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ting diagnosis groups were circulatory diseases (25.4%) and 
infection (16.4%). After adjustment for age, sex, race, admit-
ting sCr concentration, and the severity of illness index, AKI 
was independently associated with in-hospital mortality 
(adjusted odds ratio 4.43, 95% confidence interval 3.68–
5.35).  Conclusions:  AKI occurred in over 1 of 5 hospitaliza-
tions and was associated with a more than fourfold increased 
likelihood of death. These observations highlight the impor-
tance of AKI recognition as well as the association of AKI with 
mortality in hospitalized patients.

  Copyright © 2012 S. Karger AG, Basel

  Introduction

  Acute kidney injury (AKI) is a syndrome character-
ized by decreased glomerular filtration. The spectrum of 
AKI ranges from minimal elevations in serum creatinine 
(sCr) to complete anuric kidney failure. Despite ample 
knowledge of the biologic basis of AKI, descriptions of 
the incidence, risk factors, sequelae, and outcomes of AKI 
remain relatively limited or have been based upon older 
descriptions without reflecting the most current defini-
tions or practice patterns. For example, studies of sCr 
trends at single centers in Boston, Mass., USA, Austin, 
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  Abstract

   Background:  The objective of this study was to determine 
the incidence of acute kidney injury (AKI) and its relation 
with mortality among hospitalized patients.  Methods:  Anal-
ysis of hospital discharge and laboratory data from an urban 
academic medical center over a 1-year period. We included 
hospitalized adult patients receiving two or more serum cre-
atinine (sCr) measurements. We excluded prisoners, psychia-
try, labor and delivery, and transferred patients, ‘bedded 
outpatients’ as well as individuals with a history of kidney 
transplant or chronic dialysis. We defined AKI as (a) an in-
crease in sCr of  6 0.3 mg/dl; (b) an increase in sCr to  6 150% 
of baseline, or (c) the initiation of dialysis in a patient with no 
known history of prior dialysis. We identified factors associ-
ated with AKI as well as the relationships between AKI and 
in-hospital mortality.  Results:  Among the 19,249 hospitaliza-
tions included in the analysis, the incidence of AKI was 22.7%. 
Older persons, Blacks, and patients with reduced baseline 
kidney function were more likely to develop AKI (all p  !  
0.001). Among AKI cases, the most common primary admit-
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Australia, and Chicago, Ill., USA, used hospital data that 
were more than 10 years old  [1–3] . Other efforts identified 
AKI using hospital discharge diagnosis codes  [4, 5] . Many 
studies have focused on AKI in intensive care units and 
have not considered AKI in the general hospital setting 
 [6–12] .

  The evolving definitions and care recommendations 
for AKI underscore the need for updated epidemiologic 
data describing this condition  [7] . These observations 
could help to highlight the current burden of AKI, the af-
fected patient groups, the involved care settings as well as 
the current risk of mortality and could guide efforts to 
identify cases or target therapies. The objective of this 
study was to characterize the current incidence of AKI in 
patients hospitalized at an urban academic medical cen-
ter and to assess the association of AKI with inpatient 
mortality.

  Methods

  Design
  We analyzed hospital discharge data linked with clinical labo-

ratory results for a single year from an urban academic tertiary 
referral medical center. This study was approved by the Institu-
tional Review Board of the University of Alabama at Birmingham 
(UAB).

  Setting and Source of Data
  The UAB Hospital is an urban academic tertiary care referral 

medical center located in Birmingham, Ala., USA. The 908-bed 
institution contains an emergency department with 64,000 visits 
per year, is the only level I trauma center in Alabama, and has 8 
intensive care units containing more than 180 critical care beds.

  For this study, we used the hospital’s standard discharge data 
set, consisting of patient demographics and diagnostic and finan-
cial information in the standard UB-04 format for the period of 
October 1, 2009 through September 30, 2010. Data analysts linked 
the hospital data set with sCr concentrations obtained for each 
patient. The hospital used commercial databases to manage dis-
charge and laboratory data (HealthQuest Data Systems, High-
land, Calif., USA, and Cerner PathNet, Cerner, Inc., Kansas City, 
Mo., USA).

  Selection of Subjects
  We studied adult ( 6 18 years old) patients hospitalized at the 

UAB Hospital between October 1, 2009 and September 30, 2010. 
We excluded prisoners, patients admitted to the psychiatry ser-
vice or labor and delivery service, and patients transferred from 
other hospitals. We also excluded patients classified as ‘bedded 
outpatients’, a term used by the hospital to identify individuals 
admitted for a short term after scheduled surgical or other proce-
dures. Because we sought to identify the development of AKI after 
presentation to the hospital, we excluded individuals with a his-
tory of end-stage renal disease requiring either kidney transplant 
(identified through discharge diagnosis ICD-9 V42.0) or mainte-

nance dialysis (ICD-9 V45.1, V45.11, V45.12, V56, V56.0, V56.8). 
Because the analysis relied upon the comparison of serial sCr val-
ues, we included only patients with two or more sCr measure-
ments.

  Definition of AKI
  Using definitions established by the Acute Kidney Injury Net-

work (AKIN), we defined AKI as (a) an increase in sCr of  6 0.3 
mg/dl; (b) an increase in sCr to  6 150% of baseline, or (c) the ini-
tiation of dialysis in a patient with no known history of prior di-
alysis (ICD-9p 39.95, 54.98)  [7] . Following Chertow et al.  [1] , we 
defined the baseline sCr as the lowest of the first three sCr levels 
for each patient. We characterized graded increases in AKI sever-
ity using categories established by the AKIN (stage 1 = increase in 
sCr of  6 0.3 mg/dl, or increase in sCr to  6 150–199% of baseline; 
stage 2 = increase in sCr to  6 150–199% of baseline, and stage 3 = 
increase in sCr to  6 300% of baseline or initiation of renal replace-
ment therapy). Urine output measurements were not available in 
the data set and were not included in the definition of AKI used 
in this analysis. We did not include time parameters in the defini-
tion of AKI.

  We used patient demographics (classifying race as black or 
non-black) and the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation to calculate the estimated glo-
merular filtration rate (eGFR)  [13] . We based eGFR upon the low-
est of the first three sCr levels of each patient. We adjusted for the 
severity of illness using the risk adjustment methodology from 
the University Health System Consortium (UHC) clinical data-
base  [14] . Based upon the proprietary All Patients Refined Diag-
nosis Related Group (APR-DRG, 3M, Inc., St. Paul, Minn., USA), 
the UHC expected mortality index aggregates acuity data across 
diagnosis groups to generate a global expected mortality estimate 
for each hospitalization.

  To avoid detecting AKI associated with protracted hospital-
izations, we limited the study to the first 21 days of hospitalization 
after the first sCr measurement, as well as the first 60 sCr mea-
surements for each admission. Post hoc analysis confirmed that 
this strategy preserved 89.2% of the sCr measurements and 99.5% 
of the peak sCr values.

  Data Analysis
  We compared the characteristics of the patients with and with-

out AKI using the  �  2  test for discrete variables and Student’s t test 
or the Wilcoxon rank-sum test for continuous variables, as appro-
priate. We compared the primary discharge diagnoses of cases 
with and without AKI, grouping the discharge diagnoses accord-
ing to major ICD-9 diagnostic categories. Because AKI often 
complicates serious infections, we determined the incidence of 
AKI for patients with a primary infection diagnosis, using an in-
fection taxonomy described by Angus et al.  [15]  and Wang et al. 
 [16] .

  Using multivariable logistic regression, we determined the as-
sociation between AKI and in-hospital mortality, fitting a series 
of models defining AKI in terms of absolute and relative increas-
es in sCr, and adjusting for age, sex, race, baseline sCr concentra-
tion, and natural log[UHC expected mortality index]. We defined 
stages of AKI using the AKIN system  [7] . We repeated the analy-
sis stratifying by the primary discharge diagnosis groups circula-
tory diseases (ICD-9 390–459.9), respiratory diseases (ICD-9 
460–519.9), infections, injuries (ICD-9 800–950.9), and all other 
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conditions  [15, 16] . In a sensitivity analysis, we repeated the mor-
tality analysis including only the first hospitalization for each in-
dividual in the data set. We conducted all analyses using Stata 
version 12.0 (Stata Corp, College Station, Tex., USA).

  Results

  After excluding ‘bedded outpatients’, transferred pa-
tients, patients with a history of dialysis or kidney trans-
plant, and those with one or no sCr determinations, we 
included 19,249 hospitalizations in the analysis ( fig. 1 ). 
These 19,249 hospitalizations encompassed 15,096 indi-
vidual patients; 1,612 individuals accounted for 4,153 re-
peat hospitalizations. Defining AKI as an increase in sCr 
of  6 0.3 mg/dl, an increase in sCr to  6 150% of baseline, 
or the initiation of dialysis, the incidence of AKI was 
22.7%. The incidence of AKI by AKIN stage was: stage 1, 
15.8%; stage 2, 2.7%, and stage 3, 4.2%.

  Characteristics of AKI Cases
  AKI was more likely in older and black individuals as 

well as in those with higher baseline sCr concentrations 
( table 1 ). AKI was less frequent among patients admitted 
through the emergency department than among other 
hospitalized patients. Almost 60% of patients developing 
AKI never received intensive care unit care during their 
hospitalization.

  Among the AKI cases, the most common primary
discharge diagnosis groups were circulatory diseases 

(25.4% of AKI) and infection (16.4%) (online suppl. Ap-
pendix 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000337487). Complications of 
medical care (9.6%), neoplasms (9.6%), injury (8.1%), and 
diseases of the respiratory system (7.9%) comprised large 
portions of the patients who developed AKI during their 
hospitalization.

  Incidence and Correlates of Hospital-Acquired AKI
  The mortality rate for AKI was 10.8%, compared to 

1.5% for cases without AKI. Larger increases in sCr were 
associated with higher mortality rates: stage 1, 6.3%; stage 
2, 16.5%, and stage 3, 23.7%. AKI was independently as-
sociated with in-hospital mortality after adjusting for 
demographic factors, baseline eGFR of  ! 60 ml/min/
1.73 m 2 , and UHC expected mortality score ( table 2 ). As-
sociations between AKI and mortality were present across 
major primary discharge diagnostic groups ( table 3 ). When 
considering time to peak sCr (early:  ̂  7 days vs. late:  1 7 
days), AKI remained independently associated with mor-
tality, but the odds ratio for death was higher among those 
with more prolonged hospitalizations and sCr peak values 
occurring after the seventh hospital day ( table 4 ).

  Sensitivity Analysis
  When repeating the analysis including only the first 

hospitalization for each individual (i.e. excluding any 
cases that were re-admissions), we obtained similar esti-
mates for the incidence of and adjusted mortality associ-
ated with AKI (online suppl. Appendix 2).

Hospitalized patients
47,574

Inpatients
35,268

‘Bedded outpatients’
12,306

Not transferred
30,488

Transferred from
another hospital

4,860

No history of dialysis
29,079

History of dialysis
1,329

No renal transplant
28,747

Renal transplant
332

≥2 creatinines
19,249

<2 creatinines
9,498

  Fig. 1.  Selection of the 19,249 cases includ-
ed in the analysis. ‘Bedded outpatients’ re-
fers to patients admitted to the hospital af-
ter scheduled operative procedures. 
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  Table 1.  C haracteristics of hospitalized patients with AKI

 Characteristic  AKI
  (n = 4,365) 

 No AKI
  (n = 14,884) 

 p value
  AKI vs. no AKI 

 Age, years 56.8816.9 54.6817.7  <0.001 
 Males  2,230 (51.9)  7,650 (51.4) 0.60 
 Race/ethnicity  <0.001 

 White  2,529 (57.9)  9,613 (64.6) 
 Black  1,729 (39.6)  4,962 (33.3) 
 Other 99 (2.3) 276 (1.9) 
 Unknown 8 (0.2) 33 (0.2) 

 Baseline eGFR <60 ml/min/1.73 m2  1,555 (35.6)  2,752 (18.5)  <0.001 
 Admission source  <0.001 

 Emergency department  2,370 (54.3)  8,957 (60.2) 
 Other  1,995 (45.7)  5,927 (39.8) 

 Admitted to ICU 163 (3.7) 336 (2.3)  <0.001 
 Any hospital days in ICU  1,824 (41.8)  3,294 (22.1)  <0.001 
 sCr measurements 

 Number of sCr 8 (5–15) 4 (3–7)  <0.001 
 Baseline sCr, mg/dl 1.682.0 1.080.8  <0.001 
 Peak sCr, mg/dl 2.482.4 1.180.8  <0.001 
 Maximum sCr increase, mg/dl 0.881.0 0.180.1  <0.001 
 Time to peak sCr, days 2.7 (1.4–5.6) 1.2 (0.6–2.4)  <0.001 

 Hospital length of stay, days 7 (4–13) 4 (2–7)  <0.001 
 Hospital mortality 470 (10.8) 223 (1.5)  <0.001 

 V alues are n (%), mean 8 SD, or median (IQR). ICU = Intensive care unit.
  AKI based upon AKIN criteria and defined as (a) an sCr increase of ≥0.3 mg/dl from baseline, (b) an sCr increase to ≥150% of 

baseline, or (c) the initiation of dialysis [7].
  Baseline sCr is defined as the lowest of the first three sCr measurements. Baseline eGFR calculated from baseline sCr using the 

CKD-EPI equation [13]. 

 
 

  Table 2.  M ultivariable associations between AKI and all-cause mortality

 Model of AKI  AKI incidence  Deaths/ subgroup 
  (% dead) 

 Adjusted odds ratio
  of mortality (95% CI)* 

 AUC 

 sCr increase  0.93 
 <0.3 mg/dl (no AKI)  N/A  223/14,882 (1.5%)  referent 
 ≥0.3 mg/dl or to ≥150% of baseline

  or initiation of dialysis (AKIN stages 1–3) 
 4,365/19,249 (22.7%)  470/4,365 (10.8%)  4.43 (3.68–5.35) 

 sCr increase  0.94 
 <0.3 mg/dl (no AKI)  N/A  223/14,882 (1.5%)  referent 
 ≥0.3 mg/dl or to 150–199% of baseline (AKIN stage 1)  3,042/19,249 (15.8%)  193/3,042 (6.3%)  2.81 (2.24–3.52) 
 to 200–299% of baseline (AKIN stage 2) 514/19,249 (2.7%) 85/514 (16.5%)  6.69 (4.86–9.20) 
 to ≥300% of baseline 809/19,249 (4.2%)  192/809 (23.7%)  8.36 (6.43–10.87) 

 or [sCr ≥4.0 with increase ≥0.5] 
 or initiation of dialysis (AKIN stage 3) 

 A KI stages based upon the AKIN staging system [7].
  * Adjusted for age, sex, race (black/white/other), chronic kidney disease, and ln(UHC expected mortality).
  AUC = Area under receiver-operating characteristic curve. 
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  Discussion

  We extend upon the findings of prior epidemiologic 
studies of AKI, confirming the high prevalence of AKI 
and the high mortality associated with the condition. 
Chertow et al.  [1]  examined AKI among roughly 9,000 in-

patients in Boston, Mass., USA. We observed similar ad-
justed associations between AKI and hospital mortality 
despite the application of different risk adjustment tech-
niques (DRG weights vs. UHC mortality index), defini-
tions of chronic kidney disease (baseline sCr vs. eGFR), 
data from different academic institutions (Brigham and 

  Table 3.  A KI and in-hospital all-cause mortality, stratified by primary discharge diagnosis

 Model of AKI Adjusted odds ratio of mortality (95% CI) stratified by primary ICD-9 diagnosis group *  

circulatory
(n  = 3,723) 

respiratory
(n = 1,315) 

 infection
  (n = 2,790) 

 injury
  (n = 2,424) 

 other
  (n = 7,135) 

sCr increase
<0.3 mg/dl (no AKI) referent referent referent referent referent
≥0.3 mg/dl or to ≥150% of baseline

or initiation of dialysis 3.76 (2.49–5.69) 3.84 (2.14–6.93) 5.06 (3.45–7.43) 2.71 (1.59–4.60) 4.96 (3.77–6.53)
sCr increase 

<0.3 mg/dl (no AKI) referent referent referent referent referent
≥0.3 mg/dl or to 150–199% of baseline

(AKIN stage 1) 2.42 (1.51–3.90) 1.91 (0.92–3.98) 3.71 (2.36–5.86) 1.62 (0.83–3.15) 2.96 (2.11–4.16)
to 200–299% of baseline (AKIN stage 2) 5.10 (2.59–10.05) 11.24 (4.37–28.94) 8.39 (4.20–16.75) 5.23 (2.21–12.43) 7.21 (4.49–11.58)
to ≥300% of baseline

or [sCr ≥4.0 with increase ≥0.5]
or initiation of dialysis (AKIN stage 3) 10.16 (5.62–18.37) 6.74 (2.86–15.91) 6.50 (3.89–10.86) 4.80 (2.02–11.40) 9.95 (6.77–14.64)

AKI  stages based upon the AKIN staging system [7]. ICD-9 codes for each subgroup are listed in suppl. Appendix 1. ICD-9 codes for infection 
are based upon Angus et al. [15] and Wang et al. [16].

* Adjusted for age, sex, race (black/white/other), chronic kidney disease, and ln(UHC expected mortality).

  Table 4.   Associations between AKI and all-cause mortality: early versus late sCr peak

 Model of AKI  A djusted odds ratio of mortality (95% CI)* 

 early  (≤7 days)
  sCr increase 

late (>7 days)
sCr increase 

 sCr increase 
 <0.3 mg/dl (no AKI)  referent 
 ≥0.3 mg/dl or to ≥150% of baseline

  or initiation of dialysis (AKIN stages 1–3) 
 
  3.67 (2.99–4.50) 6.83 (5.27–8.85) 

 sCr increase  
 <0.3 mg/dl (no AKI)  referent 
 ≥0.3 mg/dl or to 150–199% of baseline (AKIN stage 1)  2.57 (2.01–3.27) 3.94 (2.66–5.86) 
 to 200–299% of baseline (AKIN stage 2)  5.66 (3.81–8.39) 8.95 (5.59–14.36) 
 to ≥300% of baseline 

 or [sCr ≥4.0 with increase ≥0.5] 
 or initiation of dialysis (AKIN stage 3)  6.80 (4.97–9.31)  11.53 (7.95–16.71) 

 Mul tivariable associations between AKI and in-hospital all-cause mortality, adjusted for early (≤7 days) versus late (>7 days) sCr 
peak. AKI stages based upon the AKIN staging system [7].

  * Adjusted for age, sex, race (black/white/other), chronic kidney disease, and ln(UHC expected mortality index). 
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Women’s Hospital vs. UAB Hospital), geographic regions 
(Boston, Mass., USA vs. Birmingham, Ala., USA), and 
time periods separated by over 12 years (September 1997 
to April 1988 vs. October 2009 to September 2010)  [13, 14] .

  The adequacy of risk adjustment is an inherent limita-
tion of all observational studies. The current models ap-
peared to demonstrate better discrimination (0.93) than 
that in Chertow et al.  [1]  (0.83), offering additional assur-
ance that the observed associations with mortality are 
actually due to the independent effect of AKI rather than 
incomplete risk adjustment or unaccounted disease se-
verity  [1] . The UHC global expected mortality estimator 
is in use across the entire consortium, making direct 
comparisons of the association of AKI with mortality risk 
possible between different centers in the UHC.

  The high incidence of AKI observed in our study is 
also consistent with other epidemiologic studies of AKI 
in the hospital setting. Creatinine-based studies of AKI 
in hospitalized patients in Austin, Australia, and Chica-
go, Ill., USA, utilized data that were more than 10 years 
old  [2, 3] . Liangos et al.  [4]  and Waikar et al.  [5]  used na-
tional hospital discharge data to characterize the inci-
dence of AKI but defined AKI using ICD-9 discharge di-
agnoses – not changes in serial sCr measurements. 
LaFrance and Miller  [17]  analyzed 1.2 million patient re-
cords from the Department of Veteran’s Affairs (VA) 
Health Care System, identifying AKI rates ranging from 
7.8 to 11%. However, their patient population consisted 
mainly of men (95% males). Our study reflects the cur-
rent demographic characteristics of AKI among inpa-
tients at a major academic medical center. The similar 
findings between these studies also underscore the per-
sistent incidence of AKI, despite heightened awareness 
and knowledge over the last decade. The observation that 
the association with inpatient mortality has not changed 
over this interval also emphasizes the importance of AKI 
in the hospital setting.

  Our study offers additional key perspectives of AKI. 
Although we observed an AKI incidence of 21%, almost 
60% of AKI occurred in patients who never received 
care in an intensive care setting. While we cannot ascer-
tain if AKI reflected a primary condition or acted as a 
marker of severity of illness, or whether these patterns 
reflect clinical practices at this center, we surmise that 
earlier case or acuity detection might improve the care 
of these individuals. We also observed that in some pa-
tients AKI occurred after 7 days of hospitalization, and 
that mortality was higher in this subset. The latter find-
ing suggests that initial hospital care often fails to pre-
vent AKI.

  We identified a spectrum of conditions susceptible to 
AKI, including cardiovascular disease, infections and 
sepsis, complications from medical care, neoplasms, and 
injury. Furthermore, the odds of mortality varied across 
disease groups. These observations are important be-
cause AKI associated with different conditions may re-
quire different management strategies. For example, AKI 
associated with trauma may be related to rhabdomyoly-
sis, pancreatitis, and/or respiratory failure. AKI associ-
ated with neoplasms may reflect acute toxicity from che-
motherapeutic agents or antibiotics used to treat infec-
tion. We expect that the delineation of the etiology is an 
important step for defining AKI prevention and treat-
ment strategies.

  Limitations

  Only 40% of hospitalizations in this series received two 
or more sCr measurements; the incidence of AKI is un-
known in the remaining 60% of inpatients. While these 
individuals may have had a lower severity of illness, more 
frequent sCr testing across all patients may have increased 
the number of detected AKI cases. We described patients 
who developed AKI in the hospital setting but did not de-
scribe those patients who had already developed AKI prior 
to hospital admission. We note that the subsequent course 
of these patients may be variable, with some patients im-
proving and others exhibiting additional increases in sCr. 
Despite this limitation, we still identified substantial AKI 
incidence rates, which may have been even higher if we had 
had access to baseline sCr levels  [17, 18] .

  Our data originated from a single medical center, and 
extrapolation to the entire US hospitalization should be 
made with caution. The replication of these findings in 
other academic or community hospital settings would 
further strengthen the validity of the conclusions; the 
applicability of the UHC global mortality estimator 
could facilitate these comparisons. We did not have ac-
cess to physiological variables such as heart rate, sys-
tolic blood pressure, oxygenation, or temperature, a 
common limitation of administrative data. In addition, 
we did not have detailed information on the care re-
ceived prior to hospital presentation (for example, from 
paramedics).
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  Conclusion

  In the current study, AKI occurred in over 1 of 5 hos-
pitalized patients and was associated with an over four-
fold increased mortality – findings that appear to persist 
over the last decade. These observations offer new in-
sights into the current epidemiology of AKI and high-
light the continued need to improve the detection of AKI 
and reduce the incidence and consequences of AKI.
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