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ABSTRACT
The population epidemiology of AKI is not well described. Here, we analyzed data
from the Nationwide Inpatient Sample, a nationally representative dataset, to identify cases of dialysis-requiring AKI using validated International Classiﬁcation of
Diseases, Ninth Revision (ICD-9) codes. From 2000 to 2009, the incidence of dialysisrequiring AKI increased from 222 to 533 cases per million person-years, averaging a
10% increase per year (incidence rate ratio=1.10, 95% CI=1.10–1.11 per year). Older
age, male sex, and black race associated with higher incidence of dialysis-requiring
AKI. The rapid increase in incidence was evident in all age, sex, and race subgroups
examined. Temporal changes in the population distribution of age, race, and sex as
well as trends of sepsis, acute heart failure, and receipt of cardiac catheterization and
mechanical ventilation accounted for about one third of the observed increase in
dialysis-requiring AKI among hospitalized patients. The total number of deaths associated with dialysis-requiring AKI rose from 18,000 in 2000 to nearly 39,000 in
2009. In conclusion, the incidence of dialysis-requiring AKI increased rapidly in all
patient subgroups in the past decade in the United States, and the number of deaths
associated with dialysis-requiring AKI more than doubled.
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AKI is one of the most common and serious complications of hospitalized patients.1 Those patients suffering the most
severe form of AKI—requiring acute dialysis—have particularly high rates of adverse outcomes during hospitalization
and after discharge.2–4 Despite the importance of AKI, there have been relatively few
studies about its population epidemiology.
Prior studies have expressed AKI incidence as cases per hospitalization or per
intensive care unit stay,4–6 making comparisons across regions and over time
difﬁcult to interpret, because thresholds
for admission may vary. Few studies
have studied AKI incidence as case per
underlying population, and recent temporal trends in the US population incidence are not well deﬁned.
In this study, we used a nationally
representative sample of hospitalizations
J Am Soc Nephrol 24: 37–42, 2013

to estimate the US population incidence
of dialysis-requiring AKI and identify
speciﬁc demographic subgroups with
increased propensity for dialysis-requiring
AKI. We explored whether the change in
disease burden is associated with changing
demographics or secular trends in conditions or interventions that are known
to predispose to AKI.
From 2000 to 2009, there were 1.09
million hospitalizations (95% conﬁdence interval [CI]=1.04–1.15 million)
with dialysis-requiring AKI in the
United States (patient characteristics
are shown in Supplemental Table 1). Hospitalized patients with dialysis-requiring
AKI were older than their counterparts
without dialysis-requiring AKI (63.4 versus 47.6 years), were more likely to be
male (57.3% versus 41.1%), were more
likely to be black (15.6% versus 10.2%),

were more likely to have sepsis (27.7%
versus 2.6%), were more likely to have
heart failure (6.2% versus 2.7%), and
were more likely to undergo cardiac catheterization (5.2% versus 4.4%) and mechanical ventilation (29.9% versus 2.4%).
The number of hospitalizations with
dialysis-requiring AKI increased from
63,000 cases in 2000 to almost 164,000
cases in 2009 (Figure 1). The population
incidence rate of dialysis-requiring AKI
increased from 222 to 533 cases/million
person-years, a yearly increase of 10%
per year (incidence rate ratio=1.10, 95%
CI=1.10–1.11 per year). In subgroup
analyses, we found that dialysis-requiring
AKI was more common in the elderly
(versus younger age groups), men (versus
women), and non-Hispanic blacks (versus non-Hispanic whites). All age, sex,
and racial–ethnic subgroups showed a
similar pattern of increase in disease incidence over the study period (Figures 2
and 3 and Supplemental Figure 1).
The inpatient case fatality rate associated with a single episode of dialysisrequiring AKI declined from 29.1% in
2000 to 23.5% in 2009. However, owing
to the rapid increase in the absolute
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Figure 1. Population incidence of dialysis-requiring AKI in the United States from 2000 to 2009 (absolute count and incidence rate per
million person-years). I bars represent 95% CIs for incidence rates. The number of cases of dialysis-requiring AKI increased from 63,000 in
2000 to almost 164,000 in 2009; the population incidence increased at 10% per year from 222 to 533 cases/million person-years.

number of cases, the total number of
inpatient deaths associated with dialysisrequiring AKI more than doubled from
18,000 in 2000 to almost 39,000 in
2009.
In univariate logistic regression, the
odds of developing dialysis-requiring
AKI among all hospitalized patients
increased annually by 10.1% (odds ratio [OR]=1.10, 95% CI=1.09–1.11,
P,0.001). Adjustment for demographics,
sepsis, acute heart failure, cardiac catheterization, and mechanical ventilation
reduced the OR per year to 1.07 (95%
CI=1.06–1.07, P,0.001) (Table 1).
Therefore, changing demographics, increased incidence of sepsis and acute
heart failure, or increased use of cardiac
catheterization and mechanical ventilation accounted for about one third of
the increased risk of dialysis-requiring
AKI among hospitalized patients over
38

time. Similar results were observed in
all subgroups examined (Table 1).
In summary, we found that population incidence of dialysis-requiring AKI
has increased rapidly at 10% annually
using a nationally representative sample
of hospitalizations. Our ﬁndings are consistent with and extend on older studies
showing an increase in disease incidence in
the United States over time.7,8 There have
also been scattered reports of rising population incidence of AKI treated with renal
replacement in assorted regions around
the world.9 These prior studies did not
include more recent years, analyze important subgroup differences, or explore potential reasons for the temporal trend.
Using a nationally representative sample, we quantiﬁed the increased propensity for dialysis-requiring AKI with age.
We found increased risk of dialysisrequiring AKI among men. Prior studies
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have reported men to have higher, 4,5
same, 10 or lower 11 risk of AKI than
women. Across the spectrum of renal
disease, sex disparities are also not uniform. Men are more likely than women
to develop incident ESRD, but men do
not have higher prevalence of CKD than
women. 1 2 , 1 3 Some animal models
showed that differences in sex hormone
production increase male susceptibility
to ischemic renal injury.14
We found that non-Hispanic blacks
have a higher incidence of dialysis-requiring
AKI compared with non-Hispanic
whites. Although racial–ethnic disparities in ESRD have been well established, 13 racial differences in AKI are
less well deﬁned. Some4,5 but not all6
prior studies have shown that blacks are
at higher risk for AKI. Blacks do not seem
to have higher CKD prevalence than
whites. 12 Recently discovered genetic
J Am Soc Nephrol 24: 37–42, 2013
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Figure 2. Population incidence of dialysis-requiring AKI in the United States by age groups
from 2000 to 2009. I bars represent 95% CIs for incidence rates. All age groups showed
a similar pattern of increase in incidence.

Figure 3. Population incidence of dialysis-requiring AKI in the United States by sex from
2000 to 2009. I bars represent 95% CIs for incidence rates. Both groups showed a similar
pattern of increase in incidence.

polymorphisms have been postulated to
explain much of the black–white difference in the risk of ESRD, but whether the
same genetic factors play a role in susceptibility to AKI has not been explored.15
Our ﬁndings highlight the public health
importance of AKI. Traditionally, much of
the focus on kidney disease epidemiology
had been on ESRD. This past decade has
J Am Soc Nephrol 24: 37–42, 2013

also witnessed considerable growth in
CKD epidemiology, allowing us to
identify a large vulnerable population at
increased risk for ESRD and cardiovascular
disease.12,16 Driven by these data, policy
discussions related to kidney disease have
mostly addressed ESRD and CKD.17,18
Our ﬁndings underscore the importance of AKI in the overall burden of
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kidney disease across its spectrum. The
incidence of dialysis-requiring AKI in
the United States is now higher than the
incidence of ESRD, which has increased
only modestly over the past several years
(from 354 cases/million person-years
in 2005 to 371 cases/million person-years
in 2009). 13 Because the number of
nondialysis-requiring AKI cases is approximately 10-fold higher than the
number of dialysis-requiring AKI cases 19 and because even small acute
changes in serum creatinine are associated with increased morbidity and mortality,20 our data likely represent only the
tip of the iceberg in terms of the public
health burden of AKI.
We were unable to entirely explain the
rising incidence of dialysis-requiring
AKI. It is plausible that factors not
captured by our analyses are responsible,
such as contrast procedures performed
outside of the cardiac catheterization
laboratory, because radiology procedures, such as computed tomography
scans, could not be reliably captured by
discharge codes. We did not include
preexisting conditions, such as CKD
and diabetes mellitus, as predictors, because discharge codes for such chronic
conditions may have limited accuracy.21,22
In addition, it is doubtful that temporal
trends in CKD prevalence could explain
the observed increase in dialysis-requiring
AKI. Although increases in CKD prevalence have been reported previously,
those studies are confounded by calibration problems with serum creatinine.12
When renal function was assessed using
cystatin C, there was scant evidence of
secular increase in CKD prevalence.23
Even the most liberal creatinine-based
estimates put the increase in CKD prevalence at 3% annually,12,24 much smaller
than the 10% annual increase in AKI incidence that we observed.
Another potential explanation for our
observations is more liberal use of acute
dialysis over time. To our knowledge, only
one prior study has directly measured,
in the same population, the community
incidence of both dialysis-requiring and
nondialysis-requiring AKI when the latter was deﬁned using actual observed
inpatient serum creatinine measurements.
Incidence of Dialysis-Requiring AKI in US
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Table 1. Temporal changes in risk of dialysis-requiring AKI among hospitalized
patients in the United States from 2000 to 2009
Population at Risk
(2000–2009)
Overall
Age strata (yr)
0–19
20–44
45–64
65–74
$75
Sex
Male
Female

Crude OR/yr
(95% CI)

Model 1a
Adjusted OR/yr
(95% CI)

Model 2b
Adjusted OR/yr
(95% CI)

1.10 (1.09–1.11)

1.09 (1.08–1.10)

1.07 (1.06–1.07)

1.08
1.10
1.10
1.11
1.08

1.08
1.10
1.10
1.10
1.08

1.07
1.08
1.06
1.08
1.06

1.10
1.10

1.10
1.09

1.07
1.06

Note that all models for trend analysis showed P,0.001.
a
Adjusted for age, sex, and race.
b
Adjusted for age, sex, race, sepsis, acute heart failure, cardiac catheterization, and mechanical ventilation.

A parallel increase in the population
incidence of both dialysis-requiring and
nondialysis-requiring AKI was seen from
1996 to 2003 (the former from 195 to 295
cases/million person-years, and the latter
from 3227 to 5224 cases/million personyears).7 This ﬁnding argues strongly that
earlier and more liberal use of acute dialysis is not a major contributor to the
observed trend.
Those data are also inconsistent with
the hypothesis that our results are caused
by a code creep artifact. Although diagnostic codes for AKI without specifying dialysis may be subject to increased
coding over time (because of increased
disease awareness or changes in consensus deﬁnitions), procedure codes for
acute dialysis are unlikely to be inﬂated,
because they are tied to reimbursement.
Our study has several strengths, most
notably the use of a large nationally
representative sample, which allowed
for accurate estimates of national incidence rates, excellent power, and generalizability. We also recognize several
limitations, the primary limitation being
the reliance on administrative data without clinical data, such as serum creatinine. We relied on the best validated set of
diagnostic and procedure codes to deﬁne
our primary outcome of dialysis-requiring
AKI. Although the performance characteristics of AKI diagnostic codes vary
in different reports,21 codes for dialysisrequiring AKI have better validity than
40

codes for nondialysis-requiring AKI.25
Hence, we decided not to examine the
latter as an outcome in our study. Administrative codes also did not allow
us to discriminate between continuous
versus intermittent renal replacement
therapy and de novo AKI versus acuteon-chronic renal disease. Because data
were completely deidentiﬁed, we could
not identify the individuals who had recurrent episodes of dialysis-requiring
AKI, although this occurrence is a very
uncommon.
Accurately deﬁning the population
incidence of AKI allows the medical
and lay communities to appreciate the
true public health burden of AKI. More
research is needed to address reasons for
underlying disparities among sex, age,
and racial groups and causes behind
the rapid increase in the incidence of
dialysis-requiring AKI.

CONCISE METHODS
We extracted 2000–2009 data from the
Nationwide Inpatient Sample (NIS), a US
nationally representative administrative database of hospitalizations.26 The NIS is the
largest all-payer publicly available national
hospital database containing a 20% stratiﬁed
sample of all short-term, nonfederal, nonrehabilitation hospitals. Hospitals are sampled
according to geographic region, location (urban/rural), teaching status, ownership, and
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bed size; all discharges from the sampled hospitals are included in the database. Each data
entry represents an individual hospitalization and includes demographic variables,
discharge diagnoses, procedures, hospital
charges, insurance payers, and length of
stay. The NIS was developed as part of the
Healthcare Cost and Utilization Project
sponsored by the Agency for Healthcare
Research and Quality. Because of the sampling strategy, NIS data can be reinﬂated
with appropriate weights (provided by
Healthcare Cost and Utilization Project) to
represent hospitalizations at a national level.
NIS has been used extensively to study national trends in hospital care. The Committee
on Human Research of the University of
California, San Francisco approved the study
protocol.
Cases of dialysis-requiring AKI were identiﬁed using validated International Classiﬁcation of Diseases, Ninth Revision, Clinical
Modiﬁcation codes.25 Dialysis-requiring AKI
was deﬁned as the presence of any of the following diagnostic codes (in any position):
584.5 (acute renal failure [ARF] with lesion
of tubular necrosis), 584.6 (ARF with lesion
of renal cortical necrosis), 584.7 (ARF with
lesion of renal medullary necrosis), 584.8
(ARF with other speciﬁed pathologic lesion
in kidney), or 584.9 (ARF unspeciﬁed); and
the presence of any of the following procedure codes (in any position): 39.95 (hemodialysis), V45.1 (renal dialysis status), V56.0
(extracorporeal dialysis), or V56.1 (ﬁtting
and adjustment of extracorporeal dialysis
catheter). To avoid inclusion of patients admitted for initiation of chronic maintenance
hemodialysis, we excluded the cases with
procedure codes for arteriovenous ﬁstula creation or revision (39.27, 39.42, 39.43, and
39.93). This algorithm has been shown to
produce high sensitivity, speciﬁcity, and positive and negative predictive values (all
$90%).25
Data were analyzed using Stata/SE 11.2.
We estimated the total (weighted) number of
hospitalizations with dialysis-requiring AKI
for each calendar year, applying appropriate
discharge-level sampling weights to account
for the NIS sampling scheme. We divided the
number of discharges with dialysis-requiring
AKI by the total population (obtained from
the US Census Bureau) to calculate population incidence rates. All results presented are
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weighted estimates unless otherwise speciﬁed.
Subgroup analyses for age and sex subgroups were performed in a similar fashion,
normalizing the denominator to the corresponding subgroup population totals from
the US Census Bureau. Because the NIS includes race–ethnicity in mutually exclusive
categories of white, black, and Hispanic,
we used only non-Hispanic white and nonHispanic black population estimates as the
population denominators. Owing to the large
number of states with missing race data,
especially earlier in our study period, we
undertook two approaches to estimate racespeciﬁc incidence rates. First, we used all
available data in the NIS and race-speciﬁc
population estimates from the entire US
population. This data use would likely underestimate disease incidence, because the
numerator, but not the denominator, had
missing data. Second, we performed an analysis using only data from the 16 states that
provided complete race data from 2000 to
2009 (California, Colorado, Connecticut,
Florida, Hawaii, Iowa, Kansas, Maryland,
Massachusetts, Missouri, New Jersey, New
York, South Carolina, Tennessee, Utah, and
Wisconsin). These incidence rates would not
be expected to be nationally representative.
Estimating the percent yearly increase in
nationally estimated rates required use of
aggregated census data, from which we derived CIs and SEMs for the yearly national
rates. To estimate the yearly increase, we ﬁt a
generalized linear model with a log link, with
weights inversely proportional to the variability of the estimated yearly rates.
To explore potential reasons for temporal
changes in risk of dialysis-requiring AKI
among hospitalized patients, we created a
logistic regression model using dialysisrequiring AKI as the outcome and calendar
year as the predictor. Given the large number
of patient-level observations in the NIS (5–8
million for each year), we took a random 10%
subsample of each year’s data to facilitate regression analysis, because the analysis required all 10 years of data to be aggregated.
Additional patient level covariates were
then entered into the model to determine the
degree that they explained temporal trends.
We analyzed four a priori selected conditions
and interventions that are known AKI risk
factors to study, because these data have
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become more common in recent years: sepsis, acute heart failure, cardiac catheterization, and mechanical ventilation.27–29 Sepsis
was deﬁned by the presence of any of the following diagnostic codes: 038.x (septicemia),
020.0 (septicemic), 790.7 (bacteremia), 117.9
(disseminated fungal infection), 112.5 (disseminated Candida infection), or 112.81
(disseminated fungal endocarditis).27 Acute
heart failure was deﬁned by the presence of
428.x as the primary diagnosis.30 Cardiac
catheterizations were captured by any of
the following procedure codes: 36.0x (removal of coronary artery obstruction and
insertion of stents), 00.66 (percutaneous
transluminal coronary angioplasty or coronary atherectomy), 37.22 (left heart cardiac
catheterization), 37.23 (combined right and
left heart catheterization), or 88.53–57 (angiography using contrast material). 2 8
Mechanical ventilation was deﬁned by the
presence of procedure code 96.7x (mechanical ventilation).29
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