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The Prognostic Importance of a Small Acute Decrement in
Kidney Function in Hospitalized Patients: A Systematic Review

and Meta-Analysis

Steven G. Coca, DO,1,2,3 Aldo J. Peixoto, MD,2,3 Amit X. Garg, MD, PhD,4

Harlan M. Krumholz, MD,3 and Chirag R. Parikh, MD, PhD1,2,3

Background: Recently, acute kidney injury defined by small changes in serum creatinine levels was
associated with worse short-term outcomes; however, the precision and variability of this association
was not fully explored.

Study Design: Systematic review and meta-analysis.
Setting & Participants: Hospitalized patients.
Selection Criteria for Studies: MEDLINE and EMBASE databases were searched for observational

cohort studies and randomized controlled trials published from 1990 through February 2007 that
provided information for small changes in serum creatinine levels.

Predictor: Small acute changes in serum creatinine levels by absolute and percentage of changes in
serum creatinine levels (lower threshold for increase in serum creatinine �0.5 mg/dL or �25%).

Outcome: Short-term mortality (�30 days).
Results: Compared with controls, patients with a 10% to 24% increase in creatinine levels had a

relative risk (RR) of death of 1.8 (95% confidence interval [CI], 1.3 to 2.5). By comparison, subjects with
a 25% to 49% acute change in creatinine levels had an RR of death of 3.0 (95% CI, 1.6 to 5.8), and those
with the largest change (�50%) had the greatest RR of death (RR, 6.9; 95% CI, 2.0 to 24.5). Results
were similar when absolute changes in creatinine levels were considered and when pooled estimates of
adjusted RR were used.

Limitations: Individual patient data were unavailable; thus, only group-level data were pooled for
meta-analysis. Results showed a significant degree of statistical heterogeneity that was only partially
ameliorated by separating studies into subsets based on clinical setting.

Conclusions: Short-term mortality and acute decreases in renal function are associated through a
graded relationship such that even mild changes in serum creatinine levels portend worse outcome in a
variety of clinical settings and patient-types.
Am J Kidney Dis 50:712-720. © 2007 by the National Kidney Foundation, Inc.

INDEX WORDS: Kidney failure, acute; heart failure, congestive; thoracic surgery; critical illness.
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cute kidney injury (AKI), defined in terms of
large increases in serum creatinine levels

r the need for dialysis therapy, was associated
ith a marked increase in mortality across sev-

ral clinical settings.1-7 However, recent publica-
ions suggested that even small increases in se-
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um creatinine levels may be associated with
ncreased risk of death.8-14 Unfortunately, the
erum creatinine threshold at which the risk of
eath increased varied in the literature. Although
everal studies described a lower threshold for
he smallest clinically important increase in se-
um creatinine levels, the majority did not in-
lude an upper threshold in their analysis (eg,
KI defined as serum creatinine level increase �
.3 mg/dL [�26 �mol/L] or �0.5 mg/dL [�44
mol/L]).8,13,14 Although this approach does not

nvalidate the prognostic value of the lower
hreshold in itself, it obscures the nature of the
elationship between change in creatinine level
nd risk of adverse outcomes. The relationship
ould be evident at a certain threshold or could
e graded or continuously associated.
We performed a systematic review and meta-

nalysis of all studies published on the prognosis
ssociated with small acute decreases in kidney

unction. We define “small” as any change be-

ey Diseases, Vol 50, No 5 (November), 2007: pp 712-720
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Small Changes in Kidney Function 713
ond that expected by normal variations in labo-
atory measurements. The objective is to deter-
ine the nature of the relationship between

arious definitions of worsening kidney function
nd short-term mortality. Finally, we aim to deter-
ine whether the association between small

hanges in renal function and mortality tran-
cends different patient types (eg, cardiac surgi-
al patients, those with congestive heart failure
r sepsis).

METHODS

tudies Eligible for Review

Studies were eligible if they provided information about
mall changes in serum creatinine levels during hospitaliza-
ion (ie, lower threshold for increase in serum creatinine

0.5 mg/dL [�44 �mol/L] or �25%), provided data for
hort-term mortality (�30 days), and provided comparison
ata for outcomes for a contemporaneous control group that
id not have a change in renal function. Observational
ohort studies, including observational comparisons of ran-
omized controlled clinical trials, were included. We ex-
luded studies that analyzed only mortality associated with
arger changes in creatinine levels (�0.5 mg/dL [�44
mol/L] or �25%).

inding Relevant Studies

We performed a systematic search of the MEDLINE and
MBASE bibliographic databases from 1990 through Febru-
ry 2007 to identify published studies evaluating the mortal-
ty associated with small acute decreases in renal function.
earch strategies combined the medical subject headings
MeSH) terms “kidney failure, acute” or “creatinine blood
evel” (“creatinine” used instead of “creatinine blood level”
s MeSH term for MEDLINE) combined with prognosis
specificity) limited to “humans,” “article” (“journal article”
or MEDLINE), and “adult or aged” (“adult” or “middle
ged” or “aged” for MEDLINE). We identified potentially
elevant studies by using a manual search of references from
ll eligible studies, review articles, and Science Citation
ndex Expanded on the Web of Science and searching the top
0 citations for each report through the “related articles”
eature of PubMed. Pairs of reviewers independently evalu-
ted the eligibility of each citation, and the full-text article
as retrieved if either reviewer considered the citation
otentially relevant. Pairs of reviewers independently evalu-
ted the eligibility of the full-text article, with disagreements
esolved by a third reviewer.

uality Assessment

Two independent reviewers assessed study quality accord-
ng to the guidelines outlined by Hayden et al.15 We assessed
hether each study showed the following 6 characteristics:

1) study sample represented the population of interest, (2)
oss to follow-up was not associated with key characteristics
nd was minimized sufficiently to limit potential bias, (3) the

rognostic factor of interest was adequately measured in 1
tudy participants to sufficiently limit potential bias, (4)
utcomes of interest were adequately measured in study
articipants, (5) important potential confounders were appro-
riately accounted for, and (6) statistical analysis was appro-
riate for design of study. Studies were graded as good
uality if they met 5 to 6 criteria, fair if they met 3 to 4
riteria, and poor if they met 2 or fewer criteria.

ata Abstraction Including Renal Function

We abstracted study characteristics, type of patient popu-
ation and clinical setting, and results from each selected
rticle. One author (S.G.C.) abstracted and a second author
C.R.P.) confirmed these data. Because heterogeneous defi-
itions of AKI were used in the published studies, we
ontacted the primary investigators, asked them to recatego-
ize the data to meet our definitions of AKI, and obtained
aw-group data in 2 � 2 table format. Definitions were
ategorized in 2 ways: by percentage of change in serum
reatinine levels and by absolute change in serum creatinine
evels. Three different gradients for both percentage and
bsolute decreases in renal function were chosen a priori as
efinitions for our study. Mild AKI was defined as a change
n serum creatinine level of 10% to 24% or 0.3 to 0.4 mg/dL
26 to 35 �mol/L). We chose these thresholds because
hanges greater than 10% or greater than 0.3 mg/dL (�26
mol/L) were just beyond the range of laboratory variation

n the measurement of serum creatinine. Moderate AKI was
efined as a change in serum creatinine level of 25% to 49%
r 0.5 to 0.9 mg/dL (44 to 80 �mol/L). Severe AKI was
efined as a change in serum creatinine level of 50% or
reater or 1.0 mg/dL or greater (�88 �mol/L).

utcome Measures

The primary outcome was unadjusted short-term mortal-
ty. The secondary outcome was relative risk (RR) for
hort-term mortality adjusted for other prognostic factors.

tatistical Analysis

We assessed the mortality observed in patients with in-
reases in serum creatinine levels versus those who had no
ncreases in creatinine levels in stratified 2 � 2 contingency
ables. Six pooled comparisons were made comparing the
ortality associated with each stepwise increase in absolute

r percentage of change in serum creatinine levels to the
eferent groups (10% to 24%, 24% to 49%, �50% change
ersus �10% change and 0.3- to 0.4-mg/dL [26- to 35-�mol/
], 0.5- to 0.9-mg/dL [44- to 80-�mol/L], �1.0-mg/dL

�88-�mol/L] change versus �0.3-mg/dL [�26-�mol/L]
hange). For this study-level meta-analysis, the Q statistic
as used to determine whether between-study heterogeneity
as present, with P less than 0.1 considered statistically

ignificant. The I2 statistic was used to quantify the magni-
ude of heterogeneity, with values of 0% to 30%, 31% to
0%, and greater than 50% representing mild, moderate, and
otable heterogeneity, respectively.16 Overall results were
athematically pooled using techniques that accounted for
ithin- and between-study heterogeneity (random effects
ethod of DerSimonian and Laird17). Data were analyzed

sing the software program Comprehensive Meta Analysis

.0.25 (Englewood, NJ).
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RESULTS

A quality of reporting of meta-analyses flow
iagram illustrates the process of identifying and
electing articles (Fig 1). Of 2,339 citations origi-
ally identified using our search strategy, 9 stud-
es met our inclusion criteria.8,9,11,12,18-22

even8,9,11,12,18,19,22 of the 9 primary investiga-
ors of these studies replied to our request for
eanalysis of raw data. In addition, we were able
o use data from 1 study20 from an investigator
ho did not reply to our request because the
efinitions of AKI used in the report were identi-
al to ours.

haracteristics of Study Populations

There were 78,855 participants in the 8 studies
Table 1). Seven of the 8 studies were of good
ethod quality (Table 1). Study populations and

linical settings were heterogeneous. Two studies
Figure 1. Flow diagram for study selection.
ere conducted in patients after cardiac sur-
ery,11,12 2 studies were conducted in patients ad-
itted for acute decompensated congestive heart

ailure,8,18 2 studies were of acutely ill patients in
he intensive care unit,19,20 1 study was of patients
ho underwent coronary angiography,22 and 1 study

onsisted of a broad range of hospitalized patients.9

ix were single-center studies. Mean participant
ge ranged from 53 to 72 years. Three studies were
rospective cohort studies,8,11,20 4 studies were
etrospective studies of databases or hospital
harts,9,12,18,22 and 1 study19 used data combined
rom 2 randomized controlled trials.23,24

ercentages of Change in Creatinine
ersus No Change

There was significant statistical heterogeneity
mong the primary studies of the risk of short-
erm mortality associated with mild AKI (10% to
Abbreviation: AKI, acute kidney injury.



Table 1. Characteristics of Selected Studies

Reference Patient Type
No. of

Centers
No. of

Patients
Study
Type

Increased
Serum

Creatinine at
Baseline (%)

Definition of AKI in
Original Publication

(change in creatinine)
Referent Group

(change in creatinine)
Timing

(ascertainment of AKI)

No. of
Creatinine

Measurements

Length of
Follow-up and

Cumulative
Incidence of

Death
Study
Quality

Chertow et al9 Hospitalized 1 9,205 R N/A 0.3 to 0.4 mg/dL;
�25%

�0.2 mg/dL;
�25%

Within entire admission �2-9,205
�3-7,166
�4-5,780
�5-4,682

In hospital 3.1% Good

Forman et al18 CHF 11 1,004 R 35.7%
(�1.5 mg/dL)

�0.4 mg/dL �0.3 mg/dL Within entire admission �2 In hospital 2.6% Good

Lassnigg et al11 Post-cardiac surgery 1 4,118 P 18%
(�1.3 mg/dL)

0.1 to 0.4 mg/dL �0.3 to 0 mg/dL Within 48 h of admission
to ICU

�2 30 d 5.2% Good

Levy et al19 ICU (severe sepsis) 236 1,036 RCT* 60%
(�1.2 mg/dL)

0.1 mg/dL† Various Within 24 h of admission
to ICU

2 28 d 31.2% Good

Samuels et al20 ICU 1 3,795 P N/A 10% to 24% �10% change Within entire admission �2 In hospital 17.2% Fair‡

Smith et al8 CHF 1 412 P 25%
(�2.0 mg/dL)

�0.1 mg/dL§ Various Within admission �2 30 d 15.3% Good

Thakar et al12 Post-cardiac surgery 1 31,677 R N/A 10% to 24%¶ �10% change Immediate postoperative
period

�2 In hospital 2.2% Good

Weisbord et al22 PCI 1 27,608 R 3.2% 0.25 to 0.5 mg/dL �0.25 mg/dL change Within 3 d of angiography 2-10,639
3-6,500
4-4,908

30 d 1.5% Good

Note: To convert serum creatinine in mg/dL to �mol/L, multiply by 88.4.
Abbreviations: R, retrospective cohort; P, prospective cohort; RCT, randomized controlled trial; AKI, acute kidney injury; CHF, congestive heart failure; ICU, intensive care

unit; PCI, percutaneous coronary intervention; N/A, not available.
*Publication was an analysis of data from 2 randomized controlled trials.
†AKI was defined in several different ways (refer to22 for details).
‡Unable to assess 2 parameters of quality: loss to follow-up and appropriate statistical analysis. One quality parameter was clearly deficient: adjustment for potential

confounders.
§Various definitions for AKI starting at creatinine level change of 0.1 mg/dL or greater were analyzed. Creatinine level change of 0.3 mg/dL or greater was the lowest

threshold at which increased mortality risk was recognized (19% versus 12%).
¶AKI defined by percentage of change in estimated glomerular filtration rate using the Modification of Diet in Renal Disease Study equation in original publication.
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4% increase in serum creatinine; chi-square �
4.6; P � 0.01; I2 � 66%). However, risk
stimates were statistically similar; thus, results
ere mathematically pooled to establish a more
recise estimate of the effect. Compared with
ontrols, subjects with mild AKI had a combined
nadjusted RR of death of 1.8 (95% confidence
nterval [CI], 1.3 to 2.5; Fig 2).

There was significant statistical heterogeneity
mong the primary studies of the risk of short-
erm mortality from moderate AKI (25% to 49%
ncrease in serum creatinine; chi-square � 68.9;

� 0.001; I2 � 93%). Although we mathemati-
ally pooled results to examine a dose-response
elationship with acute decreases in kidney func-
ion, the precision of these estimates should be
iewed with caution given this substantial statis-
ical heterogeneity. Participants with moderate
KI had an unadjusted RR of death of 3.0 (95%
I, 1.6 to 5.8). Participants with the largest

ncreases in serum creatinine levels (�50%) had
he greatest unadjusted RR of death (6.9; 95%
I, 2.0 to 24.5), although the high degree of

tatistical heterogeneity (chi-square � 335.7; P �
.001; I2 � 99%) limits the validity of the point
stimate.

bsolute Changes in Creatinine Versus
o Change

Results were similar when absolute changes
n creatinine levels were considered. Com-
ared with controls, subjects with a 0.3- to
.4-mg/dL (26- to 35-�mol/L) increase in se-
um creatinine levels (mild AKI) had a com-
ined unadjusted RR of death of 2.3 (95% CI,
.8 to 3.0; Fig 3). Subjects with a 0.5- to
.9-mg/dL (44- to 80-�mol/L) increase in se-
um creatinine levels (moderate AKI) had an
nadjusted RR of death of 6.2 (95% CI, 3.2 to
1.7), and those with the largest absolute in-
reases (�1.0 mg/dL [�88 �mol/L]) had the
reatest unadjusted RR of death (12.4; 95%
I, 4.0 to 38.5). Although there was evidence
f a moderate degree of heterogeneity (chi-
quare � 13.2; P � 0.04; I2 � 55%) for mild
KI, significant heterogeneity also was present

or both moderate and severe AKI (chi-square
92.8; P � 0.001; I2 � 94%; chi-square �
50; P � 0.001; I2 � 98%, respectively).
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djusted Mortality Risks

Four studies reported mortality risks associ-
ted with discrete changes in serum creatinine
evels that were adjusted for numerous sociode-

ographic, clinical, and physiologic covari-
tes.9,11,12,22 After adjustment, the most sensi-
ive definition for AKI in the 4 studies was still
tatistically associated with greater mortality
odds or hazard ratio range, 1.70 to 1.92), with
o 95% lower CI overlapping 1.

ubgroup and Sensitivity Analyses

In an effort to explore the potential causes of
eterogeneity, we divided the studies into sub-
ets based on clinical setting and reanalyzed the
ata by sequentially eliminating these subsets.
hen we reanalyzed the data after excluding the
studies of cardiac surgical patients,11,12 the

egree of heterogeneity was decreased (but still
resent in a moderate capacity) for 3 of the 6
efinitions of AKI (change in creatinine of 10%
o 24%, 25% to 49%, and 0.3 to 0.4 mg/dL [26 to
5 �mol/L]). Removal of other types of studies
eparately (congestive heart failure, intensive
are unit) did not decrease the amount of statisti-
al heterogeneity (data not shown).

DISCUSSION

Our review indicates that even very small
ncreases in serum creatinine levels, on the order
f 10% to 24% or 0.3 to 0.4 mg/dL (26 to
5 �mol/L), are associated with approximately a
-fold risk of short-term death (RRs, 1.8 and 2.3,
espectively) across a broad spectrum of clinical
ettings. Furthermore, greater changes in serum
reatinine levels of 25% to 49% or 0.5 to 0.9
g/dL (44 to 80 �mol/L) are associated with a 3-

o 5-fold increase in risk of death. The relatively
igh incidence of AKI in hospitalized pa-
ients9,25,26 implies that this association with
eath presents a significant acute health care
roblem that should be recognized and ad-
ressed.
These definitions of AKI involving serum cre-

tinine level changes are much smaller than any
sed in the “Risk of renal dysfunction, Injury to
he kidney, Failure of kidney function, Loss of
idney function, and End-stage kidney disease”
RIFLE) classification of AKI proposed by the
Acute Dialysis Quality Initiative.27 The first tierA
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f AKI, Risk, is defined as an increase in creati-
ine level greater than 50% or a decrease in
lomerular filtration rate greater than 25%. The
IFLE criteria have not been widely adopted in
linical practice or research studies to date; how-
ver, a few studies showed that the RIFLE classi-
cation provided prognostic value in the setting
f the intensive care unit and cardiac sur-
ery.28-30 The thresholds we used for our defini-
ions for AKI are smaller and connote prognostic
ignificance; therefore, the definitions in our study
ikely are more sensitive than previous creatinine-
ased definitions of AKI.
This study hopefully will encourage clinical

esearchers and epidemiologists to continue to
efine and develop a uniform definition for AKI.
he lack of significant progress in the prevention
nd management of AKI can be attributed in part
o the failure to identify sensitive, suitable, and
niform definitions for AKI. Several pharmaco-
ogical strategies that were successful in amelio-
ating AKI in experimental animals31-34 failed in
umans.35-38 Possibly, these interventions would
ave been successful or novel interventions will
e successful if they could be initiated at the
nset of AKI, rather than waiting several days for
reatinine levels to increase to thresholds that are
ore dependent on individual preferences of

rialists, rather than a rigorously developed defi-
ition. Thus, a more sensitive definition of AKI
such as increase in serum creatinine of 10% to
4%) as identified in this meta-analysis to carry
rognostic value may enhance the efficacy of
uture clinical trials of AKI. However, it should
e noted that this highly sensitive definition will
ave low specificity and low positive predictive
alue for true AKI. Applying interventions to
atient groups identified by more versus less
ensitive definitions of AKI could affect the
isk-benefit ratio of these interventions. There-
ore, a highly sensitive creatinine-based defini-
ion of AKI (such as 10% to 24% change) could
e studied in conjunction with markers of tubular
njury (such as the urinary biomarkers interleu-
in 18, neutrophil gelatinase-associated lipoca-
in, or kidney injury molecule 1)39-41 to exclude
atients with prerenal or postrenal AKI.
Many questions regarding a more sensitive

efinition of AKI still exist. Should the definition
ary depending on the clinical setting? We found

hat even our most sensitive definition of AKI p
10% to 24% or 0.3- to 0.4-mg/dL [26- to 35-
mol/L] change in serum creatinine) was associ-
ted with increased risk in several clinical set-
ings. However, we still need more data from
uture studies to determine whether this relation-
hip is stable or varies across clinical settings.
econd, is the timing of the increase in creatinine

evel (eg, early versus later during admission)
mportant? Third, is the duration of the increase
mportant (eg, do short-lived, but marked, in-
reases in creatinine carry more or less risk than
rolonged, but less severe, increases in severe
reatinine)? Finally, will serum cystatin C or
ther biomarkers prove superior in terms of their
ensitivity to detect varying decreases in renal
unction compared with serum creatinine
evel?42,43

Our study has some limitations that should be
onsidered. Although we performed an exhaus-
ive search of the literature for AKI studies,
ublication bias cannot be ruled out. It is pos-
ible that smaller negative studies were not pub-
ished. We considered formally assessing publica-
ion bias through a funnel plot; however, funnel
lots cannot be interpreted reliably in the pres-
nce of marked heterogeneity.44,45 In addition,
e were able to obtain only group data, not

ndividual-patient data, and we pooled these
roup data with meta-analysis. These results con-
rm a gradient of risk present in several clinical
ettings. However, the precision of the point
stimates provided in this meta-analysis should
e interpreted judiciously, particularly results for
atients with moderate and severe AKI, because
hese pooled analyses had high heterogeneity
pon formal statistical testing. However, we were
ble to ameliorate some statistical heterogeneity
rom the most sensitive definitions of AKI when
e excluded studies of patients undergoing car-
iac surgery in our sensitivity analyses. The data
ay also have ascertainment bias. Sicker pa-

ients are more likely to have longer hospitaliza-
ions and thus have more blood work and assess-
ent of renal function, increasing the probably

f detecting a change in serum creatinine levels.
owever, most of the populations studied were

ick populations and routinely had serum creati-
ine measured daily, along with other routine
aboratory tests.

Another limitation is that only 4 studies9,11,12,22
rovided adjusted RRs for discrete changes in
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erum creatinine levels (ie, with an upper limit to
he degree of change) that we could effectively
ool to create an adjusted estimate of risk for
mall changes in creatinine levels. However, all

studies, involving approximately 72,000 pa-
ients, had either adjusted odds or hazard ratios
hat were very similarly increased (�1.7 to 1.9).
lthough the investigators controlled for at least
and up to 20 covariates in these adjusted

nalyses, we cannot rule out residual confound-
ng in these individual studies.

Finally, any meta-analysis is also limited by
he quality of the primary studies. Fortunately, 7
f the 8 studies were of good quality, as rated by
ur quality score for prognostic studies. Most
rimary investigators responded to our requests
or additional information, allowing us to reana-
yze the data in a uniform fashion.

The priorities in the effort to improve out-
omes in patients with AKI are to determine both
standard and meaningful definition for AKI. A

onsistent definition of AKI will allow physi-
ians to stratify risk, inform clinical decisions,
ommunicate with colleagues, identify targets
or intervention, compare results across studies,
nd make important advances in research. The
tandard definition of AKI must be associated
ith increased morbidity or mortality in some or

ll clinical settings. The definition for AKI must
e sensitive so that potentially effective therapies
an be applied before full-blown organ failure
as developed. This meta-analysis provides an
dditional impetus for researchers in the AKI
eld to develop, implement, and validate a new,
tandard, meaningful, and sensitive definition for
KI, such as the definitions suggested by the

tudies used for this systematic review.
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