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ABSTRACT
Acute kidney injury (AKI) associates with higher in-hospital mortality, but whether it also associates with
increased long-term mortality is unknown, particularly after accounting for residual kidney function after
hospital discharge. We retrospectively analyzed data from US veteran patients who survived at least 90 d
after discharge from a hospitalization. We identified AKI events not requiring dialysis from laboratory
data and classified them according to the ratio of the highest creatinine during the hospitalization to the
lowest creatinine measured between 90 d before hospitalization and the date of discharge. We estimated mortality risks using multivariable Cox regression models adjusting for demographics, comorbidities, medication use, primary diagnosis of admission, length of stay, mechanical ventilation, and
postdischarge estimated GFR (residual kidney function). Among the 864,933 hospitalized patients in the
study cohort, we identified 82,711 hospitalizations of patients with AKI. In the study population of
patients who survived at least 90 d after discharge, 17.4% died during follow-up (AKI 29.8%, without AKI
16.1%). The adjusted mortality risk associated with AKI was 1.41 (95% confidence interval [CI] 1.39 to
1.43) and increased with increasing AKI stage: 1.36 (95% CI 1.34 to 1.38), 1.46 (95% CI 1.42 to 1.50), and
1.59 (95% CI 1.54 to 1.65; P ⬍ 0.001 for trend). In conclusion, AKI that does not require dialysis
associates with increased long-term mortality risk, independent of residual kidney function, for patients
who survive 90 d after discharge. Long-term mortality risk is highest among the most severe cases
of AKI.
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Acute kidney injury (AKI) affects up to 15.3% of all
hospitalized patients.1,2 Regardless of the underlying cause, AKI is associated with significantly increased in-hospital morbidity, mortality, and
costs.2–16 The majority of previous studies linking
AKI to mortality examined in-hospital mortality
only and did not address postdischarge morbidity
and mortality.2,4,7,8,10,11,13–16 Studies examining
postdischarge mortality have focused primarily on
critically ill patients with AKI that requires dialysis.9
Consequently, it remains unclear whether AKI that
does not require dialysis is associated with a higher
long-term risk for all-cause mortality.
One of the challenges of long-term mortality
studies is to estimate the mortality risk independently associated with AKI from risk associated
with chronic kidney disease (CKD). Some patients
J Am Soc Nephrol 21: 345–352, 2010

have incomplete recovery of their kidney function
after AKI, and CKD is associated with a higher risk
for mortality.17,18 To evaluate the independent
long-term mortality risk of AKI, it is essential to
adjust for postdischarge kidney function. The objective of this study was to estimate the postdischarge, long-term mortality risk associated with
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AKI while adjusting for residual kidney function in a large
cohort of US veterans.

RESULTS

We identified 864,933 patients who had a first hospitalization
during our study period and met the inclusion criteria. The
cohort was predominantly male (4.9% female), and the mean
age was 61.8 yr. From this cohort, we identified 82,711 hospitalizations of patients with AKI (9.6% of the cohort), categorized as follows: Acute Kidney Injury Network (AKIN) stage I,
52,338; stage II, 19,771; and stage III, 10,602. Baseline characteristics for patients with and without AKI are presented in
Table 1 . As expected, patients with AKI had more comorbidities compared with patients without AKI. Mechanical ventilation was also more prevalent and the hospital length of stay was
longer for patients with AKI.
The mean number of creatinine values for each patient was
3.5 at baseline and 1.1 after discharge. Baseline creatinine values were missing in 5.0% of patients without AKI (by definition, no baseline creatinine values was missing in the AKI
group), and 57.2% had at least one creatinine value before
admission (versus 60.5% in the AKI group). The proportions of
patients with postdischarge values in the group without AKI
were 23, 38, and 48% within 30, 60, and 90 d respectively,
whereas the corresponding proportions were 38, 55, and 65%
in the AKI group. The latest creatinine value before discharge
was ⱕ1.3 mg/dl (115 mol/L) in 89% of patients with at least
one inpatient value in the group without AKI and 78% in the
AKI group. Because we included the latest inpatient value in
the postdischarge creatinine assessment when a postdischarge
creatinine was missing, 89.8% of those without AKI and 100%
of the AKI group had a “postdischarge” value before imputation.
During follow-up (mean duration 2.34 yr [1.43]), 150,231
(17.4%) patients died. The crude cumulative risk for death was
higher in the group with AKI (29.8%) than in the group without AKI (16.1%). Crude and adjusted hazard ratios (HRs) obtained from the Cox proportional hazards regression models
are presented in Table 2. Whereas each successive addition of
covariates to the model reduced the mortality risk estimate,
AKI remained associated with a 41% increased risk for allcause mortality in the fully adjusted model (adjusted HR 1.41;
95% confidence interval [CI] 1.39 to 1.43). A risk gradient was
found among the three AKI categories (adjusted HR 1.39 versus 1.51 versus 1.71, for AKIN stages I, II, and III, respectively,
compared with no AKI), with severity of AKI associated with
increasing risk for death (P ⬍ 0.001 for trend). Unadjusted
Kaplan-Meier survival curves stratified by AKIN categories of
AKI are presented in Figure 1.
As shown in Table 3, mortality risks were lower in patients
who had lower baseline estimated GFR (eGFR; adjusted HR
1.45 versus 1.35 versus 1.31 versus 1.23 for eGFR ⱖ90, 60 to 89,
45 to 59, and 30 to 44 ml/min per 1.73 m2, respectively). AKI346
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associated mortality HR also decreased with older age and was
slightly lower in patients with diabetes compared with those
without diabetes (Table 3).
Between baseline and postdischarge periods, eGFR decreased by a median of 1.5% (0.4 to 16.7%). In 56.4% of the
patients, this decrease, if any, was ⱕ 10%, and they were considered to have recovered from AKI or to have maintained
their kidney function. Among those patients, AKI was also associated with a higher mortality risk (adjusted HR 1.47; 95%
CI 1.43 to 1.51). Mortality risk also varied with baseline eGFR
(Table 4) with risk decreasing with lower baseline eGFR.
Both sensitivity analyses in which we included patients who
were readmitted in the first 30 d after discharge or in which we
did not include the latest inpatient creatinine value as a postdischarge value showed similar results to the main model (adjusted HR 1.40 [95% CI 1.38 to 1.42] and 1.44 [95% CI 1.42 to
1.46], respectively). The complete case analysis showed similar
results (adjusted HR 1.33; 95% CI 1.31 to 1.35). The fourth
sensitivity analysis, in which we limited the sample to survivors
at 6 mo after discharge (n ⫽ 201,879) and started follow-up at
that time, also showed a higher mortality risk associated with
AKI (crude HR 1.19 [95% CI 1.18 to 1.21]; HR adjusted for
demographics, comorbidities, and hospitalization details 1.14
[95% CI 1.12 to 1.16]; and fully adjusted HR 1.13 [95% CI 1.11
to 1.14]).

DISCUSSION

This study evaluated long-term mortality risk with AKI not
requiring dialysis in a large adult cohort with relatively long
follow-up. To our knowledge, this is the first study to attempt
to disentangle the direct association of AKI with mortality independent of the short-term loss of kidney function induced
by AKI. We have shown that AKI is associated with a higher
mortality risk in patients who survived for at least 90 d after
hospital discharge and that the risk increases continuously
with increasing severity of AKI.
The association of AKI and higher in-hospital mortality has
been clearly demonstrated, and the magnitude of the association seems to depend on the population.2–16 Postdischarge
mortality has also been evaluated in patients with severe AKI
requiring renal replacement therapies.9 Our results are consistent with the few studies that reported long-term mortality in
patients with less severe forms of AKI.3,5,12,15,19,20 In patients
admitted to an intensive care unit, the 1-yr mortality was
found to be higher in patients with mild and severe renal dysfunction but not with moderate dysfunction.3 In the same
study, when the sample was restricted to patients who were
discharged alive, the crude cumulative risk for death was more
than two times higher in patients with moderate and severe
AKI than in those without AKI (4.5, 11.4, and 12.6% for no
AKI, moderate AKI, and severe AKI, respectively); however,
those risks were not evaluated in a multivariate model and were
not adjusted for kidney function after the event. Among elderly
J Am Soc Nephrol 21: 345–352, 2010
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Table 1. Baseline characteristics of study participants
Baseline Characteristic
Demographics
age (yr; mean ⫾ SD)
female gender (%)
race (%)
white
black
Hispanic
other
Follow-up time (yr; mean ⫾ SD)
eGFR (ml/min per 1.73 m2; median 关first and third quartiles兴)
baseline
after discharge
Concurrent conditions before admission (%)
previous AKIa
cancer
cardiac and vascular diseasesb
CKD
chronic obstructive pulmonary disease
diabetes
hypertension
neurodegenerative diseasesc
mental health disordersd
hospitalization in previous month
hospitalization in previous yeare
Medication use before admission (%)
ACEIs/ARBs
␤ blockers
diuretics
NSAIDs
other nephrotoxic drugs
platelet aggregation inhibitors
Hospitalization details
hospitalization primary diagnosis (%)
circulatory
digestive
infectious
neoplasms
respiratory
other
mechanical ventilationf
length of stay (d; median 关first and third quartiles兴)
Hospitalization between 30 and 90 d after discharge (%)

With AKI
(n ⴝ 82,711)

No AKI
(n ⴝ 782,222)

66.3 ⫾ 12.4
3.2

61.3 ⫾ 13.7
5.0

71.6
21.7
4.0
1.9
2.08 ⫾ 1.42

72.0
20.5
4.0
2.0
2.36 ⫾ 1.43

93.8 (71.0, 122.2)
75.0 (56.3, 96.7)

86.3 (70.3, 103.8)
81.5 (65.8, 97.9)

1.1
14.6
37.5
4.5
4.3
33.6
61.1
5.0
25.2
0.9
8.0

0.3
10.5
28.9
2.0
4.3
22.9
48.7
3.9
31.3
0.4
6.1

40.8
29.5
35.4
25.6
13.8
26.9

28.5
23.7
23.0
26.9
10.9
21.6

20.8
11.8
2.3
7.6
10.2
47.2
6.45
10 (5, 27)
13.7

20.2
8.3
1.1
5.1
6.5
58.9
0.4
4 (2, 8)
10.0

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAID, nonsteroidal anti-inflammatory drug.
a
Defined as the presence of at least one ICD-9-CM diagnostic code 584.xx in the 2 yr before the index admission date.
b
Include congestive heart failure, ischemic disease, arrhythmia, peripheral vascular disease, stroke, and valvular disease.
c
Include Parkinson disease, Alzheimer disease, other dementia, and multiple sclerosis.
d
Include major depression, posttraumatic stress disorder, anxiety disorder, schizophrenia, bipolar disorder, alcohol abuse, and drug abuse.
e
Excludes hospitalizations in the previous month.
f
Defined by the presence of ICD-9-CM procedure code 96.04 or 96.7x during hospitalization.

Medicare beneficiaries who were discharged alive after an
acute myocardial infarction, patients with AKI had a 10 to 39%
increased risk for death during a 10-yr period, depending on
the severity and definition of AKI, compared with patients
without AKI.19,20 AKI after percutaneous coronary intervention5,12 or cardiothoracic surgery21,22 has also been associated
with long-term mortality. In another study, patients with temJ Am Soc Nephrol 21: 345–352, 2010

porary worsening of renal function after abdominal aortic aneurysm surgery (defined as a return to within 10% of the estimated baseline creatinine clearance 3 d after surgery) had 50%
higher long-term mortality risk compared with those with no
AKI.15 In two studies in which data on patients without AKI
were not available, the 3-yr survival ranged from 50 to 73% in
patients who were discharged alive.23,24 Early studies have
Acute Kidney Injury and Mortality
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Table 2. HR (95% CI) of all-cause mortality associated with AKI
Parameter

Crude

ⴙDemographicsa

ⴙComorbidities
and Medication
Useb

ⴙHospitalization
Detailsc

ⴙPostdischarge
eGFR
Categoriesd

No AKI (n ⫽ 782,222)
With AKI (n ⫽ 82,711)
By AKIN stage of AKIe
I (n ⫽ 52,338)
II (n ⫽ 19,771)
III (n ⫽ 10,602)

1.00 (reference)
2.10 (2.07 to 2.13)

1.00 (reference)
1.70 (1.68 to 1.73)

1.00 (reference)
1.55 (1.53 to 1.57)

1.00 (reference)
1.45 (1.43 to 1.47)

1.00 (reference)
1.41 (1.39 to 1.43)

2.01 (1.98 to 2.04)
2.20 (2.15 to 2.26)
2.35 (2.27 to 2.43)

1.62 (1.59 to 1.65)
1.80 (1.75 to 1.84)
1.98 (1.92 to 2.05)

1.48 (1.45 to 1.50)
1.61 (1.57 to 1.66)
1.81 (1.74 to 1.87)

1.39 (1.37 to 1.42)
1.51 (1.47 to 1.55)
1.71 (1.65 to 1.77)

1.36 (1.34 to 1.38)
1.46 (1.42 to 1.50)
1.59 (1.54 to 1.65)

a

Model adjusted for age, gender, race, and VA priority status.
Model adjusted for demographics and previous AKI, rheumatoid arthritis, arrhythmia, cerebrovascular disease, congestive heart failure, CKD, previous cancer,
chronic obstructive pulmonary disease, cardiovascular disease, diabetes, hyperlipidemia, hypertension, liver disease, osteoarthritis, peptic ulcer disease,
peripheral vascular disease, valvular disease, low back pain, inflammatory bowel disease, multiple sclerosis, history of seizures, Parkinson disease, Alzheimer
disease, other dementia, major depression, posttraumatic stress disorder, anxiety disorder, schizophrenia, bipolar disorder, alcohol abuse, drug abuse, tobacco
use disorder, previous hospitalizations (previous month and previous year), angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, ␤
blockers, calcium-channel blockers, corticosteroids, diuretics, immunosuppressants, nitrates, nonsteroidal anti-inflammatory drugs, oral anticoagulants, platelet
aggregation inhibitors, and other nephrotoxic drugs.
c
Model adjusted for demographics, comorbidities, and medication use and index admission primary diagnosis, mechanical ventilation use, and hospital length
of stay.
d
Model fully adjusted for demographics, comorbidities and medication use, and hospitalization details and postdischarge eGFR categories.
e
AKIN categories are defined by the ratio of the highest creatinine to the lowest creatinine. AKIN I is a ratio ⱖ1.5 and ⬍2, AKIN II is a ratio ⱖ2 and ⬍3, and
AKIN III is a ratio ⱖ3.
b

Cumulative probability of survival (%)

100

80

60
No AKI
AKIN I
AKIN II
AKIN III

40

20

0

Number at risk
782222
601772
52338
37234
19771
13692
10602
7173

0

1

443730
25798
9210
4639

2

296128
16441
5712
2723

3

138820
7758
2633
1200

No AKI
AKIN I
AKIN II
AKIN III

4

Follow−up time (years)
Figure 1. Unadjusted Kaplan-Meier survival curves by AKIN
categories are shown. Time is calculated from 90 d after discharge of the index admission. AKIN categories are defined by
the ratio of the highest creatinine to the lowest creatinine. AKIN
I is a ratio ⱖ1.5 and ⬍2, AKIN II is a ratio ⱖ2 and ⬍3, and AKIN
III is a ratio ⱖ3. Log-rank test: P ⬍ 0.001.

shown that kidney function can remain impaired after AKI
even when the creatinine had returned to baseline levels.25 This
lower “kidney reserve” combined with an ongoing progressive
damage caused by “rarefaction” of peritubular capillaries may
be possible biologic pathways explaining our findings.26 Moreover, experimental studies have shown that AKI can injure
other organs such as the heart and the lungs27–29; however,
until further studies evaluate long-term eGFR decline and
348
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causes of death after AKI, these pathways underlying the longterm mortality risk remain speculative.
Our results showing an adjusted mortality risk increase
from 1.36 to 1.59 with AKIN stage I to stage III is consistent
with previous evaluations of the correlation between AKI classification and in-hospital mortality.11,13,21,30 This suggests that
the predictive power of AKI classification is persistent with
time, as we show in Figure 1. In one study, AKI classification
did not predict 60-d and 6-mo mortality, but it was probably
due to lack of statistical power.30
Because CKD is a strong predictor of mortality, we expected
a dramatic lowering of the mortality risk estimate when postdischarge eGFR was added to the multivariate model, but we
found that the HR dropped only from 1.45 to 1.41. The effect
was greater in those with AKIN stage III (from 1.71 to 1.59), for
which the proportion of patients with CKD induced by AKI is
probably higher. Comparable results in the sample restricted
to the patients who recovered or maintained their kidney function compared with the whole sample (1.41 versus 1.47) provide further evidence that adjustment for residual kidney function did work effectively in the main model.
The long-term mortality risk in patients who recover from AKI
has not been studied extensively. In most studies in which renal
recovery was assessed, it was defined as being dialysis independent, which has no bearing in our study population.31 As previously mentioned, a temporary worsening of kidney function was
associated with mortality.15 Similarly, long-term mortality risks in
patients who had AKI after cardiac surgery and recovered at discharge were previously found to be comparable to patients who
did not recover.22 In another study, recovery of renal function
occurred in 92.5% of the AKI cases.30 This is considerably higher
than the 30.9% we found in our study, mostly because our definition of renal recovery was more restrictive.
Age is a known risk factor for AKI10,16; however, our results
J Am Soc Nephrol 21: 345–352, 2010
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Table 3. Adjusted all-cause mortality HRs associated with AKI for various subgroups
Parameter
Baseline eGFR (ml/min per 1.73 m2)
ⱖ90
ⱖ60, ⬍90
ⱖ45, ⬍60
ⱖ30, ⬍45
Age
⬍50
50 to 59
60 to 69
70 to 79
ⱖ80
Gender
female
male
Diabetes status
no diabetes
diabetes
a

With AKI
(n ⴝ 82,711)

No AKI
(n ⴝ 782,222)

Adjusted Mortality HRa

44,641 (54.0%)
26,042 (31.5%)
7983 (9.7%)
4045 (4.9%)

365,520 (46.7%)
322,818 (41.3%)
68,361 (8.7%)
25,523 (3.3%)

1.45
1.35
1.31
1.23

1.42
1.32
1.25
1.16

to
to
to
to

1.48
1.39
1.36
1.30

7992 (9.7%)
19,897 (24.1%)
18,910 (22.9%)
24,176 (29.2%)
11,736 (14.2%)

165,965 (21.2%)
225,033 (28.8%)
153,699 (19.7%)
162,688 (20.8%)
74,837 (9.6%)

1.84
1.62
1.42
1.31
1.24

1.72
1.56
1.37
1.28
1.20

to
to
to
to
to

1.96
1.68
1.46
1.34
1.28

2683 (3.2%)
80,028 (96.8%)

39,405 (5.0%)
742,817 (95.0%)

1.49
1.41

1.34 to 1.65
1.39 to 1.43

54,897 (66.4%)
27,814 (33.6%)

603,326 (77.1%)
178,896 (22.9%)

1.44
1.33

1.42 to 1.47
1.29 to 1.36

95% CI

Adjusted for demographics, comorbidities and medication use, hospitalization details, and postdischarge eGFR categories.

Table 4. Adjusted all-cause mortality HRs associated with AKI for patients with renal recovery or without deterioration of
kidney function
Baseline eGFR (ml/min per 1.73 m2)
All
ⱖ90
ⱖ60, ⬍90
ⱖ45, ⬍60
ⱖ30, ⬍45

With AKI (n 关%兴)

No AKI (n 关%兴)

Adjusted Mortality HRa

25,564
9983 (39.1)
9630 (37.7)
3915 (15.3)
2036 (8.0)

462,394
176,409 (38.2)
217,931 (47.1)
50,694 (11.0)
17,360 (3.8)

1.47
1.52
1.39
1.39
1.21

95% CI
1.43
1.46
1.33
1.31
1.12

to
to
to
to
to

1.51
1.59
1.45
1.48
1.30

A patient is considered to have recuperated or not had deterioration of kidney function when there is no decrease from the baseline eGFR to the eGFR after
discharge ⬎ 10% of the baseline eGFR. When postdischarge creatinine was missing, postdischarge eGFR was calculated using imputed creatinine by multiple
imputation; however, a baseline eGFR value was required to be included. A patient may have been included in the “no AKI” group because the ratio of the
highest to lowest creatinine within the baseline period was ⬍1.5 but still not included in this analysis when eGFR decrease was ⬎10% when baseline and
postdischarge eGFR values were compared.
a
Adjusted for demographics, comorbidities and medication use, and hospitalization details. The reference is the “no AKI” group.

suggest that experiencing AKI is more strongly associated with
mortality in younger than older age groups. This may be explained by the fact that inducing AKI in a younger individual
requires a more severe insult than in an older one, and this
severe insult is also probably associated with a higher risk for
mortality despite extensive covariate adjustment. Moreover,
because age is in itself a strong risk factor for mortality among
all patients, AKI would have a smaller attributable fraction in
older patients and therefore a smaller observed relative risk for
mortality. For all of these reasons, various age distributions in
different studies should be taken into account when comparing estimates of association between AKI and long-term
mortality. A similar pattern to age can be seen with eGFR before AKI. Indeed, CKD is also recognized as a risk factor for
AKI, and CKD stages are independently associated with
mortality.18,32
Heterogeneous definitions of AKI are an important issue in
research pertaining to AKI. Traditionally, large observational
studies used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify
AKI, but it is recognized that use of codes alone has poor senJ Am Soc Nephrol 21: 345–352, 2010

sitivity.1 Moreover, they depend on the provider to define AKI,
and, without a standard clinical definition, this leads to heterogeneity among cases and inability to classify AKI severity beyond requirement for dialysis. Although the AKIN definition is
now widely accepted in prospective or intensive care unit studies, it is not readily applicable to observational studies using
health care or administrative databases, because timing of creatinine tests is variable and urine output is often not available.
To mimic clinical practice, in which, before diagnosing AKI,
physicians examine previous creatinine values before admission to assess baseline kidney function, we extend the period of
the baseline creatinine assessment to 90 d before admission.
This definition is probably slightly more sensitive than a definition limited to in-hospital values, because it increases the
probability of finding a lower baseline value, mostly in patients
in whom AKI started before hospitalization. This higher sensitivity may decrease the bias caused by misclassification of
AKI, reducing the bias of the HR toward the null. This extended period for baseline creatinine assessment may also increase the likelihood of including less severe cases, which
would dilute the overall effect. This is not a bias but only an
Acute Kidney Injury and Mortality
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effect of choosing different definitions of AKI; however, this
dilution with less severe cases should not affect considerably
the risk in the more severe AKI categories.
Our study has several limitations. Even though increasing
evidence shows that AKI is independently associated with
long-term mortality in different clinical settings, AKI is often
viewed as a proxy of disease severity.27,33 Despite our careful
and extensive adjustment for covariates, we cannot exclude the
possibility of residual confounding as a result of the presence of
an unmeasured confounder or measurement error on included factors. Similarly, sicker patients may have had more
creatinine measurements, leading to a higher probability of
being identified with AKI (ascertainment bias). We selected a
90-d period after discharge for assessing residual kidney function to optimize availability of at least one creatinine value in
the period and limit the possibility that renal function would
significantly improve after our assessment. Had we extended
the period excessively, we would have had to exclude a greater
number of patients who died during this period. It is known
that kidney function continues to improve after hospital discharge, mainly in the first 3 to 6 mo24,31; therefore, it is possible
that, for some patients, the latest creatinine value that we used
in our models may not completely capture the new kidney
function status. The long-term mortality association remained
true in our sensitivity analysis at 6 mo, however, but the magnitude of the risk was lower, probably because of the highly
selected population in this analysis (survivors and still followed
at 6 mo) that counted for ⬍25% of the main sample. Finally,
because of the ascertainment period after discharge, the results
of our study can be applied only to patients who survived at
least 90 d after discharge.
In summary, we found that AKI not requiring dialysis is
associated with an increased risk for postdischarge mortality
for patients who survived ⱖ90 d after hospital discharge. This
association is independent of residual kidney function after
hospital discharge. The mortality risk is higher in more severe
cases of AKI. Prospective studies that evaluate the clinical
course (including changes in kidney function after 90 d) and
optimal treatment of patients discharged after AKI are needed
to improve outcomes.

CONCISE METHODS
We conducted a retrospective cohort study of adult veterans receiving
care in the US Department of Veterans Affairs (VA) health care system.

Data Sources

The VA provides care to ⬎7 million veterans in the United States
through an integrated national health care system. Data from electronic medical records are collected and maintained in local facilities
using standardized methods and quality control protocols before being sent to regional and national centers. For this study, we used
linked research data sets, containing patient characteristics, diagnosis
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and procedure codes, prescriptions dispensed, and laboratory test results, created as part of the Diabetes Epidemiology Cohorts.34,35 This
is a national registry of linked VA and Medicare data going back more
than a decade that was established by our research team. Previous
work included evaluation of methods for disease identification, including diabetes,36 CKD,37 and other conditions.38 – 40 It also includes
a death registry combining the VA Vital Status File41 with information
from the Beneficiary Identification and Record Location files, a national database of veterans who applied for VA death benefits, VA
inpatient records, Medicare files, and Social Security Administration
files.

Cohort Definition
The study sample included all adult veterans who had at least one
hospitalization between October 2000 and September 2005 and at
least 1 yr of health care in the VA before that hospitalization. We
defined the first hospitalization in this period as the index admission,
with follow-up beginning 90 d after discharge (index date). We excluded patients who had dialysis treatments. Dialysis was defined as
the presence of at least one of the following codes: ICD-9-CM diagnostic code V45.1, V56.0, V56.3, or V56.8; ICD-9-CM inpatient procedure code 39.95 or 54.98; or CPT-4 outpatient procedure code
90935, 90937, 90945, 90947, or 90999. We also excluded patients who
died before the index date or were readmitted within 30 d after discharge (10.6 and 14.7% of those without AKI and with AKI, respectively) or had an eGFR ⬍30 ml/min per 1.73 m2 before the index
admission. This last exclusion criterion was applied because the performance of the AKI definition is not known in patients with stages 4
and 5 CKD.42 Patients were followed until the earliest of the following
events: Leaving VA health care, end of the study (September 2005), or
death.

Definition of AKI, Outcome, and Covariates
Each index admission was classified as “with AKI” or “no AKI.” Because no definition for AKI is widely accepted for retrospective research involving databases, we adapted the AKI definition recently
proposed by the AKIN. This definition classifies AKI according to
change in creatinine values and urine output and has been validated
with hospitalized patients.13,42 Using the AKIN definition, we identified and classified AKI within the hospitalization by comparing the
highest creatinine value found between the admission and discharge
dates with the lowest value recorded between 3 mo before the index
admission and the discharge date (baseline creatinine). The baseline
creatinine assessment period was extended to include outpatient values before admission, because the AKI process may have started before admission and this would have led to an elevated creatinine value
at admission. When the ratio of those two values was ⱖ1.5, the hospitalization was classified as “with AKI.” AKI events were further classified by AKIN stage (I, II, and III) according to this ratio (1.5 to 2, 2
to 3, and ⬎3, respectively). When the creatinine increased by ⱖ0.5
mg/dl and reached at least 4.0 mg/dl, the hospitalization was also
classified as “with AKI” (AKIN stage III). Dialysis-requiring AKI
events were excluded from this study because we excluded patients
who received dialysis treatments before the index date (90 d after
discharge; see the Cohort Definition section). A primary goal of this
J Am Soc Nephrol 21: 345–352, 2010
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study was to estimate mortality risk with adjustment for residual kidney function after discharge, and including dialysis-requiring AKI
and its various clinical courses would have made this more difficult.
The primary outcome in this study was all-cause mortality.
Covariates included demographics, comorbidities, medication
use, index admission details (primary diagnosis of admission, mechanical ventilation use, and length of stay), and postdischarge eGFR
categories. Concurrent diseases were defined using ICD-9-CM codes
found in the medical records in the 2 yr before the index admission
date. The patient was considered exposed to a specific drug when a
prescription for that drug was dispensed in the 6 mo before the index
admission date. The primary diagnosis of admission was categorized
by using ICD-9-CM main categories (infectious and parasitic diseases, neoplasms, diseases of the circulatory system, diseases of the
respiratory system, diseases of the digestive system, or other causes).
Mechanical ventilation was used as a proxy for intensive care and
disease severity.
In accordance with the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) guideline, eGFR was calculated with the four-variable version of the Modification of Diet in
Renal Disease equation.43,44 eGFR after discharge was calculated using
the most recent creatinine value before the index date and then categorized following the KDOQI CKD classification (ⱖ90, 60 to 89, 30 to
59, 15 to 29, or ⬍15 ml/min per 1.73 m2).43 When no creatinine value
was found in the 3 mo after discharge, the last creatinine measured
during the hospitalization was taken. Not doing so would bias the
results, because it is expected that a patient with a normal creatinine
level before discharge would not have a control value in the next 3 mo.
To evaluate the mortality risk in patients who had renal recovery (for
the group with AKI) or who had maintained their kidney function
(for group with no AKI), we calculated the percentage of eGFR decrease between baseline and after discharge ([baseline eGFR ⫺ eGFR
after discharge]/baseline eGFR). We defined renal recovery or maintenance of kidney function as a percentage of eGFR decrease ⱕ10%.

Statistical Analysis
All statistical analyses were conducted using SAS 9.2 (SAS Institute,
Cary, NC). Continuous variables are summarized with mean and SD
or median with first and third quartiles. HRs of mortality were estimated using multivariable Cox proportional hazard regression models adjusting for demographics, comorbidities, medication use, index
hospitalization details, and postdischarge eGFR categories. Use of
continuous variables, such as creatinine or continuous eGFR, instead
of eGFR categories for postdischarge kidney function gave similar
results. A multiple imputation technique including all available variables was used in all analyses to impute missing creatinine values after
discharge (11.2%).45 The proportional hazards assumption was verified using log-log survival plots. Unadjusted Kaplan-Meier survival
curves were compared using a log-rank test. We conducted four sensitivity analyses: (1) Including patients who were readmitted in the
first 30 d after discharge, (2) not including the last inpatient creatinine
value when no creatinine value was found in the postdischarge period,
(3) a complete case analysis in which only patients with actual baseline
and postdischarge (not using the latest inpatient value or imputation)
eGFR measurements were included, and (4) limiting the sample to
J Am Soc Nephrol 21: 345–352, 2010
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survivors at 6 mo after discharge and initiating follow-up at that time
point. The project was approved by the institutional review board at
the VA Medical Center in (Bedford, MA), and patient informed consent was waived.
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