitalized 30.63 1.15(1.07-1.23) [ 2.01(1.03-2.93)
MAKE Hospitalized 157.61 3.37(3.04-3.73) - 31.92 (30.94-32.84)
ICU 267.75 7.02 (6.15-8.00) . 79.13 (78.15-80.05)

06 1 3 5 10 20

COVID-19 participants were compared to users of the Veteran Health Administration healthcare system with
no record of a positive COVID-19 test (control group). Outcomes were ascertained starting from 30 days after
the participants COVID-19 positive test through end of follow-up. Unadjusted incident rates per 1000 person-
years, hazard ratios, and excess burden per 1000 persons at 6 months are provided for each COVID-19 group
(non-hospitalized, hospitalized, and those admitted to intensive care during the acute phase of the infection).
Hazard ratios and corresponding 95% confidence intervals are plotted. Major adverse kidney events (MAKE)
was defined as a composite of eGFR decline 250%, end-stage kidney disease, or all-cause mortality. All

models were adjusted for a set of 29 predefined variables and 100 variables selected by a high dimensional

variable selection algorithm.

Hazard ratio (95% CI)
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9 phase) of the infection.

12

13 Outcome Acute phase status
14

15

1 ? Non-hospitalized
18 AKI Hospitalized no AKI
19 Hospitalized with AKI
20

21 Non-hospitalized
22 ESKD Hospitalized no AKI
23 Hospitalized with AKI
24

25 Non-hospitalized
;? MAKE Hospitalized no AKI
28 Hospitalized with AKI
29

30

31

Incident rate

32.35
213.56
462.41

2.52
5.68
49.99

25.47
118.68
289.00

HR (95% CI)

123 (119, T32)
5.22 (4.73, 5.75)
11.26 (9.67, 13.12)

1.83 (1.43, 2.34)
2.66 (1.72, 4.12)
8.98 (6.03, 13.37)

1.09 (1.01, 1.18)
2.76 (2.43, 3.13)
8.05 (6.68, 9.69)

Acute phase status

-# Non-hospitalized

-8 Hospitalized no AKI
- Hospitalized with AKI

e

06 1 3 5 10

Hazard ratio (95% CI)

20

Figure 3: Risk and excess burden of post-acute COVID-19 kidney outcomes at 6 months in mutually
exclusive cohorts of Veterans with non-hospitalized COVID-19, hospitalized COVID-19 with no
evidence of an AKI, and those hospitalized with COVID-19 with an AKI during the first 30 days (acute

Excess burden per
1000 persons-years
(95% ClI)

3.23 (2.03, 4.51)
57.9 (51.45, 64.95)
135.06 (115.35, 157.47)

0.67 (0.35, 1.08)
1.33(0.58, 2.51)
6.39 (4.03, 9.89)

1.12 (0.08, 2.24)
21.35 (17.37, 25.86)
82.84 (67.37, 101.12)

3 COVID-19 participants were compared to users of the Veteran Health Administration healthcare system with

33 no record of a positive COVID-19 test (control group). Outcomes were ascertained starting from 30 days after

35 the participants COVID-19 positive test through end of follow-up. Unadjusted incident rates per 1000 person-

years, hazard ratios, and excess burden per 1000 persons at 6 months are provided for each COVID-19 group

38  (non-hospitalized, hospitalized without an AKI, and hospitalized with an AKI during the acute phase of the

infection). Hazard ratios and corresponding 95% confidence intervals are plotted. Major adverse kidney events

41 (MAKE) was defined as a composite of eGFR decline 250%, end-stage kidney disease, or all-cause mortality.

43 All models were adjusted for a set of 29 predefined variables and 100 variables selected by a high dimensional

variable selection algorithm.
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Figure 4: Excess decline in eGFR in post-acute COVID-19.
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Figure 5: Excess decline in eGFR in post-acute COVID-19 by AKI status during the acute phase of the

iliness.
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47  positive test. Bands represent the 95% CI.
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Supplemental Table 1: Median time to outcomes (days) in the VHA user group, those with COVID-19, and

those with COVID-19 that were non-hospitalized, hospitalized, and admitted to the ICU.

COVID-19
Outcome VHA COVID-19 non- coviD-19 | COVID-19
Users H 1 Hospitalized ICU
ospitalized
Median time to outcome (IQR) (days)
AKI 106 84 107 75 48
(67-166) (45-1467) (65-174) (41-136) (32-110)
eGFR 106 98 107 85 68
decline 30 (67-167) (55-158) (67-169) (44-146) (35-127)
eGFR 109 95 109 85 59
decline 40 (69-172) (52-160) (69-175) (43-144) (35-123)
eGFR 112 92 114 81 56
decline 50 (70-176) (46-161) (70-182) (40-144) (35-122)
ESKD 112 92 108 88 54
(73-176) (57-146) (77-160) (60-151) (36-110)
MAKE 134 99 119 94 62
(86-208) (56-164) (78-192) (54-155) (37-117)

AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse
kidney events; IQR, inter-quartile range.
Time to outcomes were assessed as days from T,.
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Supplemental Table 2: Characteristics and standardized mean differences of predefined covariates between COVID-19 and VHA user groups

before and after weighting.

Before Weighting

After Weighting

Characteristics COVID-19 VHA Users Mi;"g?f’fg:ﬁ‘ie COVID-19 VHA Users Mi;"g?f’fg:ﬁ‘ie
Age, mean (std), yr 65.5 (14.3) 68.7 (14.3) 0.152 66.0 (12.6) 66.1 (13.2) 0.008
Race, no. (%)

White 60508 (67.8) 1206583 (73.7) 0.129 47542 (71.6) 891316 (72.1) 0.012

Black 21934 (24.6) 308003 (18.8) 0.141 13830 (20.8) 251888 (20.4) 0.011

Other 6774 (7.6) 122881 (7.5) 0.003 5055 (7.6) 93361 (7.6) 0.002
Sex, no. (%), men 80399 (90.1) 1494986 (91.3) 0.041 60675 (913) | 1133559 (91.7) 0.012
ADI, mean (std) 54.6 (15.1) 55.0 (15.6) 0.006 53.7 (14.8) 53.7 (15.7) <0.001
Smoking status, no. (%)

Never smoked 51356 (57.6) 864427 (52.8) 0.096 34190 (51.5) 637944 (51.6) 0.002

Former smoker 22607 (25.3) 390430 (23.8) 0.035 16527 (24.9) 306545 (24.8) 0.002

Current smoker 15253 (17.1) 382610 (23.4) 0.157 15710 (23.7) 292077 (23.6) 0.001
Long-term care 2982 (3.3) 12979 (0.8) 0.180 757 (1.1) 12118 (1.0) 0.016
Clinical Characteristics
(erfiﬁg'?geg; (std) (ml/min/1.73m?) 77.9 (21.5) 76.9 (21.1) 0.046 74.9 (20.1) 74.9 (21.1) <0.001
BMI (std) (n=1719839) 32.4 (6.4) 31.3 (6.1) 0.006 313 (5.8) 318 (6.2) 0.003
(Srgfgﬂg)b('gg;’;ggggg;e’ mean (std) | 433 3 (12.5) 133.2 (13.2) 0.008 134.0 (12.3) 134.1 (13.1) 0.006
(Ds'tzs)t?#fnt’k'%’)d(ﬁg?(;ggég;ea” 78.0 (7.7) 77.3 (8.0) 0.096 77.5 (7.5) 77.5(7.9) 0.002
{\rl\:rgb;é;rfse;%? :g:ﬁ”(;etg;e”ts in 2.0 (6.1) 2.0 (4.1) 0.208 3.0 (4.6) 3.0 (4.6) 0.029
Cancer 9487 (10.6) 155323 (9.5) 0.038 7287 (11.0) 130705 (10.6) 0.013
Cardiovascular disease 18154 (20.4) 202143 (17.8) 0.064 14408 (21.7) 262275 (21.2) 0.012
Cerebrovascular disease 6397 (7.2) 94879 (5.8) 0.056 4690 (7.1) 84705 (6.9) 0.008
Chronic lung disease 15530 (17.4) 246116 (15.0) 0.065 11791 (17.8) 210711 (17.0) 0.019
Dementia 3366 (3.8) 35487 (2.2) 0.094 1641 (2.5) 29307 (2.4) 0.007

Journal of the American Society of Nephrology




oNOYTULT D WN =

Copyright 2021 by ASN, Published Ahead of Print on 9/1/21, Accepted/Unedited Version

Page 34 of 71

Diabetes mellitus type 2 35120 (39.4) 545960 (33.3) 0.126 25933 (39.0) 479787 (38.8) 0.005
HIV 871 (1.0) 11057 (0.7) 0.033 518 (0.8) 9398 (0.8) 0.002
Peripheral artery disease 1654 (1.9) 23704 (1.5) 0.031 1242 (1.9) 22135 (1.8) 0.006
Medications

ACE/ARB 38337 (43.0) 644314 (39.4) 0.074 34609 (52.1) 647466 (52.4) 0.005
Antibiotics 8169 (9.2) 101537 (92.6) 0.111 5879 (8.9) 104119 (8.4) 0.015
Antivirals 3629 (4.1) 47430 (2.9) 0.064 2690 (4.1) 48473 (3.9) 0.007
Aspirin 16475 (18.5) 241233 (14.7) 0.101 13418 (20.2) 244593 (19.8) 0.011
Beta-blockers 29506 (33.1) 490361 (30.0) 0.067 26803 (40.4) 493142 (39.9) 0.010
Chemotherapeutic agents 1151 (1.3) 17993 (1.1) 0.017 1016 (1.5) 18178 (1.5) 0.005
Diuretics 14364 (16.1) 230481 (14.1) 0.056 12535 (18.9) 232227 (18.8) 0.002
Immunosuppressants 1322 (1.5) 20166 (1.2) 0.022 1149 (1.7) 20403 (1.7) 0.006
NSAIDs 35616 (39.9) 510808 (31.2) 0.183 28252 (42.5) 518368 (41.9) 0.012
PPI 30583 (34.3) 46443 (28.4) 0.128 25668 (38.6) 469647 (38.0) 0.014

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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1

2

3

4 Supplemental Table 3: Risk and excess burden of post-acute COVID-19 adverse kidney events in models
Z adjusted for only predefined covariates.

; Outcome HR (95% CI) Excess Burden per 1000

9 persons? (95% Cl)

10 AKI 1.80 (1.71-1.89) 37.52 (37.12-37.89)

11 eGFR decline 2 30% 1.27 (1.23-1.32) 31.54 (30.45-32.60)

12 eGFR decline 2 40% 1.40 (1.33-1.47) 21.17 (20.54-21.78)

13 eGFR decline 2 50% 1.54 (1.44-1.65) 14.41 (14.03-14.77)

14 ESKD 2.52 (2.14-2.98) 5.30 (5.23-5.35)

15 | MAKE 1.54 (1.47-1.62) 28.21 (27.68-28.72)

1? Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic
18 and diastolic blood pressure, body mass index, and history of cancer, cardiovascular disease,
19 cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral

20 artery disease, angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers,

2 antibiotics, anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic agents,

22 diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors,
23 residence at a long-term care facility, and the number of eGFR measurements in the year

24 prior to T.

25 aBurden estimated at 6 months following a COVID-19 positive test.

26 AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney

27 outcomes; eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval
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Supplemental Table 4: Characteristics and standardized mean differences of predefined covariates by COVID-19 non-hospitalized

and VHA user groups before and after weighting.
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Before Weighting

After Weighting

Standardized

ifference

Age, mean (std), yr 61.8 (14.4) 68.7 (14.3) 0.242 66.1 (12.7) 66.1 (13.2) 0.002
Race, no. (%)

White 50235 (69.1) 1206583 (73.7) 0.102 39079 (71.7) 891436 (72.1) 0.008

Black 17021 (23.4) 308003 (18.8) 0.113 11289 (20.7) 252276 (20.4) 0.008

Other 5438 (7.5) 122881 (7.5) 0.001 4131 (7.6) 93457 (7.6) 0.001
Sex, no. (%), men 64816 (89.2) 1494986 (91.3) 0.072 49834 (914) | 1134069 (91.7) 0.009
ADI, mean (std) 535 (15.2) 55.0 (15.6) 0.008 53.8 (14.9) 53.7 (15.7) 0.001
Smoking status, no. (%)

Never smoked 42506 (58.5) 864427 (52.8) 0.115 27987 (51.4) 638325 (51.6) 0.005

Former smoker 18011 (24.8) 390430 (23.8) 0.022 13577 (24.9) 306751 (24.8) 0.003

Current smoker 12177 (16.8) 382610 (23.4) 0.166 12935 (23.7) 292092 (23.6) 0.003
Long-term care 1419 (2.0) 12979 (0.8) 0.100 649 (1.2) 12267 (1.0) 0.019
Clinical Characteristics
?ﬁﬁ';;g‘g; (std) (ml/min/1.73m?) 78.5 (21.1) 76.9 (21.1) 0.110 74.8 (20.2) 74.9 (21.1) 0.004
BMI (std) (n=1719839) 32.4 (6.2) 31.3 (6.1) 0.006 315 (5.8) 31.8 (6.2) 0.002
(Srgfr:ﬂg)b('ggg’fgggggge’ mean (std) | 433 1 (12.4) 133.2 (13.2) 0.008 134 (12.4) 134.1 (13.1) 0.007
(Ds'tzs)t‘(’#fnﬂcg)d(ﬁgfgggég‘)ea” 78.3(7.7) 77.3(8.0) 0.135 77.4 (7.5) 77.5(7.9) 0.006
mir';b;;;r‘;eﬁlif rr:eegﬁu(rsig;e”ts in 3.0 (4.4) 2 (4.1) 0.085 3.2 (4.6) 3.0 (4.6) 0.032
Cancer 6838 (9.4) 155323 (9.5) 0.003 5972 (11.0) 130787 (10.6) 0.013
Cardiovascular disease 12879 (17.7) 202143 (17.8) 0.003 11794 (21.6) 262601 (21.2) 0.010
Cerebrovascular disease 4272 (5.9) 94879 (5.8) 0.004 3856 (7.1) 84812 (6.9) 0.008
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Chronic lung disease 11218 (15.4) 246116 (15.0) 0.011 9671 (17.7) 210951 (17.1) 0.018
Dementia 1929 (2.7) 35487 (2.2) 0.031 1389 (2.6) 29385 (2.4) 0.011
Diabetes mellitus type 2 27030 (37.2) 545960 (33.3) 0.080 21273 (39.0) 480172 (38.8) 0.004
HIV 669 (0.9) 11057 (0.7) 0.027 419 (0.8) 9378 (0.8) 0.001
Peripheral artery disease 1065 (1.5) 23704 (1.5) 0.002 1036 (1.9) 22168 (1.8) 0.008
Medications

ACE/ARB 30364 (41.8) 644314 (39.4) 0.049 28411 (52.1) 647771 (52.4) 0.005
Antibiotics 6008 (8.3) 101537 (92.6) 0.080 4755 (8.7) 104308 (8.4) 0.011
Antivirals 3015 (4.2) 47430 (2.9) 0.068 2179 (4.0) 48517 (3.9) 0.004
Aspirin 12083 (16.6) 241233 (14.7) 0.052 11008 (20.2) 244861 (19.8) 0.010
Beta-blockers 22427 (30.9) 490361 (30.0) 0.020 22005 (40.4) 493494 (39.9) 0.010
Chemotherapeutic agents 889 (1.2) 17993 (1.1) 0.011 835 (1.5) 18237 (1.5) 0.005
Diuretics 11196 (15.4) 230481 (14.1) 0.037 10249 (18.8) 232452 (18.8) 0.001
Immunosuppressants 1059 (1.5) 20166 (1.2) 0.020 941 (1.7) 20434 (1.7) 0.006
NSAIDs 29329 (40.4) 510808 (31.2) 0.192 23082 (42.4) 518859 (42.0) 0.008
PPI 24341 (33.5) 46443 (28.4) 0.111 21016 (38.6) 470163 (38.0) 0.011

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 5: Characteristics and standardized mean differences of predefined covariates by COVID-19 hospitalized and

VHA user groups before and after weighting.
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Before Weighting

After Weighting

Standardized

Sharacteristics Hgg;x:gl-ilgd VHA Users Mse;ngiaf;::iiie Hgg.gﬁgu}zd VHA Users oi Mean
ifference

Age, mean (std), yr 68.7 (12.8) 68.7 (14.3) 0.255 66.7 (6.8) 66.1 (13.2) 0.045
Race, no. (%)

White 7715 (62.3) 1206583 (73.7) 0.245 1999 (69.4) 891436 (72.1) 0.058

Black 3666 (29.6) 308003 (18.8) 0.254 648 (22.5) 252276 (20.4) 0.051

Other 995 (8) 122881 (7.5) 0.020 232 (8.1) 93457 (7.6) 0.018
Sex, no. (%), men 11656 (94.2) 1494986 (91.3) 0.111 2638 (91.7) 1134069 (91.7) 0.001
ADI, mean (std) 52.1 (15) 55.0 (15.6) 0.086 53.5 (8.1) 53.7 (15.7) 0.016
Smoking status, no. (%)

Never smoked 6607 (53.4) 864427 (52.8) 0.012 1511 (52.5) 638325 (51.6) 0.017

Former smoker 3438 (27.8) 390430 (23.8) 0.090 718 (25.0) 306751 (24.8) 0.004

Current smoker 2331 (18.8) 382610 (23.4) 0.111 649 (22.6) 292092 (23.6) 0.025
Long-term care 1214 (9.8) 12979 (0.8) 0.411 42 (15) 12267 (1.0) 0.044
Clinical Characteristics
?ﬁﬁ';;g‘g; (std) (ml/min/1.73m?) 71.3 (22.8) 76.9 (21.1) 0.221 74.2 (11.2) 74.9 (21.1) 0.033
BMI (std) (n=1719839) 32.7 (6.8) 31.3 (6.1) 0.008 31.3 (3.5) 31.8 (6.2) 0.003
(Srgfr:ﬂg)b('ggg’fgggggge’ mean (std) | 434 3 (12.5) 133.2 (13.2) 0.089 134.6 (6.7) 134.1 (13.1) 0.041
(Ds'tzs)t‘(’#fnﬂcg)d(ﬁgfgggég‘)ea” 76.8 (7.7) 77.3(8.0) 0.065 77.5 (4.1) 77.5(7.9) 0.004
mir';b;;;r‘;eﬁlif rr:eegﬁu(rsig;e”ts in 6.9 (10.2) 2.0 (4.1) 0.536 3.4 (2.8) 3.0 (4.6) 0.068
Cancer 2007 (16.2) 155323 (9.5) 0.202 339 (11.8) 130787 (10.6) 0.038
Cardiovascular disease 3867 (31.3) 292143 (17.8) 0.315 676 (23.5) 262601 (21.2) 0.054
Cerebrovascular disease 1646 (13.3) 94879 (5.8) 0.258 225 (7.8) 84812 (6.9) 0.036
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Chronic lung disease 3138 (25.4) 246116 (15.0) 0.259 552 (19.2) 210951 (17.1) 0.055
Dementia 1155 (9.3) 35487 (2.2) 0.311 85 (3.0) 29385 (2.4) 0.036
Diabetes mellitus type 2 5973 (48.3) 545960 (33.3) 0.307 1186 (41.2) 480172 (38.8) 0.049
HIV 162 (1.3) 11057 (0.7) 0.064 26 (0.9) 9378 (0.8) 0.016
Peripheral artery disease 445 (3.6) 23704 (1.5) 0.137 60 (2.1) 22168 (1.8) 0.022
Medications

ACE/ARB 5880 (47.5) 644314 (39.4) 0.165 1524 (53) 647771 (52.4) 0.012
Antibiotics 1655 (13.4) 101537 (92.6) 0.243 282 (9.8) 104308 (8.4) 0.047
Antivirals 485 (3.9) 47430 (2.9) 0.056 116 (4.0) 48517 (3.9) 0.005
Aspirin 3337 (27.0) 241233 (14.7) 0.305 628 (21.8) 244861 (19.8) 0.050
Beta-blockers 5252 (42.4) 490361 (30.0) 0.262 1213 (42.2) 493494 (39.9) 0.046
Chemotherapeutic agents 197 (1.6) 17993 (1.1) 0.043 46 (1.6) 18237 (1.5) 0.011
Diuretics 2282 (18.4) 230481 (14.1) 0.118 573 (19.9) 232452 (18.8) 0.028
Immunosuppressants 200 (1.6) 20166 (1.2) 0.033 50 (1.8) 20434 (1.7) 0.008
NSAIDs 4785 (38.7) 510808 (31.2) 0.157 1249 (43.4) 518859 (42.0) 0.029
PPI 4685 (37.9) 46443 (28.4) 0.203 1147 (39.8) 470163 (38.0) 0.037

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 6: Characteristics and standardized mean differences of predefined covariates by COVID-19 admitted to ICU

and VHA user groups before and after weighting.
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Characteristics

Before Weighting

After Weighting

Standardized

Standardized

COVID-19 ICU VHA Users Mean Difference COVID-19 ICU VHA Users o Mean
ifference

Age, mean (std), yr 68.9 (11.6) 68.7 (14.3) 0.277 67.1(20.1) 66.1 (13.2) 0.071
Race, no. (%)

White 2558 (61.7) 1206583 (73.7) 0.259 6126 (71.4) 891436 (72.1) 0.016

Black 1247 (30.1) 308003 (18.8) 0.265 1775 (20.7) 252276 (20.4) 0.007

Other 341 (8.2) 122881 (7.5) 0.027 682 (8.0) 93457 (7.6) 0.015
Sex, no. (%), men 3927 (94.7) 1494986 (91.3) 0.134 7941 (92.5) 1134069 (91.7) 0.031
ADI, mean (std) 53.0 (14.8) 55.0 (15.6) 0.023 53.2 (23.9) 53.7 (15.7) 0.036
Smoking status, no. (%)

Never smoked 2243 (54.1) 864427 (52.8) 0.026 4575 (53.3) 638325 (51.6) 0.034

Former smoker 1158 (27.9) 390430 (23.8) 0.093 2171 (25.3) 306751 (24.8) 0.012

Current smoker 745 (18) 382610 (23.4) 0.134 1837 (21.4) 292092 (23.6) 0.053
Long-term care 349 (8.4) 12979 (0.8) 0.370 150 (1.8) 12267 (1.0) 0.065
Clinical Characteristics
(eriﬁgg%%r; (std) (ml/min/1.73m?) 71.0 (22.1) 76.9 (21.1) 0.236 73.8 (33.4) 74.9 (21.1) 0.053
BMI (std) (n=1719839) 31.7 (6.8) 313 (6.1) 0.003 32.3(10.3) 31.8 (6.2) 0.003
(SrzrsT:OH'g)b('r‘]’g?%gg;;;e’ mean (std) 133.8 (12.9) 133.2 (13.2) 0.046 134.6 (20.3) 134.1 (13.1) 0.036
g‘%it?#%ﬂ%’)d(ﬁzfsggég“)ea” 76.5 (7.8) 77.3(8.0) 0.104 77.4 (12.3) 77.5(7.9) 0.014
R‘}gﬁ;‘;ﬁ;ﬁ mg:rs]‘?;ek’ge”ts in 7.2 (10.8) 2.0 (4.1) 0.558 3.5 (8.7) 3.0 (4.6) 0.082
Cancer 642 (15.5) 155323 (9.5) 0.182 1010 (11.8) 130787 (10.6) 0.038
Cardiovascular disease 1408 (34) 292143 (17.8) 0.374 2037 (23.7) 262601 (21.2) 0.060
Cerebrovascular disease 479 (11.6) 94879 (5.8) 0.206 675 (7.9) 84812 (6.9) 0.039
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Chronic lung disease 1174 (28.3) 246116 (15.0) 0.327 1693 (19.7) 210951 (17.1) 0.069
Dementia 282 (6.8) 35487 (2.2) 0.225 256 (3.0) 29385 (2.4) 0.037
Diabetes mellitus type 2 2117 (51.1) 545960 (33.3) 0.365 3519 (41) 480172 (38.8) 0.045
HIV 40 (1.0) 11057 (0.7) 0.031 58 (0.7) 9378 (0.8) 0.011
Peripheral artery disease 144 (3.5) 23704 (1.5) 0.131 150 (1.7) 22168 (1.8) 0.004
Medications

ACE/ARB 2093 (50.5) 644314 (39.4) 0.225 4684 (54.6) 647771 (52.4) 0.044
Antibiotics 506 (12.2) 101537 (92.6) 0.209 875 (10.2) 104308 (8.4) 0.061
Antivirals 129 (3.1) 47430 (2.9) 0.012 362 (4.2) 48517 (3.9) 0.015
Aspirin 1055 (25.5) 241233 (14.7) 0.270 1860 (21.7) 244861 (19.8) 0.046
Beta-blockers 1827 (44.1) 490361 (30.0) 0.296 3658 (42.6) 493494 (39.9) 0.055
Chemotherapeutic agents 65 (1.6) 17993 (1.1) 0.041 134 (1.6) 18237 (1.5) 0.007
Diuretics 886 (21.4) 230481 (14.1) 0.192 1705 (19.9) 232452 (18.8) 0.027
Immunosuppressants 63 (1.5) 20166 (1.2) 0.025 125 (1.5) 20434 (1.7) 0.015
NSAIDs 1502 (36.2) 510808 (31.2) 0.107 3609 (42.1) 518859 (42.0) 0.002
PPI 1557 (37.6) 46443 (28.4) 0.196 3399 (39.6) 470163 (38.0) 0.033

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 7: Characteristics and standardized mean differences of predefined covariates by COVID-19 non-hospitalized

and COVID-19 hospitalized groups before and after weighting.
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Before Weighting After Weighting
Characteristics COVID-19 COVID-19 Standardized COVID-19 COVID-19 Sta““::;:ized
Positive Hospitalized Mean Difference Positive Hospitalized Difference

Age, mean (std), yr 61.8 (14.4) 68.7 (12.8) 0.508 66.1 (12.7) 66.7 (6.8) 0.047
Race, no. (%)

White 50235 (69.1) 7715 (62.3) 0.143 39079 (71.7) 1999 (69.4) 0.050

Black 17021 (23.4) 3666 (29.6) 0.141 11289 (20.7) 648 (22.5) 0.044

Other 5438 (7.5) 995 (8) 0.021 4131 (7.6) 232 (8.1) 0.018
Sex, no. (%), men 64816 (89.2) 11656 (94.2) 0.182 49834 (91.4) 2638 (91.7) 0.008
ADI, mean (std) 53.5 (15.2) 52.1 (15) 0.096 53.8 (14.9) 53.5 (8.1) 0.017
Smoking status, no. (%)

Never smoked 42506 (58.5) 6607 (53.4) 0.102 27987 (51.4) 1511 (52.5) 0.023

Former smoker 18011 (24.8) 3438 (27.8) 0.068 13577 (24.9) 718 (25.0) 0.001

Current smoker 12177 (16.8) 2331 (18.8) 0.054 12935 (23.7) 649 (22.6) 0.028
Long-term care 1419 (2.0) 1214 (9.8) 0.339 649 (1.2) 42 (15) 0.025
Clinical Characteristics
?ﬁﬁ';;g‘g; (std) (ml/min/1.73m?) 78.5 (21.1) 71.3 (22.8) 0.327 74.8 (20.2) 74.2 (11.2) 0.028
BMI (std) (n=1719839) 324 (6.2) 32.7 (6.8) 0.004 315 (5.8) 313 (3.5) 0.004
(Srgfr:ﬂg)b('ggg’fgggggge’ mean (std) | 433 1 (12.4) 134.3 (12.5) 0.101 134 (12.4) 134.6 (6.7) 0.048
(Ds'tzs)t‘(’#fnﬂcg)d(ﬁgfgggég‘)ea” 78.3(7.7) 76.8 (7.7) 0.204 77.4 (7.5) 77.5 (4.1) 0.010
mir';b;;;r‘;eﬁlif rr:eegﬁu(rsig;e”ts in 3.0 (4.4) 6.9 (10.2) 0.485 3.2 (4.6) 3.4 (2.8) 0.036
Cancer 6838 (9.4) 2007 (16.2) 0.205 5972 (11.0) 339 (11.8) 0.025
Cardiovascular disease 12879 (17.7) 3867 (31.3) 0.319 11794 (21.6) 676 (23.5) 0.044
Cerebrovascular disease 4272 (5.9) 1646 (13.3) 0.254 3856 (7.1) 225 (7.8) 0.028
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Chronic lung disease 11218 (15.4) 3138 (25.4) 0.248 9671 (17.7) 552 (19.2) 0.037
Dementia 1929 (2.7) 1155 (9.3) 0.284 1389 (2.6) 85 (3.0) 0.025
Diabetes mellitus type 2 27030 (37.2) 5973 (48.3) 0.225 21273 (39.0) 1186 (41.2) 0.044
HIV 669 (0.9) 162 (1.3) 0.037 419 (0.8) 26 (0.9) 0.015
Peripheral artery disease 1065 (1.5) 445 (3.6) 0.136 1036 (1.9) 60 (2.1) 0.014
Medications

ACE/ARB 30364 (41.8) 5880 (47.5) 0.116 28411 (52.1) 1524 (53) 0.017
Antibiotics 6008 (8.3) 1655 (13.4) 0.165 4755 (8.7) 282 (9.8) 0.037
Antivirals 3015 (4.2) 485 (3.9) 0.012 2179 (4.0) 116 (4.0) 0.001
Aspirin 12083 (16.6) 3337 (27.0) 0.252 11008 (20.2) 628 (21.8) 0.040
Beta-blockers 22427 (30.9) 5252 (42.4) 0.242 22005 (40.4) 1213 (42.2) 0.036
Chemotherapeutic agents 889 (1.2) 197 (1.6) 0.031 835 (1.5) 46 (1.6) 0.006
Diuretics 11196 (15.4) 2282 (18.4) 0.081 10249 (18.8) 573 (19.9) 0.028
Immunosuppressants 1059 (1.5) 200 (1.6) 0.013 941 (1.7) 50 (1.8) 0.002
NSAIDs 29329 (40.4) 4785 (38.7) 0.035 23082 (42.4) 1249 (43.4) 0.021
PPI 24341 (33.5) 4685 (37.9) 0.092 21016 (38.6) 1147 (39.8) 0.026

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 8: Characteristics and standardized mean differences of predefined covariates by COVID-19 non-hospitalized

and COVID-19 admitted to ICU groups before and after weighting.
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Before Weighting

After Weighting

Standardized

ifference

Age, mean (std), yr 61.8 (14.4) 68.9 (11.6) 0.275 66.1 (12.7) 67.1 (201) 0.070
Race, no. (%)

White 50235 (69.1) 2558 (61.7) 0.156 39079 (71.7) 6126 (71.4) 0.008

Black 17021 (23.4) 1247 (30.1) 0.151 11289 (20.7) 1775 (20.7) 0.001

Other 5438 (7.5) 341 (8.2) 0.028 4131 (7.6) 682 (8.0) 0.014
Sex, no. (%), men 64816 (89.2) 3927 (94.7) 0.205 49834 (91.4) 7941 (92.5) 0.040
ADI, mean (std) 53.5 (15.2) 53.0 (14.8) 0.023 53.8 (14.9) 53.2 (23.9) 0.036
Smoking status, no. (%)

Never smoked 42506 (58.5) 2243 (54.1) 0.088 27987 (51.4) 4575 (53.3) 0.039

Former smoker 18011 (24.8) 1158 (27.9) 0.072 13577 (24.9) 2171 (25.3) 0.009

Current smoker 12177 (16.8) 745 (18) 0.032 12935 (23.7) 1837 (21.4) 0.056
Long-term care 1419 (2.0) 349 (8.4) 0.295 649 (1.2) 150 (1.8) 0.047
Clinical Characteristics
?ﬁﬁ';;g‘g; (std) (ml/min/1.73m?) 78.5 (21.1) 71.0 (22.1) 0.236 74.8 (20.2) 73.8 (33.4) 0.053
BMI (std) (n=1719839) 324 (6.2) 317 (6.8) 0.011 315 (5.8) 32.3 (10.3) 0.011
(Srgfr:ﬂg)b('ggg’fgggggge’ mean (std) | 433 1 (12.4) 133.8 (12.9) 0.047 134 (12.4) 134.6 (20.3) 0.036
(Ds'tzs)t‘(’#fnﬂcg)d(ﬁgfgggég‘)ea” 78.3(7.7) 76.5 (7.8) 0.106 77.4 (7.5) 77.4 (12.3) 0.014
mir';b;;;r‘;eﬁlif rr:eegﬁu(rsig;e”ts in 3.0 (4.4) 7.2 (10.8) 0.552 3.2 (4.6) 3.5 (8.7) 0.080
Cancer 6838 (9.4) 642 (15.5) 0.185 5972 (11.0) 1010 (11.8) 0.026
Cardiovascular disease 12879 (17.7) 1408 (34) 0.378 11794 (21.6) 2037 (23.7) 0.050
Cerebrovascular disease 4272 (5.9) 479 (11.6) 0.202 3856 (7.1) 675 (7.9) 0.030
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Chronic lung disease 11218 (15.4) 1174 (28.3) 0.316 9671 (17.7) 1693 (19.7) 0.051
Dementia 1929 (2.7) 282 (6.8) 0.197 1389 (2.6) 256 (3.0) 0.026
Diabetes mellitus type 2 27030 (37.2) 2117 (51.1) 0.282 21273 (39.0) 3519 (41) 0.040
HIV 669 (0.9) 40 (1.0) 0.004 419 (0.8) 58 (0.7) 0.012
Peripheral artery disease 1065 (1.5) 144 (3.5) 0.129 1036 (1.9) 150 (1.7) 0.012
Medications

ACE/ARB 30364 (41.8) 2093 (50.5) 0.175 28411 (52.1) 4684 (54.6) 0.049
Antibiotics 6008 (8.3) 506 (12.2) 0.130 4755 (8.7) 875 (10.2) 0.050
Antivirals 3015 (4.2) 129 (3.1) 0.056 2179 (4.0) 362 (4.2) 0.011
Aspirin 12083 (16.6) 1055 (25.5) 0.218 11008 (20.2) 1860 (21.7) 0.036
Beta-blockers 22427 (30.9) 1827 (44.1) 0.276 22005 (40.4) 3658 (42.6) 0.045
Chemotherapeutic agents 889 (1.2) 65 (1.6) 0.030 835 (1.5) 134 (1.6) 0.002
Diuretics 11196 (15.4) 886 (21.4) 0.155 10249 (18.8) 1705 (19.9) 0.027
Immunosuppressants 1059 (1.5) 63 (1.5) 0.005 941 (1.7) 125 (1.5) 0.022
NSAIDs 29329 (40.4) 1502 (36.2) 0.085 23082 (42.4) 3609 (42.1) 0.006
PPI 24341 (33.5) 1557 (37.6) 0.085 21016 (38.6) 3399 (39.6) 0.021

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.

Journal of the American Society of Nephrology




oNOYTULT D WN =

Copyright 2021 by ASN, Published Ahead of Print on 9/1/21, Accepted/Unedited Version

Supplemental Table 9: Characteristics and standardized mean differences of predefined covariates by COVID-19 hospitalized and

COVID-19 ICU admitted to groups before and after weighting.
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Before Weighting

After Weighting

Standardized

Characteristics - i -
COVID-19 covip-19icu | , Standardized COVID-19 COVID-19 ICU Mean
Hospitalized Mean Difference Hospitalized .
Difference
Age, mean (std), yr 68.7 (12.8) 68.9 (11.6) 0.012 66.7 (6.8) 67.1 (20.1) 0.026
Race, no. (%)
White 7715 (62.3) 2558 (61.7) 0.013 1999 (69.4) 6126 (71.4) 0.042
Black 3666 (29.6) 1247 (30.1) 0.010 648 (22.5) 1775 (20.7) 0.044
Other 995 (8) 341 (8.2) 0.007 232 (8.1) 682 (8.0) 0.004
Sex, no. (%), men 11656 (94.2) 3927 (94.7) 0.024 2638 (91.7) 7941 (92.5) 0.033
ADI, mean (std) 52.1 (15) 53.0 (14.8) 0.065 53.5(8.1) 53.2 (23.9) 0.020
Smoking status, no. (%)
Never smoked 6607 (53.4) 2243 (54.1) 0.014 1511 (52.5) 4575 (53.3) 0.016
Former smoker 3438 (27.8) 1158 (27.9) 0.003 718 (25.0) 2171 (25.3) 0.008
Current smoker 2331 (18.8) 745 (18) 0.022 649 (22.6) 1837 (21.4) 0.028
Long-term care 1214 (9.8) 349 (8.4) 0.048 42 (1.5) 150 (1.8) 0.021
Clinical Characteristics
eGFR, mean (std) (ml/min/1.73m?)
(=1672359) 71.3 (22.8) 71.0 (22.1) 0.010 74.2 (11.2) 73.8 (33.4) 0.020
BMI (std) (n=1719839) 32.7 (6.8) 31.7 (6.8) 0.015 31.3 (3.5) 32.3(10.3) 0.036
Systolic blood pressure, mean (std)
(MmHG) (n=1709598) 134.3 (12.5) 133.8 (12.9) 0.044 134.6 (6.7) 134.6 (20.3) 0.005
Diastolic blood pressure, mean
(std) (mmHG) (n=1709598) 76.8 (7.7) 76.5(7.8) 0.040 77.5(4.1) 77.4 (12.3) 0.018
Number of eGFR measurements in
the 2-years prior, mean (std) 6.9 (10.2) 7.2 (10.8) 0.028 3.4 (2.8) 3.5(8.7) 0.015
Cancer 2007 (16.2) 642 (15.5) 0.020 339 (11.8) 1010 (11.8) 0.000
Cardiovascular disease 3867 (31.3) 1408 (34) 0.058 676 (23.5) 2037 (23.7) 0.006
Cerebrovascular disease 1646 (13.3) 479 (11.6) 0.053 225 (7.8) 675 (7.9) 0.002
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Chronic lung disease 3138 (25.4) 1174 (28.3) 0.067 552 (19.2) 1693 (19.7) 0.014
Dementia 1155 (9.3) 282 (6.8) 0.093 85 (3.0) 256 (3.0) 0.001
Diabetes mellitus type 2 5973 (48.3) 2117 (51.1) 0.056 1186 (41.2) 3519 (41) 0.004
HIV 162 (1.3) 40 (1.0) 0.033 26 (0.9) 58 (0.7) 0.027
Peripheral artery disease 445 (3.6) 144 (3.5) 0.007 60 (2.1) 150 (1.7) 0.026
Medications

ACE/ARB 5880 (47.5) 2093 (50.5) 0.059 1524 (53) 4684 (54.6) 0.032
Antibiotics 1655 (13.4) 506 (12.2) 0.035 282 (9.8) 875 (10.2) 0.013
Antivirals 485 (3.9) 129 (3.1) 0.044 116 (4.0) 362 (4.2) 0.010
Aspirin 3337 (27.0) 1055 (25.5) 0.034 628 (21.8) 1860 (21.7) 0.004
Beta-blockers 5252 (42.4) 1827 (44.1) 0.033 1213 (42.2) 3658 (42.6) 0.009
Chemotherapeutic agents 197 (1.6) 65 (1.6) 0.002 46 (1.6) 134 (1.6) 0.004
Diuretics 2282 (18.4) 886 (21.4) 0.073 573 (19.9) 1705 (19.9) 0.001
Immunosuppressants 200 (1.6) 63 (1.5) 0.008 50 (1.8) 125 (1.5) 0.023
NSAIDs 4785 (38.7) 1502 (36.2) 0.050 1249 (43.4) 3609 (42.1) 0.027
PPI 4685 (37.9) 1557 (37.6) 0.006 1147 (39.8) 3399 (39.6) 0.005

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin converting

enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 10: Pairwise comparison among COVID-19 positive individuals of excess
burden of PASC kidney disease by severity of the acute COVID-19 infection
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Outcome COVID-19 non- COVID-19 non- COVID-19 hospitalized vs.
hospitalized vs. COVID hospitalized vs. COVID COVID admitted to the
hospitalized (reference) admitted to the ICU ICU (reference)

(reference)
HR (95% Excess HR (95% Excess HR (95% Excess
Cl) Burden per Cl) Burden per Cl) Burden per
1000 1000 1000
persons? persons? persons?
(95% Cl) (95% CI) (95% CI)
AKI 412 42.04 6.35 71.02 1.54 28.97
(3.66-4.64) | (35.93,48.88) | (5.41-7.45) | (58.95,84.97) | (1.3-1.83) (15.95-44.23)
eGFR decline | 2.16 417 2.95 69.23 1.37 27.52
2 30% (1.96-2.37) | (34.89,49.13) | (2.57-3.38) | (56.19,83.95) | (1.17-1.6) (12.97-44.21)
eGFR decline 51.42 25.51
2 40% 2.58 25.91 418 (41.20, 1.62 (14.06,
(2.27-2.94) | (20.85,31.36) | (3.53,4.94 | 63.37) (1.34-1.96) | 39.16)
eGFR decline | 3.23 17.55 5.89 38.12 1.82 20.57
2 50% (2.71-3.84) | (13.51,22.33) | (4.79-7.23) | (29.7,48.37) | (1.45-2.3) (11.16-32.32)
ESKD 6.16
2.66 242 (3.63- 7.51 2.32 5.09
(1.72-4.11) | (1.05,4.53) 10.45) (3.83,13.72) | (1.28-4.18) | (1.1-12.23)
MAKE 2.94 29.91 6.12 77.12 2.08 47.21
(2.6-3.31) | (24.79,35.65) | (5.28-7.09) | (64.88,91.1) | (1.77-2.46) | (33.63-62.98)

Adjusted for age, Area Deprivation Index, race,
blood pressure, body mass index, and history of cancer, cardiovascular disease, cerebrovascular disease,
chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery disease, angiotensin converting
enzyme inhibitors /angiotensin Il receptor blockers, antibiotics, anticoagulants, antivirals, aspirin, beta-
blockers, chemotherapeutic agents, diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs,
proton pump inhibitors, residence at a long-term care facility, and the number of eGFR measurements in
the year prior to Ty, as well as 100 high dimensional variables.
aBurden estimated at 6 months following a COVID-19 positive test.
AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval

sex, smoking status, baseline eGFR, systolic and diastolic
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1
2
3
4 Supplemental Table 11a: Pairwise comparison among COVID-19 positive individuals of
Z excess burden of PASC kidney disease by severity of the acute COVID-19 infection adjusting
7 for predefined covariates only.
8 Outcome COVID-19 non- COVID-19 non- COVID admitted to the
9 hospitalized vs. VHA hospitalized vs. VHA ICU vs. VHA users
10 users (reference) users (reference) (reference)

HR (95% Excess HR (95% Excess HR (95% Excess
1 Cl) Burden per Cl) Burden per Cl) Burden
12 1000 1000 per 1000
13 persons? persons? persons?
14 (95% CI) (95% Cl) (95% Cl)
15 AKI 1.28 2.59 5.26 46.1 8.34 77.25
1? (1.19- (1.65-3.60) | (4.78- (41.02- (7.30- (66.72-
18 1.37) 5.78) 51.73) 9.55) 89.12)
19 eGFR decline | 1.09 2.88 2.32 43.73 3.20 71.96
2 2 30% (1.04- (1.37-4.46) | (2.14- (37.86- (2.83- (60.19-
2 1.13) 2.51) 50.04) 3.63) 85.09)
22 eGFR decline | 1.10 1.44 2.80 26.27 4.78 54.49
23 2 40% (1.03- (0.44-2.50) | (2.51- (22.10- (4.13- (45.22-
24 1.17) 3.12) 30.91) 5.55) 65.13)
25 eGFR decline | 1.11 0.75 3.48 17.31 6.76 ( 39.73
26 2 50% (1.01- (0.07-1.50) | (3.02- (14.10- 5.68-8.05) | (32.39-
27 1.21) 4.02) 20.99) 48.41)
28 ESKD 2.01 0.69 5.36 2.96 11.91 7.41 (4.6-
29 (1.58- (0.40-1.06) | (3.81- (1.92-4.44) | (7.77- 11.69)
30 2.55) 7.52) 18.25)
31 MAKE 1.13 1.74 3.28 30.67 6.91 77.62
32 (1.06- (0.75-2.79) | (2.97- (26.61- (6.09- (67.19-
gj 1.20) 3.62) 35.13) 7.85) 89.32)
35 Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic and

diastolic blood pressure, body mass index, and history of cancer, cardiovascular disease,

36 cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery
37 disease, angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers, antibiotics,
38 anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic agents, diuretics,
39 immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, residence at a
40 long-term care facility, and the number of eGFR measurements in the year prior to T,
41 aBurden estimated at 6 months following a COVID-19 positive test.
42 AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes;
43 eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
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Supplemental Table 11b: Pairwise comparison among COVID-19 positive individuals of
excess burden of PASC kidney disease by severity of the acute COVID-19 infection adjusting
for predefined covariates only.

Outcome COVID-19 non- COVID-19 non- COVID-19 hospitalized
hospitalized vs. COVID hospitalized vs. COVID vs. COVID admitted to
hospitalized (reference) admitted to the ICU the ICU (reference)

(reference)
HR (95% Excess HR (95% Excess HR (95% Excess
Cl) Burden per Cl) Burden per Cl) Burden
1000 1000 per 1000
persons? persons? persons?
(95% Cl) (95% CI) (95% CI)
AKI 30.76
4.1 41.15 6.53 71.91 1.59 (18.24-
(3.66-4.61) | (35.35-47.65) | (5.61-7.59) | (60.42-85.09) | (1.35-1.87) | 45.31)
eGFR decline 28.23
2 30% 2.14 40.85 2.95 69.07 1.38 (14.34-
(1.95-2.34) | (34.32-47.94) | (2.59-3.36) | (56.72-82.94) | (1.19-1.60) | 44.06)
eGFR decline 28.22
2 40% 2.55 24.84 4.36 53.06 1.71 (16.93-
(2.25-2.89) | (20.08-30.20) | (3.71-5.12) | (43.07-64.65) | (1.42-2.05) | 41.60)
eGFR decline 22.43
2 50% 3.15 16.56 6.11 38.98 1.94 (13.20-
(2.66-3.72) | (12.83-20.95) | (5.02-7.43) | (30.82-48.82) | (1.55-2.43) | 33.85)
ESKD 4.44
2.67 2.28 5.93 6.72 2.22 (1.07-
(1.77-4.01) | (1.06-4.11) (3.65-9.62) | (3.62-11.72) | (1.30-3.82) | 10.20)
MAKE 46.95
2.91 28.93 6.13 75.88 2.1 (34.03-
(2.59-3.27) | (24.12-34.30) | (5.32-7.07) | (64.27-89.09) | (1.80-2.47) | 61.89)
Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic and
diastolic blood pressure, body mass index, and history of cancer, cardiovascular disease,
cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery
disease, angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers, antibiotics,
anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic agents, diuretics,
immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, residence at a
long-term care facility, and the number of eGFR measurements in the year prior to T,.
aBurden estimated at 6 months following a COVID-19 positive test.
AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval
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Supplemental Table 12: Characteristics and standardized mean differences of predefined covariates in COVID-19 non-hospitalized
and VHA user groups before and after weighting in analyses of risks by AKI status during the acute COVID-19 infection.

Before Weighting

After Weighting

Standardized

Standardized

Characteristics CPoo\giE\-/‘]eg VHA Users _Mean CPC())\inE‘-ILQ VHA Users _Mean
Difference Difference
Age, mean (std), yr 61.8 (14.4) 68.7 (14.3) 0.239 66.1 (13.3) 66.1 (13.2) 0.002
Race, no. (%)
White 50235 (69.1) 1206583 (73.7) 0.103 38991.8 (71.8) | 880045.2 (72.1) 0.008
Black 17021 (23.4) 308003 (18.8) 0.114 11232.7 (20.7) | 248039.5 (20.3) 0.008
Other 5438 (7.5) 122881 (7.5) 0.001 4119.8 (7.6) | 92224.0 (7.6) 0.001
Sex, no. (%), men 64816 (89.2) | 1494986 (91.3) 0.071 496672 (91.4) | 1118331 (91.6) 0.009
ADI, mean (std) 53.5 (15.2) 55.0 (15.6) 0.007 53.8 (15.6) 53.8 (15.6) 0.002
Smoking status, no. (%)
Never smoked 42506 (58.5) 864427 (52.8) 0.112 27992.7 (51.5) | 631099.5 (51.7) 0.004
Former smoker 18011 (24.8) 390430 (23.8) 0.022 13542.2 (24.9) | 302484.8 (24.8) 0.003
Current smoker 12177 (16.8) | 382610 (23.4) 0.163 12809.5 (23.6) | 286724.4 (23.5) 0.002
Long-term care 1419 (2.0) 12979 (0.8) 0.107 597.2(1.1) | 11122.5(0.9) 0.019
Clinical Characteristics
?n?VFnF;}] ;q‘efgnfﬁ)t‘zr)m 672350) 78.6 (21.8) 76.2 (21.2) 0.113 75.1 (21.7) 75.1 (21.1) 0.000
BMI (std) (n=1719839) 32.4 (6.2) 313 (6.1) 0.006 31.4 (6.0) 31.8 (6.2) 0.002
zﬁ;"('r'gnﬁ"f"gc; o 0oseey | 133.1(124) 133.2 (13.2) 0.007 1340 (13.0) | 134.1 (13.1) 0.007
g‘%ﬁt?#%ﬂ‘g’)d(ggfgggég‘)ea” 78.3 (7.7) 77.3(8.0) 0.134 77.4 (1.9) 77.5(7.9) 0.006
Number of eGFR
measurements in the 2-years 3.0 (4.4) 2(4.1) 0.109 3.1 (4.6) 2.9 (4.3) 0.033
prior, mean (std)
Cancer 6838 (9.4) 155323 (9.5) 0.002 5865.1 (10.8) | 127117.3 (10.4) 0.012
Cardiovascular disease 12879 (17.7) | 292143 (17.8) 0.003 11597.8 (21.3) | 255609.4 (21.0) 0.01
Cerebrovascular disease 4272 (5.9) 94879 (5.8) 0.008 3780.3 (7.0) 82279.2 (6.7) 0.009
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Chronic lung disease 11218 (15.4) 246116 (15.0) 0.016 9519.3 (17.5) | 205394.2 (16.8) 0.018
Dementia 1929 (2.7) 35487 (2.2) 0.035 1344.5 (2.5) 28168.1 (2.3) 0.01

Diabetes mellitus type 2 27030 (37.2) 545960 (33.3) 0.083 21159.3 (38.9) | 472287.4 (38.7) 0.005
HIV 669 (0.9) 11057 (0.7) 0.028 413.5 (0.8) 9179.0 (0.8) 0.001
Peripheral artery disease 1065 (1.5) 23704 (1.5) 0.007 993.3 (1.8) 21079.2 (1.7) 0.008
Medications

ACE/ARB 30364 (41.8) 644314 (39.4) 0.052 28305.2 (52.1) | 638472.8 (52.3) 0.005
Antibiotics 6008 (8.3) 101537 (92.6) 0.085 4669.9 (8.6) 101213.5 (8.3) 0.011
Antivirals 3015 (4.2) 47430 (2.9) 0.069 2171.1 (4.0) 47727.32 (3.9) 0.005
Aspirin 12083 (16.6) 241233 (14.7) 0.057 10882.1 (20.0) | 239358.2 (19.6) 0.01

Beta-blockers 22427 (30.9) 490361 (30.0) 0.024 21826.0 (40.2) | 484325.9 (39.7) 0.01

Chemotherapeutic agents 889 (1.2) 17993 (1.1) 0.012 830.3 (1.5) 17888.18 (1.5) 0.005
Diuretics 11196 (15.4) 230481 (14.1) 0.040 10186.0 (18.7) | 228474.2 (18.7) 0.001
Immunosuppressants 1059 (1.5) 20166 (1.2) 0.020 939.3 (1.7) 20081.03 (1.7) 0.006
NSAIDs 29329 (40.4) 510808 (31.2) 0.193 23024.1 (42.4) | 511511.9 (41.9) 0.009
PPI 24341 (33.5) 46443 (28.4) 0.115 20878.7 (38.4) | 461728.9 (37.8) 0.012

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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1
2
3
4 Supplemental Table 13: Characteristics and standardized mean differences of predefined covariates in COVID-19 hospitalized with
Z no AKI and VHA user groups before and after weighting in analyses of risks by AKI status during the acute COVID-19 infection.
7 Before Weighting After Weighting
8 Characteristics COVID-19 Standardized COVID-19 Standardized
9 Hospitalized VHA Users Mean Hospitalized VHA Users Mean
10 non-AKI Difference non-AKI Difference
11 Age, mean (std), yr 68.3(12.8) 68.7 (14.3) 0.223 66.4 (13.0) 66.1 (13.2) 0.019
g Race, no. (%)
14 White 8596 (64.3) 1206583 (73.7) 0.205 6122.1 (67.1) | 880045.2 (72.1) 0.108
15 Black 3673 (27.5) 308003 (18.8) 0.208 2246.5 (24.6) | 248039.5 (20.3) 0.103
16 Other 1093 (8.2) 122881 (7.5) 0.025 749.3 (8.2) 92224.0 (7.6) 0.024
:; Sex, no. (%), men 12534 (93.8) 1494986 (91.3) 0.096 8335.3 (91.4) | 1118331 (91.6) 0.008
19 ADI, mean (std) 53.5 (14.9) 55.0 (15.6) 0.069 53.5 (15.6) 53.8 (15.6) 0.020
20 Smoking status, no. (%)
;; Never smoked 7198 (53.9) 864427 (52.8) 0.019 4807.6 (52.7) | 631099.5 (51.7) 0.020
23 Former smoker 3643 (27.3) 390430 (23.8) 0.079 2286.6 (25.1) | 302484.8 (24.8) 0.007
24 Current smoker 2521 (18.9) 382610 (23.4) 0.108 2023.7 (22.2) | 286724.4 (23.5) 0.031
25 Long-term care 1196 (9.0) 12979 (0.8) 0.391 134.7 (1.5) 11122.5 (0.9) 0.052
26
27 Clinical Characteristics
28 eGFR, mean (std)
29 (mimin/1.73m?2) (n=1672359) 83.0 (21.5) 76.2 (21.2) 0.317 74.6 (21.5) 75.1 (21.1) 0.021
30 BMI (std) (n=1719839) 31.8(6.8) 31.3(6.1) 0.003 31.5(6.5) 31.8(6.2) 0.001
31 S ;

ystolic blood pressure, mean
32 (std) (MMHG) (n=1709598) 133.6 (12.3) 133.2 (13.2) 0.035 134.9 (13.0) 134.1 (13.1) 0.064
33 Diastolic blood pressure, mean
34 (std) (MmHG) (n=1709598) 76.9 (12.3) 77.3 (8.0) 0.058 77.7 (8.0) 77.5(7.9) 0.023
35 Number of eGFR
36 measurements in the 2-years 6.7 (9.9) 2.0 (4.1) 0.553 3.4 (5.2) 2.9 (4.3) 0.095
37 prior, mean (std)
38 Cancer 2133 (16.0) 155323 (9.5) 0.200 1080.1 (11.9) | 127117.3 (10.4) 0.045
ig Cardiovascular disease 4046 (30.3) 292143 (17.8) 0.300 2105.0 (23.1) | 255609.4 (21.0) 0.052
41 Cerebrovascular disease 1639 (12.3) 94879 (5.8) 0.232 696.0 (7.6) 82279.2 (6.7) 0.034
42
43
44
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Chronic lung disease 3490 (26.1) 246116 (15.0) 0.282 1742.0 (19.1) | 205394.2 (16.8) 0.059
Dementia 1142 (8.6) 35487 (2.2) 0.290 247.3 (2.7) 28168.1 (2.3) 0.026
Diabetes mellitus type 2 6214 (46.5) 545960 (33.3) 0.274 3778.9 (41.4) | 472287.4 (38.7) 0.056
HIV 165 (1.2) 11057 (0.7) 0.058 95.7 (1.1) 9179.0 (0.8) 0.032
Peripheral artery disease 469 (3.5) 23704 (1.5) 0.137 189.9 (2.1) 21079.2 (1.7) 0.026
Medications

ACE/ARB 6133 (45.9) 644314 (39.4) 0.135 4943.4 (54.2) | 638472.8 (52.3) 0.038
Antibiotics 1749 (13.1) 101537 (92.6) 0.240 885.1 (9.7) 101213.5 (8.3) 0.05
Antivirals 518 (3.9) 47430 (2.9) 0.055 363.7 (4.0) 47727.32 (3.9) 0.004
Aspirin 3439 (25.7) 241233 (14.7) 0.281 1998.8 (21.9) | 239358.2 (19.6) 0.057
Beta-blockers 5466 (40.9) 490361 (30.0) 0.236 3806.7 (41.8) | 484325.9 (39.7) 0.042
Chemotherapeutic agents 209 (1.6) 17993 (1.1) 0.041 149.7 (1.6) 17888.18 (1.5) 0.014
Diuretics 2342 (17.5) 230481 (14.1) 0.097 1858.0 (20.4) | 228474.2 (18.7) 0.042
Immunosuppressants 211 (1.6) 20166 (1.2) 0.030 158.0 (1.7) 20081.03 (1.7) 0.006
NSAIDs 5265 (39.4) 510808 (31.2) 0.174 3950.1 (43.3) | 511511.9 (41.9) 0.028
PPI 5110 (38.2) 46443 (28.4) 0.215 3580.3 (39.3) | 461728.9 (37.8) 0.029

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 14: Characteristics and standardized mean differences of predefined covariates in COVID-19 hospitalized with
AKI and VHA user groups before and after weighting in analyses of risks by AKI status during the acute COVID-19 infection.

Before Weighting

After Weighting

Characteristics COVID-19 Standardized COVID-19 Standardized
Hospitalized VHA Users Mean Hospitalized VHA Users Mean
AKI Difference AKI Difference
Age, mean (std), yr 70.9 (10.9) 68.7 (14.3) 0.445 67.7 (11.9) 66.1 (13.2) 0.149
Race, no. (%)
White 1677 (53.1) 1206583 (73.7) 0.439 1357.6 (69.2) | 880045.2 (72.1) 0.063
Black 1240 (39.2) 308003 (18.8) 0.464 434.5(22.2) | 248039.5 (20.3) 0.045
Other 243 (7.7) 122881 (7.5) 0.007 168.8 (8.6) 92224.0 (7.6) 0.039
Sex, no. (%), men 3049 (96.5) 1494986 (91.3) 0.219 1857.6 (94.7) | 1118331 (91.6) 0.123
ADI, mean (std) 52.14 (15.2) 55.0 (15.6) 0.081 53.3 (15.1) 53.8 (15.6) 0.028
Smoking status, no. (%)
Never smoked 1652 (52.3) 864427 (52.8) 0.013 1023.6 (52.2) | 631099.5 (51.7) 0.010
Former smoker 953 (30.2) 390430 (23.8) 0.143 507.8 (25.9) | 302484.8 (24.8) 0.026
Current smoker 555 (17.6) 382610 (23.4) 0.142 4294 (21.9) | 286724.4 (23.5) 0.038
Long-term care 367 (11.6) 12979 (0.8) 0.465 35.6 (1.8) 11122.5 (0.9) 0.078
Clinical Characteristics
?nfm’n ;?e%‘nfzs)t%: 1672359) 60.3 (26.5) 76.2 (21.2) 0.664 73.6 (22.2) 75.1 (21.1) 0.068
BMI (std) (n=1719839) 35.4 (7.0) 31.3(6.1) 0.021 30.8 (6.9) 31.8(6.2) 0.006
(Ssﬁ;o('r'grgﬁg‘; N oosen, | | 1366(136) 133.2 (13.2) 0.255 1348 (13.0) | 134.1 (13.1) 0.053
(Ds'tzs)t‘(’r':ﬁnﬂcg)d(ﬁgfgggégea” 76.1(8.2) 77.3(8.0) 0.150 77.0(7.7) 77.5(7.9) 0.065
Number of eGFR
measurements in the 2-years 8.1 (12.9) 2.0 (4.1) 0.587 3.4 (5.2) 2.9 (4.3) 0.105
prior, mean (std)
Cancer 516 (16.3) 155323 (9.5) 0.210 255.2 (13.0) | 127117.3 (10.4) 0.081
Cardiovascular disease 1229 (38.9) 292143 (17.8) 0.487 495.8 (25.3) 255609.4 (21.0) 0.103
Cerebrovascular disease 486 (15.4) 94879 (5.8) 0.320 167.2 (8.5) 82279.2 (6.7) 0.067
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Chronic lung disease 822 (26.0) 246116 (15.0) 0.280 396.3 (20.2) 205394.2 (16.8) 0.087
Dementia 295 (9.3) 35487 (2.2) 0.315 76.8 (3.9) 28168.1 (2.3) 0.093
Diabetes mellitus type 2 1876 (59.4) 545960 (33.3) 0.543 902.8 (46.0) | 472287.4 (38.7) 0.149
HIV 37 (1.2) 11057 (0.7) 0.052 19.9 (1.0) 9179.0 (0.8) 0.029
Peripheral artery disease 120 (3.8) 23704 (1.5) 0.152 36.1 (1.8) 21079.2 (1.7) 0.008
Medications

ACE/ARB 1840 (58.2) 644314 (39.4) 0.387 1158.7 (59.1) | 638472.8 (52.3) 0.137
Antibiotics 412 (13.0) 101537 (92.6) 0.238 2229 (11.4) 101213.5 (8.3) 0.104
Antivirals 96 (3.0) 47430 (2.9) 0.009 71.4 (3.6) 47727.32 (3.9) 0.014
Aspirin 953 (30.2) 241233 (14.7) 0.381 448.0 (22.9) 239358.2 (19.6) 0.079
Beta-blockers 1613 (51.0) 490361 (30.0) 0.445 915.8 (46.7) | 484325.9 (39.7) 0.142
Chemotherapeutic agents 53 (1.7) 17993 (1.1) 0.051 32.0 (1.6) 17888.18 (1.5) 0.013
Diuretics 826 (26.1) 230481 (14.1) 0.307 423.6 (21.6) 228474.2 (18.7) 0.072
Immunosuppressants 52 (1.7) 20166 (1.2) 0.035 29.2 (1.5) 20081.03 (1.7) 0.013
NSAIDs 1022 (32.3) 510808 (31.2) 0.026 818.7 (41.8) 511511.9 (41.9) 0.003
PPI 1132 (35.8) 46443 (28.4) 0.164 784.0 (40.0) | 461728.9 (37.8) 0.044

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin Il receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.

Journal of the American Society of Nephrology

Page 56 of 71



Page 57 of 71

oNOYTULT D WN =

Copyright 2021 by ASN, Published Ahead of Print on 9/1/21, Accepted/Unedited Version

Supplemental Table 15: Characteristics and standardized mean differences of predefined covariates in COVID-19 non-hospitalized
and COVID-19 hospitalized with no AKI groups before and after weighting in analyses of risks by AKI status during the acute COVID-

19 infection.

Before Weighting

After Weighting

Characteristics COVID-19 CO\{ID-_19 Standardized COVID-19 CO\{ID-_19 Standardized
Positive Hospitalized . Mean Positive Hospitalized _ Mean
non-AKI Difference non-AKI Difference
Age, mean (std), yr 61.8 (14.4) 68.3(12.8) 0.474 66.1 (13.3) 66.4 (13.0) 0.022
Race, no. (%)
White 50235 (69.1) 8596 (64.3) 0.101 38991.8 (71.8) | 61221 (67.1) 0.100
Black 17021 (23.4) 3673 (27.5) 0.094 11232.7 (20.7) | 2246.5 (24.6) 0.095
Other 5438 (7.5) 1093 (8.2) 0.026 4119.8 (7.6) 749.3 (8.2) 0.024
Sex, no. (%), men 64816 (89.2) 12534 (93.8) 0.167 49667.2 (91.4) | 8335.3 (91.4) 0.001
ADI, mean (std) 535 (15.2) 53.5 (14.9) 0.078 53.8 (15.6) 53.5 (15.6) 0.022
Smoking status, no. (%)
Never smoked 42506 (58.5) 7198 (53.9) 0.093 279927 (51.5) | 4807.6 (52.7) 0.024
Former smoker 18011 (24.8) 3643 (27.3) 0.057 13542.2 (24.9) | 2286.6 (25.1) 0.004
Current smoker 12177 (16.8) 2521 (18.9) 0.055 128095 (23.6) | 2023.7 (22.2) 0.033
Long-term care 1419 (2.0) 1196 (9.0) 0.312 597.2 (1.1) 134.7 (1.5) 0.034
Clinical Characteristics
(er?n/FnFﬁh ﬁej‘é‘ngzs)t‘zzm 672350) 78.6 (21.8) 83.0 (21.5) 0.205 75.1 (21.7) 74.6 (21.5) 0.020
BMI (std) (n=1719839) 32.4 (6.2) 31.8 (6.8) 0.010 31.4 (6.0) 315 (6.5) 0.002
(Ssﬁ;"('r'gnﬁﬁg‘; (pnrjj‘;‘s;eégrgfa” 133.1 (12.4) 133.6 (12.3) 0.044 1340 (13.0) | 134.9 (13.0) 0.071
g‘%ﬁt?#%ﬂ%’)d(ﬁiﬁ%ggég;ea” 78.3(7.7) 76.9 (12.3) 0.197 77.4(7.9) 77.7 (8.0) 0.029
Number of eGFR
measurements in the 2-years 3.0 (4.4) 6.7 (9.9) 0.482 3.1(4.6) 3.4 (5.2) 0.063
prior, mean (std)
Cancer 6838 (9.4) 2133 (16.0) 0.198 5865.1 (10.8) | 1080.1(11.9) 0.033
Cardiovascular disease 12879 (17.7) 4046 (30.3) 0.297 11597.8 (21.3) | 2105.0 (23.1) 0.042
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Cerebrovascular disease 4272 (5.9) 1639 (12.3) 0.224 3780.3 (7.0) 696.0 (7.6) 0.026
Chronic lung disease 11218 (15.4) 3490 (26.1) 0.266 9519.3 (17.5) 1742.0 (19.1) 0.041
Dementia 1929 (2.7) 1142 (8.6) 0.259 1344.5 (2.5) 247.3 (2.7) 0.015
Diabetes mellitus type 2 27030 (37.2) 6214 (46.5) 0.190 21159.3 (38.9) 3778.9 (41.4) 0.051
HIV 669 (0.9) 165 (1.2) 0.030 413.5 (0.8) 95.7 (1.1) 0.031
Peripheral artery disease 1065 (1.5) 469 (3.5) 0.131 993.3 (1.8) 189.9 (2.1) 0.018
Medications

ACE/ARB 30364 (41.8) 6133 (45.9) 0.083 28305.2 (52.1) 4943.4 (54.2) 0.043
Antibiotics 6008 (8.3) 1749 (13.1) 0.157 4669.9 (8.6) 885.1 (9.7) 0.039
Antivirals 3015 (4.2) 518 (3.9) 0.014 2171.1 (4.0) 363.7 (4.0) 0.001
Aspirin 12083 (16.6) 3439 (25.7) 0.225 10882.1 (20.0) 1998.8 (21.9) 0.047
Beta-blockers 22427 (30.9) 5466 (40.9) 0.211 21826.0 (40.2) 3806.7 (41.8) 0.032
Chemotherapeutic agents 889 (1.2) 209 (1.6) 0.029 830.3 (1.5) 149.7 (1.6) 0.009
Diuretics 11196 (15.4) 2342 (17.5) 0.057 10186.0 (18.7) 1858.0 (20.4) 0.041
Immunosuppressants 1059 (1.5) 211 (1.6) 0.010 939.3 (1.7) 158.0 (1.7) 0.000
NSAIDs 29329 (40.4) 5265 (39.4) 0.019 23024.1 (42.4) 3950.1 (43.3) 0.019
PPI 24341 (33.5) 5110 (38.2) 0.099 20878.7 (38.4) 3580.3 (39.3) 0.017

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin |l receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 16: Characteristics and standardized mean differences of predefined covariates in COVID-19 non-hospitalized
and COVID-19 hospitalized with an AKI groups before and after weighting in analyses of risks by AKI status during the acute COVID-

19 infection.

Before Weighting

After Weighting

Characteristics COVID-19 CO\{ID-_19 Standardized COVID-19 CO\{ID-_19 Standardized
Positive Hospitalized . Mean Positive Hospitalized _ Mean
AKI Difference AKI Difference
Age, mean (std), yr 61.8 (14.4) 70.9 (10.9) 0.711 66.1 (13.3) 67.7 (11.9) 0.147
Race, no. (%)
White 50235 (69.1) 1677 (53.1) 0.333 38991.8 (71.8) 1357.6 (69.2) 0.055
Black 17021 (23.4) 1240 (39.2) 0.346 11232.7 (20.7) | 434.5(22.2) 0.036
Other 5438 (7.5) 243 (7.7) 0.008 4119.8 (7.6) 168.8 (8.6) 0.038
Sex, no. (%), men 64816 (89.2) 3049 (96.5) 0.287 49667.2 (91.4) | 1857.6 (94.7) 0.132
ADI, mean (std) 53.5 (15.2) 52.14 (15.2) 0.089 53.8 (15.6) 53.3 (15.1) 0.029
Smoking status, no. (%)
Never smoked 42506 (58.5) 1652 (52.3) 0.125 27992.7 (51.5) | 1023.6 (52.2) 0.014
Former smoker 18011 (24.8) 953 (30.2) 0.121 13542.2 (24.9) | 507.8 (25.9) 0.023
Current smoker 12177 (16.8) 555 (17.6) 0.021 12809.5 (23.6) | 429.4 (21.9) 0.040
Long-term care 1419 (2.0) 367 (11.6) 0.392 597.2 (1.1) 35.6 (1.8) 0.060
Clinical Characteristics
(er?n/FnFﬁh ﬁej‘é‘ngzs)t‘zzm 672350) 78.6 (21.8) 60.3 (26.5) 0.763 75.1 (21.7) 73.6 (22.2) 0.067
BMI (std) (n=1719839) 32.4(6.2) 35.4 (7.0) 0.032 31.4 (6.0) 30.8 (6.9) 0.013
(Ssﬁ;‘)('r'gnfﬁg‘; (pnrjj%geégrg;*a” 133.1 (12.4) 136.6 (13.6) 0.270 134.0 (13.0) | 134.8 (13.0) 0.060
g‘%ﬁt?#%ﬂ%’)d(ﬁiﬁ%ggég;ea” 78.3(7.7) 76.1 (8.2) 0.285 77.4(7.9) 77.0(7.7) 0.059
Number of eGFR
measurements in the 2-years 3.0 (4.4) 8.1 (12.9) 0.532 3.1(4.6) 3.4 (5.2) 0.073
prior, mean (std)
Cancer 6838 (9.4) 516 (16.3) 0.208 5865.1 (10.8) 255.2 (13.0) 0.069
Cardiovascular disease 12879 (17.7) 1229 (38.9) 0.483 11597.8 (21.3) 495.8 (25.3) 0.094
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Cerebrovascular disease 4272 (5.9) 486 (15.4) 0.312 3780.3 (7.0) 167.2 (8.5) 0.059
Chronic lung disease 11218 (15.4) 822 (26.0) 0.263 9519.3 (17.5) 396.3 (20.2) 0.069
Dementia 1929 (2.7) 295 (9.3) 0.285 1344.5 (2.5) 76.8 (3.9) 0.083
Diabetes mellitus type 2 27030 (37.2) 1876 (59.4) 0.455 21159.3 (38.9) 902.8 (46.0) 0.144
HIV 669 (0.9) 37 (1.2) 0.025 413.5 (0.8) 19.9 (1.0) 0.028
Peripheral artery disease 1065 (1.5) 120 (3.8) 0.146 993.3 (1.8) 36.1 (1.8) 0.001
Medications

ACE/ARB 30364 (41.8) 1840 (58.2) 0.334 28305.2 (52.1) 1158.7 (59.1) 0.142
Antibiotics 6008 (8.3) 412 (13.0) 0.155 4669.9 (8.6) 2229 (11.4) 0.093
Antivirals 3015 (4.2) 96 (3.0) 0.060 2171.1 (4.0) 71.4 (3.6) 0.019
Aspirin 12083 (16.6) 953 (30.2) 0.324 10882.1 (20.0) 448.0 (22.9) 0.069
Beta-blockers 22427 (30.9) 1613 (51.0) 0.420 21826.0 (40.2) 915.8 (46.7) 0.132
Chemotherapeutic agents 889 (1.2) 53 (1.7) 0.038 830.3 (1.5) 32.0 (1.6) 0.008
Diuretics 11196 (15.4) 826 (26.1) 0.267 10186.0 (18.7) 423.6 (21.6) 0.071
Immunosuppressants 1059 (1.5) 52 (1.7) 0.015 939.3 (1.7) 29.2 (1.5) 0.019
NSAIDs 29329 (40.4) 1022 (32.3) 0.167 23024.1 (42.4) 818.7 (41.8) 0.013
PPI 24341 (33.5) 1132 (35.8) 0.049 20878.7 (38.4) 784.0 (40.0) 0.032

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin |l receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Supplemental Table 17: Characteristics and standardized mean differences of predefined covariates in COVID-19 hospitalized with
no AKI and COVID-19 hospitalized with an AKI groups before and after weighting in analyses of risks by AKI status during the acute

COVID-19 infection.

Before Weighting

After Weighting

Characteristics COVID-19 COVID-19 Standardized | COVID-19 COVID-19 | Standardized
Hospitalized Hospitalized Mean Hospitalized Hospitalized Mean
non-AKI AKI Difference non-AKI AKI Difference
Age, mean (std), yr 68.3(12.8) 70.9 (10.9) 0.222 66.4 (13.0) 67.7 (11.9) 0.142
Race, no. (%)
White 8596 (64.3) 1677 (53.1) 0.230 61221 (67.1) | 1357.6 (69.2) 0.045
Black 3673 (27.5) 1240 (39.2) 0.251 20465 (24.6) | 434.5(22.2) 0.059
Other 1093 (8.2) 243 (7.7) 0.018 749.3 (8.2) 168.8 (8.6) 0.014
Sex, no. (%), men 12534 (93.8) 3049 (96.5) 0.125 83353 (91.4) | 1857.6 (94.7) 0.131
ADI, mean (std) 53.5 (14.9) 52.14 (15.2) 0.013 53.5 (15.6) 53.3 (15.1) 0.007
Smoking status, no. (%)
Never smoked 7198 (53.9) 1652 (52.3) 0.032 4807.6 (52.7) | 1023.6 (52.2) 0.011
Former smoker 3643 (27.3) 953 (30.2) 0.064 2086.6 (25.1) | 507.8 (25.9) 0.019
Current smoker 2521 (18.9) 555 (17.6) 0.034 20237 (22.2) | 4294 (21.9) 0.007
Long-term care 1196 (9.0) 367 (11.6) 0.088 134.7 (1.5) 35.6 (1.8) 0.027
Clinical Characteristics
(er?n/FnFﬁh ﬁ?ﬁ;fé?ﬁ?}zmn%g) 83.0 (21.5) 60.3 (26.5) 0.940 74.6 (21.5) 73.6 (22.2) 0.047
BMI (std) (n=1719839) 31.8 (6.8) 35.4 (7.0) 0.038 315 (6.5) 30.8 (6.9) 0.026
(Ssﬁ;"('r'gnﬁﬁg‘; (pnrjj‘;‘s;eégrgfa” 133.6 (12.3) 136.6 (13.6) 0.229 1349 (13.0) | 134.8 (13.0) 0.011
g‘%ﬁt?#%ﬂ%’)d(ﬁiﬁ%ggég;ea” 76.9 (12.3) 76.1 (8.2) 0.096 77.7 (8.0) 77.0(7.7) 0.088
Number of eGFR
measurements in the 2-years 6.7 (9.9) 8.1 (12.9) 0.122 3.4 (5.2) 3.4 (5.2) 0.009
prior, mean (std)
Cancer 2133 (16.0) 516 (16.3) 0.010 10801 (11.9) | 255.2 (13.0) 0.035
Cardiovascular disease 4046 (30.3) 1229 (38.9) 0.182 2105.0 (23.1) | 4958 (25.3) 0.051
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Cerebrovascular disease 1639 (12.3) 486 (15.4) 0.090 696.0 (7.6) 167.2 (8.5) 0.033
Chronic lung disease 3490 (26.1) 822 (26.0) 0.003 1742.0 (19.1) 396.3 (20.2) 0.028
Dementia 1142 (8.6) 295 (9.3) 0.028 247.3 (2.7) 76.8 (3.9) 0.068
Diabetes mellitus type 2 6214 (46.5) 1876 (59.4) 0.260 3778.9 (41.4) 902.8 (46.0) 0.093
HIV 165 (1.2) 37 (1.2) 0.006 95.7 (1.1) 19.9 (1.0) 0.003
Peripheral artery disease 469 (3.5) 120 (3.8) 0.015 189.9 (2.1) 36.1 (1.8) 0.017
Medications

ACE/ARB 6133 (45.9) 1840 (58.2) 0.249 4943.4 (54.2) 1158.7 (59.1) 0.099
Antibiotics 1749 (13.1) 412 (13.0) 0.001 885.1 (9.7) 2229 (11.4) 0.054
Antivirals 518 (3.9) 96 (3.0) 0.046 363.7 (4.0) 71.4 (3.6) 0.018
Aspirin 3439 (25.7) 953 (30.2) 0.099 1998.8 (21.9) 448.0 (22.9) 0.022
Beta-blockers 5466 (40.9) 1613 (51.0) 0.204 3806.7 (41.8) 915.8 (46.7) 0.1
Chemotherapeutic agents 209 (1.6) 53 (1.7) 0.010 149.7 (1.6) 32.0 (1.6) 0.001
Diuretics 2342 (17.5) 826 (26.1) 0.210 1858.0 (20.4) 423.6 (21.6) 0.03
Immunosuppressants 211 (1.6) 52 (1.7) 0.006 158.0 (1.7) 29.2 (1.5) 0.019
NSAIDs 5265 (39.4) 1022 (32.3) 0.148 3950.1 (43.3) 818.7 (41.8) 0.032
PPI 5110 (38.2) 1132 (35.8) 0.050 3580.3 (39.3) 784.0 (40.0) 0.015

std, standard deviation; ADI, Area Deprivation Index; BMI, body mass index; eGFR, estimated glomerular filtration rate; ACE/ARB, angiotensin

converting enzyme inhibitors/angiotensin |l receptor blockers; NSAID, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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1

2

3

: Supplemental Table 18: Pairwise comparisons of risk and excess burden of adverse kidney by AKI status during the acute COVID-

6 19 infection.

7 Outcome COVID-19 hospitalized with no AKI COVID-19 hospitalized with an AKI COVID-19 hospitalized with AKI vs.

8 vs. COVID-19 non-hospitalized vs. COVID-19 non-hospitalized COVID-19 hospitalized with no AKI

9 (reference) (reference) (reference)

10 HR Excess Burden | HR Excess Burden HR Excess Burden

11 (95% CI) per 1000 (95% CI) per 1000 (95% CI) per 1000

12 persons? persons? persons?

13 (95% CI) (95% CI) (95% ClI)

14 AKI 4.25 54.67 9.17 131.84 2.16 7717

15 (3.77, 4.78) (46.85, 63.39) (7.76, 10.84) (110.36, 156.55) (1.80, 2.59) (54.21, 103.86)

16 ESKD 1.45 0.67 4.91 5.72 3.37 5.05

17 (0.90, 2.39) (-0.17, 2.03) (3.10, 7.77) (3.07, 9.90) (1.88, 6.06) (1.87, 10.74)

12 MAKE 2.53 20.23 7.37 81.72 2.92 61.48

20 (2.18, 2.94) (15.62, 25.57) (6.03, 9.02) (65.05, 101.69) (2.33, 3.650 (43.10, 83.98)

21 Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic and diastolic blood pressure, body mass index, and

2 history of cancer, cardiovascular disease, cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery

23 disease, angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers, antibiotics, anticoagulants, antivirals, aspirin, beta-blockers,

24 chemotherapeutic agents, diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, residence at a long-
term care facility, and the number of eGFR measurements in the year prior to Ty, as well as 100 high dimensional variables.

25 aBurden estimated at 6 months following a COVID-19 positive test.

26 AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes; eGFR, estimated glomerular filtration rate;

;; HR, hazard ratio; Cl, confidence interval
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Supplemental Table 19a: Pairwise comparisons of risk and excess burden of adverse kidney
outcomes to VHA users by AKI status during the acute COVID-19 infection adjusting only for
predefined covariates.

Outcome | COVID-19 non- COVID-19 hospitalized COVID-19 hospitalized with
hospitalized vs. VHA with no AKI vs. VHA AKIl vs. VHA users
users (reference) users (reference) (reference)
HR Excess HR Excess HR Excess
(95% CI) Burden per | (95% CI) Burden per | (95% CI) Burden per
1000 1000 1000 persons?
persons? persons? (95% CI)
(95% Cl) (95% Cl)
AKI 1.22 3.12 5.17 57.28 11.52 138.06
(1.14,1.31) | (1.97, 4.34) (4.71,5.69) | (51.07,64.06) | (9.91,13.39) | (118.28.160.48)
ESKD 1.78 0.63 2.55 1.25 8.77 6.23
(1.40,2.25) | (0.32, 1.01) (1.66, 3.92) (0.53, 2.35) (6.03, 12.76) (4.04, 9.42)
MAKE 1.08 1.01 2.76 21.32 7.87 80.69
(1.01,1.17) | (0.01, 2.08) (2.43,3.13) | (17.41,25.74) | (6.59, 9.40) (66.14, 97.77)

Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic and
diastolic blood pressure, body mass index, and history of cancer, cardiovascular disease,
cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery
disease, angiotensin converting enzyme inhibitors /angiotensin |l receptor blockers, antibiotics,
anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic agents, diuretics,
immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, residence at a
long-term care facility, and the number of eGFR measurements in the year prior to Ty,

aBurden estimated at 6 months following a COVID-19 positive test.
AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval
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1

2

3

: Supplemental Table 19b: Pairwise comparisons of risk and excess burden of adverse kidney outcomes by AKI status during the

6 acute COVID-19 infection adjusting only for predefined covariates.

7 Outcome COVID-19 hospitalized with no AKI COVID-19 hospitalized with an AKI COVID-19 hospitalized with AKI vs.

8 vs. COVID-19 non-hospitalized vs. COVID-19 non-hospitalized COVID-19 hospitalized with no AKI

9 (reference) (reference) (reference)

10 HR Excess Burden | HR Excess Burden HR Excess Burden

11 (95% CI) per 1000 (95% CI) per 1000 (95% CI) per 1000

12 persons? persons? persons?

13 (95% CI) (95% CI) (95% CI)

14 AKI 4.24 5417 9.44 134.94 2.23 80.77

15 (3.78, 4.76) (46.65, 62.52) (8.01, 11.12) (113.46, 159.57) (1.87, 2.66) (57.83, 107.35)

16 ESKD 1.44 0.62 4.93 5.61 3.44 4.99

17 (0.89, 2.32) (-0.16, 1.89) (3.19, 7.62) (3.13,9.42) (1.96, 6.04) (1.96, 10.27)

:2 MAKE 2.55 20.31 7.27 79.68 2.85 59.37

20 (2.20, 2.95) (15.80, 25.52) (5.99, 8.82) (63.98, 98.38) (2.30, 3.54) (41.94, 80.56)

21 Adjusted for age, Area Deprivation Index, race, sex, smoking status, baseline eGFR, systolic and diastolic blood pressure, body mass index, and

2 history of cancer, cardiovascular disease, cerebrovascular disease, chronic lung disease, dementia, diabetes mellitus type 2, peripheral artery

23 disease, angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers, antibiotics, anticoagulants, antivirals, aspirin, beta-blockers,

24 chemotherapeutic agents, diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, residence at a long-
term care facility, and the number of eGFR measurements in the year prior to Ty,

25 aBurden estimated at 6 months following a COVID-19 positive test.

26 AKI, acute kidney injury; ESKD, end-stage kidney disease; MAKE, major adverse kidney outcomes; eGFR, estimated glomerular filtration rate;

;; HR, hazard ratio; Cl, confidence interval
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Supplemental Table 20: Outcome controls for the comparison of COVID-19 positive Veterans
vs. VHA users.

oNOYTULT D WN =

Outcome HR Excess burden per 1000
(95% CI) persons?
(95% CI)
Positive outcome controls
All-cause mortality 1.76 6.00
(1.66, 1.87) (5.50, 6.48)
Hospitalization 1.77 42.49
(1.72, 1.81) (41.12, 43.82)
Negative outcome controls
Fitting or adjustment of 0.97 -0.24
casts and bandages (0.89, 1.06) (-0.98, 0.43)
Atopic dermatitis 0.99 (0.83, 1.18) -0.02 (-0.44, 0.33)

All models are adjusted for age, Area Deprivation Index, race, sex, smoking
status, baseline eGFR, systolic and diastolic blood pressure, body mass index,
and history of cancer, cardiovascular disease, cerebrovascular disease, chronic
lung disease, dementia, diabetes mellitus type 2, peripheral artery disease,
angiotensin converting enzyme inhibitors /angiotensin Il receptor blockers,
antibiotics, anticoagulants, antivirals, aspirin, beta-blockers, chemotherapeutic
agents, diuretics, immunosuppressants, nonsteroidal anti-inflammatory drugs,
proton pump inhibitors, residence at a long-term care facility, and the number of
eGFR measurements in the year prior to Ty, as well as 100 high dimensional
variables.

aBurden estimated at 6 months following a COVID-19 positive test

HR, hazard ratio; Cl, confidence interval
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Supplemental Figures

Supplemental Figure 1: Cohort flow chart
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Record of COMID-19 posltive stabes (T,) betwesen WHA users with 8 reconded encounter with the YHA
March 1, 2020 to March 15, 2021 in 2018

14 N=203,476 N=5,808,018

15 '

16 Alive as of March 01, 2020, and without a positive
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Supplemental Figure 2: Covariate balance in the comparison of COVID-19 positive
Veterans with VHA users.
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Standardized differences before and after inverse probability of treatment weighting are plotted,
where a standardized difference less than 0.15 (reference line) was taken as evidence of
covariate balance. Standardized differences are colored to denote if covariates examined were:
1) 30 predefined; 2) 100 selected by the high dimensional variable section (HDVS) algorithm; or
3) 734 tested as potential covariates, but were not selected by the HDVS algorithm.
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Supplemental Figure 3: Covariate balance in the comparison of COVID-19 positive
Veterans by severity of the acute infection with VHA users.
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31 Standardized differences before and after inverse probability of treatment weighting are plotted,
32 where a standardized difference less than 0.15 (reference line) was taken as evidence of
covariate balance. Standardized differences are colored to denote if covariates examined were:
1) 30 predefined; 2) 100 selected by the high dimensional variable section (HDVS) algorithm; or
3) 734 tested as potential covariates, but were not selected by the HDVS algorithm.
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Supplemental Figure 4: Covariate balance in the comparisons of COVID-19 positive
Veterans by AKI status during the acute phase of care with VHA users.
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Standardized differences before and after inverse probability of treatment weighting are plotted,
where a standardized difference less than 0.15 (reference line) was taken as evidence of
covariate balance. Standardized differences are colored to denote if covariates examined were:
1) 30 predefined; 2) 100 selected by the high dimensional variable section (HDVS) algorithm; or
3) 734 tested as potential covariates, but were not selected by the HDVS algorithm.

Journal of the American Society of Nephrology

Page 70 of 71



Page 71 of 71

Copyright 2021 by ASN, Published Ahead of Print on 8/31/21, Accepted/Unedited Version

Supplemental Figure 5:
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31 Excess decline in eGFR in post-acute COVID-19 adjusting for predefined covariates.

32 Differences in the trajectory of eGFR by day of follow-up compared to users of the Veteran

33 Health Administration healthcare system with no record of a positive COVID-19 test (control

34 group), estimated after adjustment for baseline characteristics. Changes are estimated starting
35 from 30 days after a COVID-19 positive test. Bands represent the 95% CI.
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Supplemental Figure 6:
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Excess decline in eGFR in post-acute COVID-19 by AKI status during the acute phase of the
illness adjusting for only predefined covariates. Differences in the trajectory of eGFR by day of
follow-up compared to users of the Veteran Health Administration healthcare system with no
record of a positive COVID-19 test (control group), estimated after adjustment for baseline
characteristics. Changes are estimated starting from 30 days after a COVID-19 positive test.
Bands represent the 95% CI.
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