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Abstract

Acute kidney injury (AKI) is associated with subsequent chronic kidney disease (CKD), but the
mechanism is unclear. To clarify this, we examined the association of AKI and new-onset or
worsening proteinuria during the 12 months following hospitalization in a national retrospective
cohort of United States Veterans hospitalized between 2004-2012. Patients with and without AKI
were matched using baseline demographics, comorbidities, proteinuria, estimated glomerular
filtration rate, blood pressure, angiotensin converting enzyme inhibitor or angiotensin Il receptor
blocker (ACEI/ARB) use, and inpatient exposures linked to AKI. The distribution of proteinuria
over one year post-discharge in the matched cohort was compared using inverse probability
sampling weights. Subgroup analyses were based on diabetes, pre-admission ACEI/ARB use, and
AKI severity. Among the 90,614 matched AKI and non-AKI pairs, median estimated glomerular
filtration rate was 62 mL/min/1.73m2. The prevalence of diabetes and hypertension were 48% and

Corresponding Author: Edward D. Siew, MD, MSCI, Vanderbilt University Medical Center, Division of Nephrology and
Hypertension, Department of Medicine, 1161 215! Avenue South, MCN S-3223, Nashville, TN 37232-2372, Fax: (615) 343-7156,
Phone: (615) 322-3146, edward.siew@vanderbilt.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosure: All the other authors declared no competing interests.

Disclaimer: The views expressed herein do not necessarily represent those of the Veterans Administration or Vanderbilt University
Medical Center.

Previous Presentations: Preliminary findings were presented at the Annual Meeting of the American Society of Nephrology in
Chicago, Illinois on November 18, 2016.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parr et al. Page 2

78%, respectively. The odds of having one plus or greater dipstick proteinuria was significantly
higher during each month of follow-up in patients with AKI than in patients without AKI (odds
ratio range 1.20-1.39). Odds were higher in patients with Stage Il or 111 AKI (odds ratios 1.32—
1.81) than in Stage | AKI (odds ratios 1.18-1.32), using non-AKI as the reference group. Results
were consistent regardless of diabetes status or baseline ACEI/ARB use. Thus, AKI is a risk factor
for incident or worsening proteinuria, suggesting a possible mechanism linking AKI and future
CKD. The type of proteinuria, physiology, and clinical significance warrant further study as a
potentially modifiable risk factor in the pathway from AKI to CKD.
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INTRODUCTION

Acute kidney injury (AKI) is increasingly recognized as a common complication of acute
illness and a risk factor for morbidity and mortality.1~10 AKI is associated with the
development or progression of chronic kidney disease (CKD), but the mechanisms are not
well-understood.11-18 Proteinuria is also a well-established predictor of future loss of kidney
function,19-22 and better understanding of the longitudinal association between AKI and
proteinuria may help reveal a mechanism linking AKI and progression of CKD.

Preclinical data demonstrate that animals subjected to renal ischemia-reperfusion injury
develop proteinuria even after serum creatinine has returned to baseline.23 Prior studies in
children demonstrate increased risk of developing proteinuria and CKD after AKI, but these
studies are limited by lack of appropriate controls and pre-AKI proteinuria data.24-27
Similarly, a recent study in adults with dialysis-requiring AKI demonstrates a 42%
prevalence of albuminuria during the follow-up period, but lacks information on pre-
hospitalization proteinuria.28 Since proteinuria is a known risk factor for AK1,2%30 it js
unclear whether baseline proteinuria is an unaccounted for confounder predisposing these
patients to AKI, or whether AKI itself increases the risk for developing incident or
progressive proteinuria.

Because proteinuria is a prognostic indicator and a modifiable risk factor in CKD
progression, determining whether AKI is associated with incident or progressive proteinuria
is an important step toward understanding the link between AKI and future CKD, and
formulating therapeutic strategies for AKI survivors. We hypothesized that AKI is associated
with both incident and progressive proteinuria. To test our hypothesis, we conducted this
study within a large national, observational, matched cohort of U.S. Veterans hospitalized
between 2004 and 2012.

RESULTS

Patient Characteristics

A total of 657,840 patients were eligible for the study, 115,467 of whom experienced AKI.
Cohort selection is shown in Figure 1, and cohort characteristics prior to matching are
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presented in Supplementary Table S1. Optimal-distance-matching resulted in a total of
181,228 patients, with 90,614 experiencing AKI, and 90,614 not experiencing AKI. AKI and
non-AKI groups were well matched (Table 1), except for severe sepsis (standardized
difference 19.4%). The proportions of patients experiencing Stage I, 11, or Il AKI were 84%
(n=75,862), 10% (n=9,575), and 6% (n=5,177), respectively. Median patient age was 66
(IQR, 59-77) years, 98% were male, 75% Caucasian, 48% had diabetes mellitus, and 78%
had hypertension. Median baseline eGFR was 62 (IQR, 48-77) mL/min/1.73m2. Fifty-six
percent of the cohort had ACEI/ARB prescriptions within 90 days prior to admission. Pre-
admission proteinuria levels in the AKI and non-AKI groups were well-matched, with 61%
of patients in each group having no proteinuria at baseline, 17% with trace, 12% with 1+,
7% with 2+, and 3% with 3+ proteinuria. During the 12-month follow-up, 46% of patients
had one urine dipstick measurement, 27% had two measurements, and 27% underwent three
Or more assessments.

Primary Analysis

In each of the 12 follow-up months, the proportion of patients in the AKI group with =21+
dipstick proteinuria (median per follow-up month) was significantly higher than at baseline
(Figure 2). Using inverse probability sampling weights (IPSW) logistic regression, patients
experiencing AKI had higher odds of having =1+ proteinuria during each of the 12 months
of follow-up than matched non-AKI counterparts (Table 2), with OR’s ranging 1.20-1.39
(P<0.001 for all). This association was strongest at 2 months following hospital discharge,
with OR 1.39 (95% Cl, 1.33-1.46), but persisted throughout follow-up (full details in
Supplementary Table S2).

Pre-specified Subgroup Analyses

To examine whether diabetes mellitus explained the risk for worsening proteinuria following
AKI, we examined proteinuria severity after AKI, stratified by baseline diabetes status.
Patients with diabetes had a higher prevalence of proteinuria (=1+) at baseline than patients
without diabetes (29% versus 16%). However, in patients with or without diabetes, those
experiencing AKI had a relative increase in proteinuria in the subsequent 12 months
compared to their non-AKI counterparts (Figure 3 a-b).

In the subgroup analysis stratified by pre-admission ACEI/ARB use, patients on ACEI/ARB
had a higher prevalence of proteinuria (=1+) at baseline than those not on ACEI/ARB (25%
versus 19%). However, in patients previously on ACEI/ARB andthose not on ACEI/ARB,
patients experiencing AKI exhibited increased proteinuria in the 12 months following
hospital discharge. (Figure 3 c—d).

To examine whether there is a dose-response relationship between AKI and subsequent
proteinuria, we performed a subgroup analysis stratified by AKI severity. We first compared
patients with Stage | AKI to matched non-AKI counterparts (covariate balance shown in
Supplementary Table S3). Compared to patients without AKI, those with Stage | AKI had
higher odds of having =1+ proteinuria during each of the 12 months of follow-up with OR’s
ranging 1.18-1.32 (P<0.001 for all). Next, we compared patients with Stage 11 or 11l AKI to
matched non-AKI counterparts (covariate balance shown in Supplementary Table S4).
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Compared to non-AKI counterparts, patients with Stage Il or 111 AKI had higher odds of
having =1+ proteinuria throughout follow-up, with OR’s ranging 1.32-1.81 (P<0.001 for
all), shown in Supplementary Table S5 and Supplementary Figure S1.

Evaluation of Potential Confounders

Blood Pressure—Since elevated blood pressure can exacerbate proteinuria, we included
preadmission systolic blood pressure as a matching covariate. The median baseline systolic
blood pressure was 134 mmHg in the non-AKI group and 135 mmHg in the AKI group. We
also evaluated the differences in systolic blood pressure between the AKI and non-AKI
groups over the duration of follow-up. During the first 2 months of follow-up, mean systolic
blood pressure in the AKI group was 0.2-0.9 mmHg lower than in the non-AKI group
(Supplementary Table S6). For the remainder of follow-up months, mean systolic blood
pressure was 0.1-0.4 mmHg higher in the AKI group.

Urine Concentration—Because differences in urine concentration between the AKI and
non-AKI groups (e.g. diuretic cessation or diluting/concentrating defects in the AKI group)
could introduce bias, we evaluated urine specific gravity during the follow-up period. To
account for potential ascertainment bias, we used IPSW to determine mean urine specific
gravity in each group. The mean urine specific gravity in the AKI group was modestly lower
at all months of follow-up than in the non-AKI group (Supplementary Table S7).

Subgroup Analyses Stratified by Degree of Baseline Proteinuria

To examine whether AKI is associated with incident proteinuria, worsening proteinuria, or
both, we performed subgroup analyses stratified by degree of baseline proteinuria. In
patients with negative or trace baseline proteinuria (N=141,034), the odds for developing 1+
or greater proteinuria during 12-month follow-up were higher in patients experiencing AKI
than in matched non-AKI counterparts, with OR’s ranging 1.35-1.65 (P <0.001 for all). This
association was strongest at 2 months following hospital discharge, with OR 1.65 (95% Cl,
1.54-1.76), but persisted throughout follow-up (full details in Supplementary Table S8). In
patients with =1+ proteinuria at baseline (N=40,194), we examined the odds of developing
worsening proteinuria per month of follow-up. Compared to matched non-AKI counterparts,
patients experiencing AKI had increased odds of developing worsening proteinuria during
12-month follow-up, with OR’s ranging 1.03-1.37. This association was strongest in the
first month following hospital discharge, with OR 1.37 (95% Cl, 1.24-1.52), but persisted
throughout follow-up (full details in Supplementary Table S9).

DISCUSSION

In this large, national cohort of U.S. Veterans, we found that patients experiencing AKI were
at increased risk for developing new or worsening proteinuria in the 12 months following an
AKI episode compared to well-matched non-AKI controls. This effect was most pronounced
in the first 2 months post-discharge, but persisted throughout follow-up. We observed a
dose-response effect between AKI severity and subsequent proteinuria. Our findings
remained consistent regardless of diabetes status or baseline ACEI/ARB use.
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Acute kidney injury is increasingly common, complicating up to 20% of hospitalizations and
growing in incidence by 10-11% per year.1:5-9:31.32 The traditional belief that AKI is “self-
limited” has been challenged by studies showing an association between AKI and
progressive kidney diseasell14-17 and cardiovascular events.33-3% The combination of
population growth, increasing AKI incidence,32 and improved short-term survivall:36:37 have
resulted in an expanding population of AKI survivors at risk for adverse renal and
cardiovascular outcomes. Prior studies demonstrating that AKI is associated with an
increased risk for developing CKD or proteinuria were limited by lack of appropriate
controls and assessment of pre-existing proteinuria.24-28 Since proteinuria is a known risk
factor for AKI,29:30.38,39 3ssessing baseline proteinuria levels is essential in examining the
association between AKI and subsequent incident or worsening proteinuria. Our study
includes a well-matched non-AKI cohort to address previously unaccounted for confounding
and evaluates longitudinal change in proteinuria.

Proteinuria is a well-established and potentially modifiable risk factor in both CKD
progression19-2240-46 and cardiovascular events.4”-4° Preclinical studies demonstrate that
AKI can lead to development of proteinuria, even after apparent recovery.23:50 Prior studies
postulate that albuminuria may result from acute changes in glomerular capillary
permeability,>! inflammation,>2 impaired proximal tubular reclamation,®3:4 or impaired
myogenic autoregulation,>® any of which could exert maximal effect soon after an AKI
event. In our study, systolic blood pressure in the AKI and non-AKI groups were
comparable, and were not increased from baseline throughout the follow-up period.
However, even in the setting of normal blood pressure, impaired autoregulation may result in
unregulated transmission of arterial hydrostatic pressure,5%:56 which could in turn cause
increased proteinuria/albuminuria. Our results extend upon recent studies suggesting
proteinuria may be an early marker of AKI,57-61 by demonstrating that these changes persist
well beyond hospital discharge.

The optimal care for AKI survivors is not well-defined. Few patients see a nephrologist or
have proteinuria measured following AK1.62-64 We previously demonstrated in a regional
VA cohort that only about 1/3 of patients with hospitalized AKI receive any proteinuria
surveillance (urine dipstick or quantitative measurement) in the year following
hospitalization, and only 12% had a quantitative measurement.5> While the results of our
current study indicate that AKI is associated with an increased risk for worsening
proteinuria, it would be premature to recommend routine surveillance or intervention among
all AKI survivors. Future work to characterize the type and mechanism of this proteinuria is
warranted to examine prognostic implications, and to determine whether this represents a
potentially modifiable risk factor in the AKI to CKD pathway.

Strengths of this study include the use of a large, well-phenotyped, matched, Veteran
population with extensive laboratory data, vital statistics, and pharmacy records within an
integrated healthcare system. Our study is not without limitations. Despite rigorous attempts
to control for confounding, the observational nature of this study precludes our ability to
make causal inferences between AKI and subsequent proteinuria. For example, patients who
experience AKI may undergo more frequent follow-up and more aggressive surveillance,
leading to ascertainment bias. However, we included frequency of pre-admission urine
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dipstick measurements in the matching process, and the proportion of patients with at least
one dipstick measurement during follow-up was similar between the two groups.
Furthermore, we used IPSW to account for potential differential rates of proteinuria testing
and death in the AKI and non-AKI groups. Second, since proteinuria is affected by blood
pressure and ACEI/ARB useg, it is plausible that differential care practices in the AKI and
non-AKI groups impacted our results. For example, increased blood pressure or ACEI/ARB
discontinuation in the AKI group could have confounded our results. However, our
evaluation of post-discharge systolic blood pressure revealed no clinically significant
differences between the AKI and non-AKI groups, suggesting that blood pressure alterations
following AKI did not confound our findings. Additionally, our findings remained consistent
in the subgroup of patients not on ACEI/ARB at baseline, suggesting that our results are
unlikely to be explained by differential practice patterns between the AKI and non-AKI
groups. Nonetheless, a more comprehensive evaluation of these and other potential
mediators using a time-varying study design is an important area of future investigation.
Third, we are limited by the semi-quantitative, nonspecific nature of urine dipstick
measurements. These results may be affected by timing of collection, and intra- or inter-
observer variability, which were not adjusted for in our analysis, but are unlikely to be
differentially affected by AKI status. Since urine dipstick protein is a concentration-based
assay, hydration status and tubular concentrating or diluting defects could also have
impacted our results. However, subjects were matched with respect to baseline diuretic use
and we examined post-discharge urine specific gravity. The mean specific gravity was
modestly lower at all months of follow-up in the AKI group than in the non-AKI group,
which could bias toward the null. Urinary tract infections, urine pH, and/or gross hematuria
were not accounted for in our analysis, and could differ between AKI and non-AKI groups.
Despite these limitations, we chose to use urine dipstick protein for our primary outcome,
because it is a routine laboratory test, making our findings more generalizable. Finally, by
requiring both pre- and post-hospitalization measurement of dipstick protein for study
inclusion, we may have selected a study cohort that differs from the general population. This
does not, however, alter the validity of our findings, as this group of patients is likely at
highest risk for adverse outcomes after AKI and stands to benefit from future prospective
studies.

In conclusion, while the population of AKI survivors at risk for progression to CKD is
growing, optimal care practices for these patients are unclear. We demonstrate that AKI is a
risk factor for new-onset or worsening proteinuria, suggesting a potential mechanism linking
AKI and future CKD. The type of proteinuria, its mechanism, and clinical significance
warrant further study, and represent a potentially modifiable risk factor in the pathway from
AKI to CKD.

METHODS
Setting and Study Population

This retrospective cohort study included admissions to all Veterans Affairs (VA) Health
Administration hospitals with at least 100 admissions per year (N=116) from January 1,
2004 through December 31, 2012. Patients were eligible for study inclusion if they were >18
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years of age; had =1 annual encounter in the VA system for the 2 years prior to
hospitalization; had no AKI hospitalizations during a 2-year “look back” period; =1
outpatient serum creatinine and urine dipstick measurement 7 to 365 days prior to
hospitalization (to establish baseline renal function and proteinuria); =1 outpatient dipstick
proteinuria measurement in the 12 months following hospital discharge; and hospital length
of stay <30 days (to avoid enriching for patients receiving long-term/chronic skilled care)
(Figure 1). Patients were excluded from the study based upon end stage renal disease
(ESRD); history of solid organ transplant; hospice referral during the hospitalization; known
primary glomerular disease (e.g. membranous glomerulonephritis, minimal change disease);
nephrectomy during the index hospitalization; and pre-hospitalization urine dipstick
proteinuria of 21000 mg/dL (>3+), as further increase in proteinuria is not detectable by
semi-quantitative dipstick measurement. Among patients with more than one qualifying
hospitalization, the first hospitalization was selected.

The study was approved by the Institutional Review Board and the Research and
Development committee of the Tennessee Valley Healthcare System VA.

Data Sources

Definitions

The primary data sources used in this study were the Veterans Health Administration
Corporate Data Warehouse (CDW) and the Medical SAS files.56-68 Demographics, vital
signs, laboratory data, pharmacy information, and inpatient and outpatient International
Classification of Diseases, 9™ edition (ICD-9) diagnoses were obtained using the CDW.
Inpatient Current Procedural Terminology (CPT) codes were obtained using the Medical
SAS files. Dialysis was ascertained using ICD-9 and CPT codes, with linkage to the United
States Renal Data System (USRDS) records. Codes used to identify comorbidities,
procedures, and inpatient exposures are listed in Supplementary Table 10. Medication data
was obtained from VA pharmacy fill records and the inpatient Bar Code Medication
Administration record. Contrast dye exposure was ascertained using ICD-9 and CPT codes,
and text string processing of radiologic procedure names.

Baseline kidney function was defined using the Modification of Diet in Renal Disease
formula to calculate estimated glomerular filtration rate (eGFR).69 Based on our prior
publication, mean outpatient serum creatinine between 7 and 365 days prior to
hospitalization was used to calculate baseline eGFR.70 Using the peak creatinine occurring
at any time during hospital admission, AKI was staged with modified Kidney Disease
Improving Global Outcomes (KDIGO) creatinine-based consensus criteria as follows: Stage
I, 20.3mg/dL creatinine increase from baseline or creatinine 1.5-1.9 times baseline; Stage II,
creatinine 2.0-2.9 times baseline; and Stage 111, creatinine 3.0 times baseline or initiation of
renal replacement therapy (dialysis).”* To improve AKI definition specificity and because
we had baseline creatinine available,”? we did not apply a rolling 48 hour window (Stage 1)
or the criterion of creatinine =24.0mg/dL (Stage I11). Urine output data was not available. Pre-
admission CKD was defined as an outpatient baseline eGFR <60 ml/min/1.73 m2. ESRD
was defined by a baseline eGFR <15 ml/min/1.73 m2, receipt of dialysis, or history of renal
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transplantation. Cross-linkage with USRDS was used to confirm non-eGFR based ESRD
diagnoses (i.e. chronic dialysis, renal transplantation).

For the primary outcome measure, proteinuria was captured using urine dipstick, based on
outpatient measurements obtained 7-365 days prior to the index hospitalization, and at 1—
365 days post-discharge. Using standard semi-quantitative urine dipstick thresholds,
proteinuria was categorized as 0 = negative, trace = 10-29 mg/dL, 1+ = 30-99 mg/dL, 2+ =
100-299 mg/dL, 3+ = 300-999 mg/dL, >3+ = =1000 mg/dL. In patients with multiple pre-
admission proteinuria measurements, the median value was used to calculate baseline.” In
patients with multiple dipstick proteinuria measurements in individual months of the follow-
up period, the median dipstick proteinuria concentration for the month was used for analysis.

Cohort Selection via Optimal Matching

Because unbalanced baseline characteristics and exposures that increase AKI risk would
result in confounding if patients were simply classified by the presence of AKI, we
generated a matched cohort of patients such that the distributions of those characteristics
were similar in the AKI and non-AKI groups. To ensure perfect balance of preadmission
dipstick proteinuria and to facilitate optimal matching in this large cohort, patients were
matched on important risk factors for AKI and/or predictors of our outcome within the
following strata: 1. median pre-admission dipstick proteinuria 7-365 days prior to
admission, 2. baseline eGFR, 3. baseline diabetes, 4. age, and 5. mean outpatient systolic
blood pressure in the year prior to admission. Optimal Mahalanobis distance matching’4 was
used to select patients within each stratum, matching on all baseline factors not perfectly
balanced via initial stratification, including demographics, baseline characteristics, pre-
morbid diagnoses, hospitalization variables, inpatient exposures, and inpatient diagnoses
(full covariate list shown in Supplementary Table S11). Mahalanobis distance matching
compares patients directly on their covariates, allowing patients who are similar but not
exactly the same to match. Excepting baseline protein dipstick, missing values were
permitted and potentially informative missingness was handled using indicator variables.”®
Most but not all patients with AKI had a good non-AKI match; thus, we selected the set of
80% best matches for the matched cohort. We assessed the absolute standardized difference
among matching variables using a threshold of <10% (0.10) to define adequate covariate
balance.”® All design choices were made prior to the analysis of any outcomes.

Statistical Analyses

Baseline cohort characteristics for categorical variables were expressed as proportions and
continuous variables were described using median and interquartile ranges (IQR). To
account for potential surveillance bias and the anticipated higher rate of death in the AKI
group during the follow-up period, we used inverse probability sampling weights (IPSW).””
At each month of follow up, the patients with observed proteinuria measurements were
weighted so that the distribution of baseline covariates in the observed patients always
mirrored the baseline distribution. Thus having controlled for baseline confounding and
ascertainment/survival bias, we presented the comparative distributions of dipstick values
over time. We assessed the odds of patients having =1+ (30mg/dL) proteinuria during each
month of follow-up in the AKI and non-AKI groups using logistic regression with IPSW as
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sampling weights. We chose a cut-off of =1+ proteinuria, which has been previously defined
as clinically apparent proteinuria (macroalbuminuria) and strongly associates with kidney
disease outcomes.’8

Pre-specified Subgroup Analyses—We performed several pre-specified subgroup
analyses. First, because diabetes mellitus is associated with proteinuria’® and may modify
the relationship between AKI and subsequent degree of proteinuria, we performed a
subgroup analysis to assess change from baseline proteinuria during the follow-up period
according to diabetic status. Because proteinuria levels are affected by ACEI/ARB,43:80
which may be discontinued during the peri-AKI period, we performed a subgroup analysis
stratified by whether patients were on ACEI/ARB at baseline (pharmacy fill within 90 days
prior to admission). This was intended to ensure that observed changes in proteinuria in the
AKI group were not solely attributable to changes in ACEI/ARB use.

In a third subgroup analysis, we evaluated the relationship between AKI severity and
subsequent worsening proteinuria. We compared Stage | AKI with matched non-AKI
counterparts, and Stage Il or 111 AKI with matched non-AKI counterparts. As in our main
analysis, we performed IPSW logistic regression using AKI as the exposure variable, and
assessed the odds of patients having =1+ (30mg/dL) proteinuria during each month of
follow-up.

Evaluating Potential Confounders—\We examined whether differences in systolic
blood pressure or urine specific gravity during the follow-up period impacted the results of
the primary analysis. To account for potential ascertainment bias during the follow-up
period, we performed IPSW for each of these factors. Systolic blood pressure and urine
specific gravity are reported as mean + standard deviation per month of follow-up.

Subgroup Analyses Stratified by Degree of Baseline Proteinuria—To examine
whether the association between AKI and subsequent proteinuria is modified by degree of
baseline proteinuria, we conducted two additional subgroup analyses. First, in patients with
negative or trace baseline proteinuria, we assessed the odds of patients developing =1+
proteinuria during each month of follow-up in the AKI and non-AKI groups using logistic
regression with IPSW. Second, in patients with =1+ proteinuria at baseline, we assessed the
odds of patients developing a higher degree of proteinuria during each month of follow-up in
the AKI and non-AKI groups using logistic regression with IPSW.

Statistical analyses were performed using R, version 3.1.2.81

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow diagram depicting selection of eligible hospitalizations for the study cohort.
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Bar plot depicting degree of proteinuria in patients experiencing versus those not
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Bar plot depicting degree of proteinuria in patients experiencing versus those not
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or angiotensin Il receptor blocker (ACEI/ARB) within 90 days prior to admission (C: bottom
left), or on ACEI/ARB within 90 days prior to admission (D: bottom right).
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Baseline and inpatient characteristics of matched cohort
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Characteristic Total No AKI AKI Standardized Difference
(n=181,228) (n=90,614) (n=90,614)
Demographics
Age 66 (59-77) 66 (59-77) 67 (59-77) <0.01
Gender (% male) 177,266 (98%) | 88,688 (98%) | 88,578 (98%) <0.01
Race (% white) 136,239 (75%) | 68,556 (76%) | 67,683 (75%) 0.02
Baseline characteristics
Preadmission low dipstick proteinuria (Negative) 122,700 (68%) | 61,130 (67%) 61,570 (68%) <0.01
Preadmission high dipstick proteinuria (3+) 9,750 (5%) 4,672 (5%) 5,078 (6%) 0.04
Median (baseline) pre-admission dipstick proteinuria 110,460 (61%) | 55,230 (61%) 55,230 (61%) <0.01
(Negative)
Baseline eGFR mL/min/1.73m? 62 (48-77) 62 (48-77) 62 (47-77) 0.01
Mean preadmission systolic blood pressure 134 (125-144) | 134 (125-143) | 135 (125-144) 0.05
ACEI/ARB use within 90 days 101,322 (56%) | 49,416 (55%) | 51,906 (57%) 0.06
Prescription NSAID use within 90 days 36,787 (20%) 17,098 (19%) 19,689 (22%) 0.07
Diuretic use within 90 days 78,215 (43%) 36,800 (41%) 41,415 (46%) 0.10
Number of creatinine measurements in year prior to 3.0 (2.0-5.0) 3.0 (2.0-4.0) 3.0 (2.0-5.0) 0.08
admission
Number of urine dipstick proteinuria measurements in 1.0 (1.0-2.0) 1.0 (1.0-2.0) 2.0 (1.0-2.0) 0.08
year prior to admission
Comorbidities
Diabetes mellitus 87,429 (48%) | 42,200 (47%) | 45,229 (50%) 0.07
Hypertension 141,162 (78%) | 70,555 (78%) | 70,607 (78%) <0.01
Congestive heart failure 19,103 (11%) 8,999 (10%) 10,104 (11%) 0.04
Coronary artery disease 51,765 (29%) 25,465 (28%) 26,300 (29%) 0.02
Liver disease / cirrhosis 3,765 (2%) 1,835 (2%) 1,930 (2%) <0.01
Peripheral vascular disease 7,244 (4%) 3,487 (4%) 3,757 (4%) 0.02
Dementia 5,971 (3%) 2,859 (3%) 3,112 (3%) 0.02
Cerebrovascular disease 23,844 (13%) 11,090 (12%) 12,754 (14%) 0.05
Chronic obstructive pulmonary disease 11,857 (7%) 5,411 (6%) 6,446 (7%) 0.05
Peptic ulcer disease 4,016 (2%) 1,991 (2%) 2,025 (2%) <0.01
Cancer (except non-melanoma skin cancer) 32,960 (18%) 15,394 (17%) 17,566 (19%) 0.06
Acuity
ICU hospitalization 22,582 (12%) | 9,730 (11%) | 12,852 (14%) 0.10
AKI characteristics
Stage 1 N/A N/A 75,862 (84%) N/A
Stage 2 N/A N/A 9,575 (10%) N/A
Stage 3 N/A N/A 5,177 (6%) N/A
Inpatient exposures
Contrast dye exposure 12,357 (7%) 5,778 (6%) 6,579 (7%) 0.04
NSAID use 13,397 (7%) 6,238 (7%) 7,159 (8%) 0.04
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Characteristic

Severe Sepsis

Major Surgery
Abdominal

Vascular

Inpatient Conditions

Congestive heart failure

Acute coronary syndrome

Total
(n=181,228)

11,377 (6%)
23,998 (13%)
8,204 (5%)

4,411 (2%)
5,302 (3%)

No AKI
(n=90,614)

3,571 (4%)
10,699 (12%)
3,018 (4%)

2,197 (2%)
2,587 (3%)

AKI
(n=90,614)

7,806 (9%)
13,299 (15%)
4,286 (5%)

2,214 (2%)
2,715 (3%)

Standardized Difference

0.19
0.08
0.02

<0.01
<0.01

Abbreviations: ACEI/ARB, angiotensin converting enzyme inhibitor or angiotensin Il receptor blocker; eGFR, estimated glomerular filtration rate;
ICU, intensive care unit; NSAID, non-steroidal anti-inflammatory drugs. Variables used in matching with prevalence <2% not shown in the table
include: Connective tissue disease, acute decompensated liver disease, prior stem cell or bone marrow transplant, HIV, mechanical ventilation,
aminoglycoside exposure, inpatient gastrointestinal bleed, cardiac surgery during hospitalization, and inpatient chemotherapy. Veterans Integrated
Service Network (VISN) location and year of admission were used in matching but omitted from the table due to number of categories.

Categorical variables are presented as absolute numbers and percentages. Continuous variables are reported as median and interquartile range.
Standardized difference less than 10% (0.10) represents no significant difference between groups after matching.

Kidney Int. Author manuscript; available in PMC 2019 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Parr et al.

Table 2

Page 20

Inverse probability sampling weighted logistic regression for dipstick proteinuria during 12-month follow-up
after hospital discharge.

Month | Odds Ratio (95% Cl) | P-value
1 1.35(1.29-1.41) <0.001
2 1.39 (1.33-1.46) <0.001
3 1.32 (1.26-1.39) <0.001
4 1.26 (1.19-1.32) <0.001
5 1.29 (1.22-1.36) <0.001
6 1.29 (1.22-1.36) <0.001
7 1.24 (1.17-1.31) <0.001
8 1.23 (1.16-1.30) <0.001
9 1.23 (1.16-1.30) <0.001
10 1.20 (1.13-1.27) <0.001
11 1.25(1.17-1.34) <0.001
12 1.23 (1.12-1.35) <0.001

95% ClI: 95% Confidence Interval. Odds Ratio represents odds of having = 1+ median dipstick proteinuria per month during follow-up using non-
AKI group as reference group.
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