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Abstract The risk factors, especially laboratory indicators, of prognosis after acute kidney injury (AKI) remain
unclear. We conducted a retrospective survey of Chinese People’s Liberation Army General Hospital from
January 1, 2012 to December 31, 2012 according to the AKI diagnosis standard issued by Kidney Disease
Improving Global Outcomes. The epidemiological features and factors influencing hospital mortality and renal
function recovery were evaluated through logistic regression analysis. Among 77 662 cases of hospitalized patients,
1387 suffered from AKI. The incidence rate and mortality of AKI were 1.79% and 14.56%, respectively.
Multivariate logistic regression analysis revealed that high AKI stage, age greater than 80 years, neoplastic
disease, low cardiac output, increased white blood cell count, and decreased platelet count and serum albumin
levels were the risk factors affecting the mortality of AKI patients. Conversely, body mass index between 28 and
34.9 was a protective factor. Increased AKI stage, tumor disease, post-cardiopulmonary resuscitation, and RRT
were the risk factors of renal function recovery upon discharge. In addition to traditional risk factors, white blood
cell count, platelet count, albumin, and BMI were the predictors of the mortality of AKI patients. No laboratory
indicators were found to be the risk factors of renal function recovery in AKI patients.
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Introduction

Acute kidney injury (AKI) is a set of clinical syndromes,
including the entire spectrum of diseases exhibiting slight
functional changes and requiring renal replacement
therapy [1]. AKI is prevalent worldwide [2]. Its morbidity
and mortality are high, and a mild decline in renal function
negatively influences short- and long-term prognosis [3,4].
For instance, the risks of chronic kidney disease (CKD)
and end-stage renal disease (ESRD) increase by 8- and 3-
fold, respectively [5,6]. AKI largely contributes to
economic burden, but effective treatments for AKI have
yet to be developed. However, AKI is potentially
reversible and its outcomes can be improved with early
detection and treatment. Therefore, the risk factors
influencing prognosis should be fully understood. Studies

have mostly focused on traditional risk factors including
age, underlying diseases (e.g., hypertension and CKD),
and injury factors [6], but laboratory indicators have been
rarely considered. Therefore, we conducted a large
population-based study on AKI in accordance with Kidney
Disease: Improving Global Outcomes (KDIGO) guide-
lines. We collected detailed information to investigate the
risk factors, especially laboratory indicators and various
exposure, influencing the in-hospital prognosis of AKI
patients.

Materials and methods

Subjects

This retrospective and observational study on AKI
was performed at the People’s Liberation Army (PLA)
General Hospital, in Beijing, China. Patients aged over 12
years were screened from January 1, 2012 to December 31,
2012 for AKI in accordance with the KDIGO Clinical
Practice Guideline for AKI released in March 2012. The
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patients who satisfied the diagnostic criteria of KDIGO,
stayed in the hospital for more than 24 h, and underwent
initial diagnosis and original treatment were included.
The patients with maintenance hemodialysis, CKD
stage 5, kidney transplantation, or nephrectomy were
excluded.

Survey design

The survey for AKI was divided into three steps. First, the
characteristics of inpatients (age ≥ 12 years) who were
admitted to the PLA General Hospital in 2012 were
obtained from the hospital’s computer network system.
The patients with suspected AKI were screened, based on
the changes in their serum creatinine (SCr) reported by the
HIS System, which is a computer application system that
can provide Patient Care Information. The patients who did
not satisfy the screening criteria were excluded on the basis
of discharge records. Second, the hospital medical records
of the patients with suspected AKI were further verified
through case analysis to confirm the diagnosis. In this
stage, the patients who did not satisfy the criteria for
screening were excluded. Third, the following medical
records of the patients who were confirmed to have AKI by
our survey or the patients with detected AKI were
collected: demographic data, diagnosis and underlying
diseases, laboratory examinations, inclusion criteria, AKI
classification, injury factors, etiology, Acute Physiology
and Chronic Health Evaluation II (APACHE II) results,
Sequential Organ Failure Assessment (SOFA) results, and
estimated glomerular filtration rate (eGFR, based on the
Modification of Diet in Renal Disease [MDRD] formula)
and therapeutic regimen. APACHE II and SOFA scores
were calculated on the basis of clinical indicators within
24 h of AKI diagnosis. To facilitate further statistical
analysis, these data were then inputted into an online
database system of AKI epidemiology (http://pd.cnrds.
net:6780/aki/user.do?action = firstpage) established by
computer professionals in accordance with the case report
form.

Diagnostic criteria and related definition

Diagnosis and classification of AKI

AKI was defined as an increase in SCr by 26.5 mmol/L
(0.3 mg/dl) within 48 h or a 50% increase in SCr from
the baseline, which is known or presumed to have
occurred within 7 days according to the KDIGO
criteria. The staging of AKI is shown in Table 1. For
patients receiving renal replacement therapy (RRT),
SCr was taken before replacement. The earliest SCr
change that satisfied the KDIGO criteria was defined as
the SCr of AKI onset. The highest SCr was defined as the
peak SCr.

Determination of underlying diseases

Underlying diseases were determined according to the
codes of diagnosis of the International Classification of
Diseases (ICD)-10 upon admission. CKD was defined as
kidney damage caused by various factors or was indicated
by the highest eGFR of 60 ml/(min$1.73 m2) for more than
3 months [9].

Definition of related causes

AKI secondary to surgery was defined by a change in SCr,
which was compared with the preoperative measurement
upon admission to the hospital, during the first 7 days after
surgery and the need for RRT [10]. This AKI is caused by
renal ischemia-reperfusion injury because of an operation,
and this condition was diagnosed according to the
judgment of attending clinicians. A decreased cardiac
output was defined as any structure or functional cardiac
diseases, such as myocardial infarction, congestive heart
failure, severe arrhythmia, and cardiac tamponade, causing
impaired ventricular filling and/or ejection capacity
yielding a cardiac index of < 2.2 L/(min$m2) [11].
According to the judgment of clinicians [12], systemic
vascular dilatation was defined as systemic arteriolar or

Table 1 Staging of AKI
Stage Serum creatinine Urine outputa

1 1.5‒1.9 times baselineb or≥0.3 mg/dl (≥26.5 mmol/L) increase <0.5 ml/(kg$h) for 6‒12h

2 2.0‒2.9 times baseline <0.5 ml/(kg$h) for≥12 h

3 3.0 times baseline or increase in serum creatinine to≥4.0 mg/dl (≥353.6 mmol/L) or decrease in eGFR
to <35 ml/(min$1.73 m2) in patients <18 years

<0.3 ml/(kg$h) for≥24 h or anuria
for≥12 h

aFor patients without a urinary catheter, we modified the standard: 24 h urine volume was determined in the nursing record to calculate the average per hour
urine volume per kilogram. If the urine volume decreased, the duration was identified; otherwise, the urine standard was not reached. bBaseline SCr was the
lowest creatinine level that could be obtained from the patients in our hospital before they were admitted within the last 6 months (15.9%) [7], and kidney
function had no progression with clinical evaluation; otherwise, the lowest SCr during hospitalization (82.3%) was chosen. If data were still unavailable, it could
be estimated by using the MDRD equation, assuming that the baseline eGFR is 75 ml/(min$1.73 m2) (1.7%) [8].
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capillary expansion that induced the low perfusion of
the renal artery because of sepsis, hepatic failure, allergic
reaction, hypotensive drugs, or other causes. Drug-related
AKI [13] was diagnosed as follows: the renal biopsy
was diagnosed with drug-related; nephrotoxic agents
administered for at least 3 days prior to AKI and/or
detection of high plasma levels of these agents, causing
renal hypoperfusion, interstitial nephritis, renal tubular
necrosis, and other conditions. Infection-related AKI [13]
was categorized as renal parenchymal infection and
systemic infection. The diagnosis of the latter required at
least one of the following conditions: documented
bacteremia, a known focus of infection, or immune
suppression with neutropenia. The latter was also diag-
nosed when at least two of the following clinical criteria
were documented at the same time: rigors, abrupt increase
in temperature to more than 38 °C, unexplained blood
white cell count of more than 15 � 109/L, or unexplained
sudden decrease in blood pressure. Histological confirma-
tion was required in glomerular AKI [13]. Urethral
obstruction-associated AKI was described as the acute
urinary tract obstruction of various etiologies, such as
stones, tumors, and prostatic hyperplasia, without cortical
atrophy [14].

Definition of injury factors before AKI occurred

According to the clinician’s judgment, hypovolemia
was diagnosed as the decline of effective blood
volume because of various factors, including massive
hemorrhage and nephrotic syndrome, such that the blood
volume was insufficient to maintain normal blood and
oxygen supplies to tissue. Systolic blood pressure was
lower than 90 mmHg for 1 h [8]. Low cardiac output was
defined by the following symptoms: inadequate systolic
function, hypotension, and signs of tissue hypoxia [8].
Post-cardiopulmonary resuscitation (CPR) was diagnosed
according to the following factors: hemodynamic collapse
and loss of autonomic circulation and pulse; need for CPR;
and defibrillation or epinephrine administration but
remained alive for more than 24 h [8]. Creatine kinase >
5000 U/L or myoglobin > 5000 mg/L was regarded as
rhabdomyolysis [8]. The transfusion of more than ten red
blood cell units within 72 h was considered massive
transfusion [8].

Definition of prognosis

The primary outcome of AKI was in-hospital mortality,
and the secondary outcome was the status of renal
function which was divided into recovery and nonrecov-
ery, at discharge. We considered an AKI case to have
renal recovery for survival if the SCr at discharge was
decreased to a level within 1.5 times the baseline in

the absence of RRT; otherwise, a nonrecovery was
defined [7].

Statistical analysis

The characteristics of the patients with AKI were
determined and stratified in terms of survival status at
discharge. The continuous data of normal distribution
were shown as mean � SD, and two groups were
compared with t-tests. Continuous variables with an
abnormal distribution were reported as median (QU,
QL) and analyzed using Wilcoxon rank sum test.
Categorical variables were shown as n (%), and c2 test
or Mann‒Whitney U test was used as appropriate. The
cumulative rates of the in-hospital survival of different
AKI stages were presented with Kaplan‒Meier plot.
Univariate logistic regression analysis was performed
to evaluate whether age, gender, AKI stage, body mass
index (BMI), underlying diseases, exposures, laboratory
examination, or RRTaffected the short-term outcome. If P-
value was < 0.05, additional multivariate logistic regres-
sion analysis was conducted to estimate odds ratios (ORs).
Data were statistically analyzed with SPSS 17.0 (SPSS

Inc., Chicago, Illinois, USA). P-values were two sided, and
a P < 0.05 was considered significant.

Results

Demographic and clinical characteristics of
hospitalized AKI patients

In 2012, 77 662 patients (age ≥ 12 years) were treated
in the Chinese PLA General Hospital. Of these
patients, 1758 were suspected to have AKI. Medical
records were reviewed, and 371 patients were excluded.
The final cohort consisted of 1387 patients (Fig. 1), and
the calculated overall detection rate of AKI was 1.79%.
The age of more than 70% of the patients diagnosed with
AKI was between 40 and 79 years (Table 2). The male-
to-female ratio was 2.26:1. Nearly 50% of the patients in
the final cohort reached stage 1. Furthermore, 55.0%,
41.4%, and 3.6% of the causes were pre-renal, renal
parenchymal, and post-renal. Surgery, nephrotoxic drug
use, and reduced cardiac output were the three most
common causes of AKI (Table 3). The most common
underlying disease was hypertension (661, 47.7%),
followed by malignancy (408, 29.4%), coronary heart
disease (397, 28.6%), diabetes (328, 23.7%), and pre-
existing CKD (260, 18.8%). Among the injury factors that
might be involved in AKI development, infection,
antibiotics, and diuretics were the three most common.
Of these AKI patients, 11.6% received RRT. Of the 1387
patients, 166 (12%) were diagnosed with AKI by their
attending physicians during their hospital stay. The
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Fig. 1 Study profile AKI: acute kidney injury.

Table 2 Characteristics of patients with AKI according to survival condition
Survival condition at discharge

Total (n = 1387) P value
Survival (n = 1185) Death (n = 202)

Age (year) 61 (48,73) 74 (59,82) 63 (49,74) <0.001a

Age group <0.001a

12‒19 years 32 (2.7%) 2 (1.0%) 34 (2.5%)
20‒39 years 142 (12.0%) 13 (6.4%) 155 (11.2%)
40‒59 years 387 (32.7%) 40 (19.8%) 427 (30.8%)
60‒79 years 505 (42.6%) 74 (36.6%) 579 (41.7%)
≥80 years 119 (10.0%) 73 (36.1%) 192 (13.8%)

Men 814 (68.7%) 148 (73.3%) 962 (69.4%) 0.192

AKI stage <0.001a

1 618 (52.2%) 51 (25.3%) 669 (48.2%)
2 283 (23.9%) 48 (23.8%) 331 (23.9%)
3 284 (24.0%) 103 (51.0%) 387 (27.9%)

BMI 24.3�4.2 22.3�4.0 24.0�4.2 <0.001a

<18.5 80 (6.8%) 33 (16.9%) 113 (8.2%)
18.5‒23.9 493 (41.9%) 97 (49.7%) 590 (43.0%)
24‒27.9 407 (34.6%) 53 (27.2%) 460 (33.6%)
28‒34.9 183 (15.6%) 11 (5.6%) 194 (14.2%)
≥35 13 (1.1%) 1 (0.5%) 14 (1.0%)

AKI classification 0.151

Pre-renal 641 (54.1%) 122 (60.4%) 763 (55.0%)
Intrinsic-renal 498 (42.0%) 76 (37.6%) 574 (41.4%)
Post-renal 46 (3.9%) 4 (2.0%) 50 (3.6%)

Underlying disease

Hypertension 550 (46.4%) 111 (55.0%) 661 (47.7%) 0.025a

Malignancy 326 (27.5%) 82 (40.6%) 408 (29.4%) <0.001a
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deceased group was older than the survival group. Half of
the deceased patients were at stage 3, while, only a quarter
of the survival were at this stage. Laboratory results were
analyzed to determine the possible predictors of AKI
prognosis for patients diagnosed with AKI for no more
than 24 h. Our findings revealed that the hemoglobin
concentration, platelet count, and serum albumin concen-
tration of the deceased group decreased and their white
blood cell count, total bilirubin, peak creatinine, and lactate
dehydrogenase concentration increased (Table 2). No
significant difference was found in their uric acid

(Continued)
Survival condition at discharge

Total (n = 1387) P value
Survival (n = 1185) Death (n = 202)

CHD 317 (26.8%) 80 (39.6%) 397 (28.6%) <0.001a

Diabetes 276 (23.3%) 52 (25.7%) 328 (23.7%) 0.449

CKD 222 (18.7%) 38 (18.8%) 260 (18.8%) 0.979

Cirrhosis 55 (4.6%) 8 (4.0%) 63 (4.5%) 0.667

MODS 41 (3.5%) 15 (7.4%) 56 (4.0%) 0.008a

COPD 32 (2.7%) 14 (6.9%) 46 (3.3%) 0.002a

Sepsis 22 (1.9%) 8 (4.0%) 30 (2.2%) 0.101

Numberb 1 (0,1) 2 (1,2) 2 (1,2) <0.001a

Injury factors

Infection 690 (58.2%) 155 (76.7%) 845 (60.9%) <0.001a

Antibiotics 683 (57.6%) 124 (61.4%) 807 (58.2%) 0.318

Diuretics 539 (45.5%) 120 (59.4%) 659 (47.5%) <0.001a

Colloid infusion 439 (37.1%) 86 (42.6%) 525 (37.9%) 0.134

NSAID 305 (23.9%) 51 (25.1%) 356 (24.1%) 0.089

Low cardiac output 151 (12.7%) 53 (26.2%) 204 (14.7%) <0.001a

Post-CPR 26 (2.2%) 8 (4.0%) 34 (2.5%) 0.210

Numberb 3 (1,5) 4 (2,5) 3 (1,5) 0.139

APACHE II 10.6�6.0 19.5�8.9 11.9�7.2 <0.001a

SOFA 4 (2,7) 9 (5,14) 4 (2,8) <0.001a

Laboratory examinationa

Hb (g/L) 108.9�26.0 100.7�30.0 107.7�26.7 <0.001a

WBC (� 109/L) 10.0 (6.9,14.0) 11.8 (7.6,18.4) 10.3 (7.1,14.4) <0.001a

PLT (� 109/L) 168.5 (107.0,230.0) 126.0 (66.0,203.0) 163.0 (100.0,228.0) <0.001a

ALB (g/L) 32.5�6.8 30.0�6.4 32.1�6.8 <0.001a

TBil (mmol/L) 11.2 (6.8,20.9) 16.6 (8.5,43.0) 11.8 (7.0,22.1) <0.001a

Baseline SCr (mmol/L) 85.2 (68.6,115.7) 79.0 (58.7,102.2) 84.1 (67.2,114.7) <0.001a

SCr on diagnosis (mmol/L) 157.9 (125.8,229.5) 157.9 (119.6,224.2) 157.9 (125.4,227.7) 0.184

Peak SCr (mmol/L) 166.2 (131.2,244.9) 196.7 (145.8,279.3) 170.0 (132.7,254.6) 0.004a

SUA (mmol/L) 418.9 (315.9,540.8) 434.4 (325.0,596.1) 422.3 (317.3,548.5) 0.063

LDHc (U/L) 235.7 (177.6,380.3) 485.0 (261.5,1033.0) 248.5 (181.6,443.2) <0.001a

RRT 121 (10.2%) 40 (19.8%) 161 (11.6%) <0.001a

Hospital stay (day) 18.0 (10.5,29.0) 18.5 (9.0,35.5) 18.0 (10.0,30.0) 0.597

Hospital costcd (CNY) 77 889 (36 756, 131 609) 95 394 (48 949, 181 141) 79 475 (37 784, 135 837) <0.001a

Data were expressed as mean ± SD, median (QU, QL), or n (%).
BMI, body mass index; CHD, coronary heart disease; CKD, chronic kidney disease; MODS, multiple organ dysfunction syndrome; COPD, chronic obstructive
pulmonary disease; NSAID, non-steroidal anti-inflammatory drug; Post-CPR, post-cardiopulmonary resuscitation; APACHE II, Acute Physiology and Chronic
Health Evaluation II; SOFA, Sequential Organ Failure Assessment; Hb, hemoglobin; WBC, white blood cell; PLT, platelet count; ALB, albumin; TBil, total
bilirubin; SCr, serum creatinine; SUA, serum uric acid; LDH, lactate dehydrogenase; RRT, renal replacement therapy.
aP<0.05 with statistical differences. bDefined as cumulative number. cMissing data of hospital cost in two cases. dDefined as total hospitalization cost.

Table 3 Etiology distribution of AKI
Causes Patients, n (%)

Surgery-related AKI 226 (16.29%)

Decreased cardiac output 179 (12.91%)

Systemic vascular dilatation 147 (10.60%)

Drug-related AKI 197 (14.20%)

Infection-related AKI 145 (10.45%)

Renal ischemia-related AKI 110 (7.93%)

Glomerular AKI 62 (4.47%)

Urethral obstruction-related AKI 50 (3.60%)
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concentration. The hospitalization expenses incurred by
the deceased group were higher than those of the survival
group. The hospitalization time of the two groups did not
significantly differ. The clinical features of the patients
stratified in terms of different living states at discharge are
shown in Table 2.

Risk factors of the in-hospital mortality of patients with
AKI

The all-cause in-hospital mortality of AKI was 14.56%
(202/1387). With the severity of AKI, the cumulative
survival rate decreased gradually (Fig. 2). The obtained
data were assessed through univariate logistic regression
analysis to estimate P-values. If a P-value was < 0.05, the
variable was analyzed with the final multifactor regression
model. Multivariate logistic analysis revealed that the ORs
(95% confidence intervals) of in-hospital death of stages 2
and 3 AKI were 1.78 (1.06 to 3.00) and 4.21 (2.44 to 7.24),
respectively, compared with those of stage 1 AKI (Table
4). The mortality risk of the patients aged more than 80
years was 7.14 times as high as that of the patients aged
12‒19 years. Compared with that of the patients with
BMI < 18.5, the mortality risk of the patients with BMI
between 28 and 34.9 was decreased by 81%. These
findings indicated that high BMI was an independent
protective factor against the mortality risk of AKI. The
independent mortality risk factors of AKI included the
presence of a preexisting tumor, low cardiac output, high
white blood count, low platelet counts, and low serum
albumin concentration. The calibration and discrimination
for the regression model shown in Table 4 were 6.961 (P =
0.541) and 0.871, respectively.

Fig. 2 Kaplan‒Meier plot of cumulative rates of in-hospital
survival by AKI stage.

Table 4 Multivariate logistic regression analysis for the factors
associated with all-cause in-hospital mortality of AKI

Variables P value OR (95% CI)

AKI stage

1 ‒ 1a

2 0.03b 1.78 (1.06,3.00)

3 <0.001b 4.21 (2.44,7.24)

Age

12‒19 years ‒ 1a

20‒39 years 0.54 1.68 (0.32,8.77)

40‒59 years 0.71 1.35 (0.28,6.53)

60‒79 years 0.42 1.90 (0.39,9.12)

≥80 years 0.02b 7.14 (1.43,35.53)

BMI

<18.5 ‒ 1a

18.5‒23.9 0.39 0.77 (0.42,1.40)

24‒27.9 0.08 0.56 (0.29,1.08)

28‒34.9 <0.001b 0.19 (0.07,0.50)

≥35 0.26 0.27 (0.03,2.73)

Underlying disease

Number of underlying disease (yes vs. no) 0.38 1.19 (0.81,1.74)

Hypertension 0.56 1.19 (0.66,2.14)

CHD 0.25 1.46 (0.77,2.77)

Tumor 0.01b 2.19 (1.23,3.90)

MODS 0.57 1.31 (0.52,3.25)

CKD 0.94 1.03 (0.53,1.98)

COPD 0.62 1.26 (0.50,3.16)

Injury factors (yes vs. no)

DIC 0.07 4.06 (0.88,18.66)

Hypovolemia 0.61 1.14 (0.68,1.92)

Low cardiac output <0.001b 2.62 (1.55,4.42)

Contrast medium 0.17 0.51 (0.20,1.34)

ACEI/ARBs 0.16 0.54 (0.23,1.28)

Diuretic 0.55 1.13 (0.76,1.68)

Laboratory indexes

Hb (1 g/L) 0.91 1.00 (0.99,1.01)

WBC (1 � 109/L) <0.001b 1.04 (1.01,1.06)

PLT (1 � 109/L) 0.01b 1.00 (1.00,1.00)

ALB (1 g/L) 0.03b 0.96 (0.93,1.00)

TBil (1 mmol/L) 0.08 1.00 (1.00,1.00)

Peak SCr (1 mmol/L) 0.14 1.00 (1.00,1.00)

LDH (1 U/L) 0.17 1.00 (1.00,1.00)

RRT (yes vs. no) 0.48 1.23 (0.69,2.21)

All of the variables listed in this table were included in the regression analysis
model. BMI, body mass index; CHD, coronary heart disease; MODS,
multiple organ dysfunction syndrome; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; DIC, disseminated intravascular
coagulation; ACEI/ARBs, angiotensin-converting enzyme inhibitors/angio-
tensin receptor blockers; Hb, hemoglobin; WBC, white blood cell; PLT,
platelet count; ALB, albumin; TBil, total bilirubin; SCr, serum creatinine;
LDH, lactate dehydrogenase; RRT, renal replacement therapy.
aReference value. bP<0.05 with statistical differences.
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Risk factors of renal function recovery in patients with
AKI

Of the 1179 patients with AKI in the study (202 died,
6 provided insufficient information regarding the status
of RRT after the patients were discharged), 346 (29.4%)
did not achieve full renal recovery at discharge. Approxi-
mately 60% of the patients who received RRT
during hospitalization required RRT after they were
discharged.
A high AKI stage was associated with poor renal

outcomes. Stages 2 and 3 AKI corresponded to 85% and
178% poorer restoration than stage 1 AKI after adjustment
was performed for demographic characteristics, underlying
diseases, exposures, laboratory indicators, and RRT.
Suffering from tumor, experiencing resuscitation, and
RRT were adverse to renal recovery (Table 5). The
calibration and discrimination for the regression model

shown in Table 5 were 6.595 (P = 0.581) and 0.762,
respectively.

Discussion

Since the establishment of a classification of AKI in
accordance with the KDIGO Clinical Practice Guidelines
for AKI published in 2012, the epidemiological character-
istics of AKI across countries and populations have been
accurately recognized. Poor prognosis, such as high
mortality rate, poor renal recovery, and high risk of
progression to CKD, ESRD, and cardiovascular events,
have also been observed in patients with AKI [15].
However, effective approaches have yet to be developed to
reverse AKI. As such, factors influencing patient prognosis
should be investigated to identify and treat AKI in early
stages and to reduce the occurrence of adverse outcomes.
In this study, an AKI epidemiological survey among
hospitalized patients aged ≥ 12 years was performed in
2012 in a tertiary metropolitan hospital in China according
to the KDIGO guideline to explore the risk factors
affecting the prognosis of AKI patients. In addition to
basic risk factors, laboratory indicators were considered to
evaluate the prognosis comprehensively.
Our survey determined that the rate of AKI in the

hospitalized patients was 1.79%, which is similar to the
previously reported range of 0.99%‒3.14% [16] in Chinese
hospitalized adults but is lower than the rates reported in
studies conducted in developed countries [2]. AKI does not
manifest specific symptoms and is primarily diagnosed by
observing the changes in serum creatinine over a short
period. The lack of awareness on AKI in China may result
in a low frequency of serum creatinine measurements. The
data reported in developed countries reveals that a repeated
serum creatinine assay for patients admitted to a hospital is
63.2% [17]. By comparison, a separate repeated serum
creatinine assay yields 24.76% to 30% [16] in Chinese
studies. Therefore, the prevalence of AKI in China is
undoubtedly underestimated. The accurate measurement of
urine volume is difficult for ordinary patients. As such,
most studies are based on creatinine standards. The factors
that negatively affect AKI reporting suggest that the
documented incidence of AKI is lower than the actual
value. These findings are consistent with the rate of missed
AKI diagnoses of up to 70%.
Consistent with those in previous reports [16], the in-

hospital mortality of the AKI patients in our study was
14.56%, nearly two-thirds of the survival fully recovered
their renal function, and 60% of those receiving RRT must
continue RRT post-discharge.
Multi-factor regression analysis revealed that, six

factors, namely, AKI stage, BMI, low cardiac output,
leukocyte count, platelet count, and serum albumin, in
addition to age and tumor, were associated with hospital

Table 5 Multivariate logistic regression analysis for the factors
associated with renal function recovery at discharge in AKI

Variables P value OR (95% CI)

AKI stage <0.001a

1 ‒ 1b

2 <0.001a 1.85 (1.30,2.63)
3 <0.001a 2.78 (1.82,4.23)

Underlying disease (yes vs. no) 　

Hypertension 0.16 0.80 (0.59,1.09)
Sepsis 0.10 2.46 (0.84,7.17)
CHD 0.40 1.17 (0.81,1.71)
Tumor 0.01a 1.63 (1.16,2.28)
MODS 0.55 0.79 (0.35,1.74)
CKD 0.17 0.74 (0.49,1.13)

Injury factors (yes vs. no)

Post-CPR 0.03a 2.66 (1.11,6.35)
Hypovolemia 0.25 1.27 (0.85,1.90)
Antibiotics 0.39 1.16 (0.83,1.63)
Colloid 0.41 1.15 (0.82,1.62)
Antineoplastic drug 0.10 1.52 (0.92,2.51)

Laboratory index 　

Hb (1 g/L) 0.57 1.00 (0.99,1.00)
PLT (1 � 109/L) 0.94 1.00 (1.00,1.00)
ALB (1 g/L) 0.29 0.99 (0.97,1.01)
Peak SCr (1 mmol/L) 0.88 1.00 (1.00,1.00)
LDH (1 U/L) 0.36 1.00 (1.00,1.00)

RRT (yes vs. no) <0.001a 5.18 (3.00,8.95)

All of the variables listed in this table were included in the regression analysis
model. CHD, coronary heart disease; MODS, multiple organ dysfunction
syndrome; CKD, chronic kidney disease; Post-CPR, post-cardiopulmonary
resuscitation; Hb, hemoglobin; PLT, platelet count; ALB, albumin; SCr,
serum creatinine; LDH, lactate dehydrogenase; RRT, renal replacement
therapy.
aP<0.05 with statistical differences. bReference value.
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mortality in patients with AKI. Our study confirmed that
AKI stage was an independent risk factor of the in-hospital
mortality of stage 1 patients serving as the internal control
group; however, conventional controls are patients without
AKI [18]. Although the peak SCr is a factor influencing
mortality, as indicated by univariate analysis, no statistical
significance was found after data were adjusted for
potential confounding factors. Univariate analysis sug-
gested that AKI stage might account for the effect of peak
SCr. Therefore, peak SCr was a dependent risk factor of
hospital mortality.
Obese patients with BMI ≥ 28 likely survive, but

this finding contradicts our conceptions about obesity-
related glomerulopathy. Druml et al. [19] showed
that hospital mortality rates follow a U-shaped pattern,
and the lowest mortality is observed in obese patients
(30 ≤ BMI ≤ 35). BMI ≥ 28 is considered obese in
China, because the BMIs of Chinese are lower than those
of Europeans and Americans. Nevertheless, the health
industry standard of the People’s Republic of China does
not subdivide obese patients according to various adult
weights. Instead, we further divided BMI ≥ 28 into mild
obesity (28‒34.9) and severe obesity (BMI = 35) in
accordance with the obesity classification of WHO.
Compared with that of the reference group, the OR of
the patients with severe obesity (0.27) was higher than that
of the patients with mild obesity (0.19), but this difference
was not significant. An extensive sample size should be
considered for further statistical analysis because mild
obesity rather than normal weight yields the lowest
mortality; this phenomenon has been termed “obesity
paradox,” and it has been confirmed in various diseases,
such as chronic obstructive pulmonary disease, congestive
heart failure, cirrhosis, and AKI [20]. In another study,
the generation and distribution of uremic toxins in
patients with chronic renal disease [19] are likely
unsatisfactory.
Low cardiac output, caused by coronary heart disease,

heart failure, and other cardiac conditions, induces
peripheral vasoconstriction and tissue hypoperfusion.
Hypokinemia could also be an independent predictor of
the mortality of AKI patients. These findings are similar to
observed by Abelha et al. [21], who reported that ischemic
heart disease and congestive heart disease are preoperative
determinants of death in the postoperative period. In
addition to these known risk factors, laboratory indicators,
namely, increased white blood cell count, decreased
platelet count, and low serum albumin levels, were
independent predictors of the mortality of AKI patients.
De Labry et al. confirmed that increased leukocytes count
contributed to mortality [22], and this phenomenon may be
attributed to an increase in the concentrations of
inflammatory cells and inflammatory factors in the serum
[23]. Kertai et al. indicated the association between platelet
count and short-term mortality risk in patients who

underwent coronary artery bypass graft surgery [24]. Our
study also obtained the same conclusion, but the causality
should be further confirmed. A decrease in platelet count
may be related to the consumption of platelets in vivo
because of extensive coagulation [25], and this observation
may indicate the tendency of bleeding and poor prognosis
in patients with AKI. A low serum albumin level, which is
often detected in some diseases with adverse outcomes,
such as malnutrition and liver function injury, is related to
the increased risk of mortality. Albumin is also implicated
in antioxidation and repair [26]. The protective effects of
serum albumin on patients with AKI were largely reduced
when serum albumin content decreased. These patients
were prone to cancer, lung diseases, and other diseases and
hence increase the risk of death. However, the optimal
concentration range of serum albumin has yet to be
provided [27]. On the basis of normal albumin concentra-
tion, we divided the patients into two groups: ≥ 30
and < 30 g/L. We found that the latter was at a higher risk
of in-hospital death than the former. This finding could
help clinicians manage their patients.
Multivariate regression analysis revealed that renal

function recovery in patients with AKI was related to
AKI stage, presence of a tumor, and receiving CPR and
RRT, but it was not correlated with laboratory indicators. A
high AKI stage corresponded to poor renal function
recovery [28]. If the correct diagnosis and staging of AKI
is provided, the progression of AKI can be prevented
timely and the prognosis of AKI patients can be improved.
Cardiac arrest and CPR result in warm renal ischemia and
ischemia-reperfusion injury. These clinical cases of CPR
and ischemia-reperfusion are similar to animal models
used to investigate ischemic acute kidney injury [29].
Therefore, renal recovery is possibly impaired by ischemia
reperfusion injury.
In this study, complete, detailed, and reliable epidemio-

logical data were collected from hospitalized patients with
AKI, and the factors influencing the prognosis of AKI were
analyzed. However, some limitations should be consid-
ered. First, this study is a single-center retrospective study,
which could only represent the same level of hospitals in
China rather than those at the national level. Second, the
lack of data of hospitalized patients without AKI limited
our analysis of the control group. Third, further follow-up
information was unavailable. As such, we were unable to
analyze the long-term prognosis of patients with AKI.
Fourth, not all cases were evaluated because of missing
data. Finally, our study determined AKI on the basis of the
changes in SCr and excluded urinary output. Therefore,
some patients with AKI were not considered. The lack of
repeated creatinine measurements probably underesti-
mated the incidence of AKI. The serum creatinine of
some malnourished patients did not also evidently change.
Consequently, AKI was misdiagnosed.
A concurrent national multicenter prospective
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epidemiological study on AKI is underway.
In conclusion, hospitalized patients with AKI yield a

high mortality rate. Basic risk factors and some laboratory
indicators can predict the death of patients with AKI. Basic
risk factors are suggested to affect renal function recovery
adversely. Government authorities, health care profes-
sionals, and civilians should increase their awareness on
AKI. The incidence of AKI and adverse prognosis can be
reduced by early prevention, early diagnosis, and indivi-
dualized treatment.

Acknowledgements

This study was supported by the National Key Technology
R&D Program (Nos. 2013BAI09B05 and 2015BAI12B06),
the Beijing Municipal Science and Technology Commission (No.

Z131107002213011), the Special Fund for NHFPC Scientific
Research in the Public Welfare (No. 201502023), and the Fund of
Chinese PLA 12th Five-Year Plan for Medical Sciences (Nos.

BWS14J040 and BWS11J027).

Compliance with ethics guidelines

Sasa Nie, Zhe Feng, Lihua Xia, Jiuxu Bai, Fenglin Xiao, Jian Liu, Li

Tang, and Xiangmei Chen declare that they have no conflict of
interest. This study was approved by the Ethics Committee of

PLA General Hospital and was performed in accordance with the
ethical standards and the Helsinki Declaration of 1975, as revised in
2000 (5).

References

1. Kidney DOQI. KDIGO clinical practice guidelines for acute kidney
injury. Kidney Int Suppl 2012; 2: 1–138

2. Mehta RL, Cerdá J, Burdmann EA, Tonelli M, García-García G, Jha
V, Susantitaphong P, Rocco M, Vanholder R, Sever MS, Cruz D,
Jaber B, Lameire NH, Lombardi R, Lewington A, Feehally J,

Finkelstein F, Levin N, Pannu N, Thomas B, Aronoff-Spencer E,
Remuzzi G. International Society of Nephrology’s 0by25 initiative
for acute kidney injury (zero preventable deaths by 2025): a human
rights case for nephrology. Lancet 2015; 385(9987): 2616–2643

3. Lameire NH, Bagga A, Cruz D, De Maeseneer J, Endre Z, Kellum
JA, Liu KD, Mehta RL, Pannu N, Van Biesen W, Vanholder R.
Acute kidney injury: an increasing global concern. Lancet 2013; 382
(9887): 170–179

4. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW.
Acute kidney injury, mortality, length of stay, and costs in
hospitalized patients. J Am Soc Nephrol 2005; 16(11): 3365–3370

5. Chawla LS, Amdur RL, Amodeo S, Kimmel PL, Palant CE. The
severity of acute kidney injury predicts progression to chronic
kidney disease. Kidney Int 2011; 79(12): 1361–1369

6. Wald R, Quinn RR, Luo J, Li P, Scales DC, Mamdani MM, Ray JG,
University OTAK. Chronic dialysis and death among survivors of
acute kidney injury requiring dialysis. JAMA 2009; 302(11): 1179–
1185

7. Ali T, Khan I, Simpson W, Prescott G, Townend J, Smith W,

MacLeod A. Incidence and outcomes in acute kidney injury: a
comprehensive population-based study. J Am Soc Nephrol 2007; 18
(4): 1292–1298

8. Nisula S, Kaukonen K, Vaara ST, Korhonen A, Poukkanen M,
Karlsson S, Haapio M, Inkinen O, Parviainen I, Suojaranta-Ylinen
R, Laurila JJ, Tenhunen J, Reinikainen M, Ala-Kokko T, Ruokonen
E, Kuitunen A, Pettilä V. Incidence, risk factors and 90-day
mortality of patients with acute kidney injury in Finnish intensive
care units: the FINNAKI study. Intensive Care Med 2013; 39(3):

420–428

9. Levey AS, Eckardt K, Tsukamoto Y, Levin A, Coresh J, Rossert
JDE, Zeeuw D, Hostetter TH, Lameire N, Eknoyan G. Definition
and classification of chronic kidney disease: a position statement
from Kidney Disease: Improving Global Outcomes (KDIGO).
Kidney Int 2005; 67(6): 2089–2100

10. Machado MN, Nakazone MA, Maia LN. Prognostic value of acute
kidney injury after cardiac surgery according to Kidney Disease:
Improving Global Outcomes definition and staging (KDIGO)
criteria. PLoS One 2014; 9(5): e98028

11. Loef BG, Epema AH, Smilde TD, Henning RH, Ebels T, Navis G,
Stegeman CA. Immediate postoperative renal function deterioration
in cardiac surgical patients predicts in-hospital mortality and long-
term survival. J Am Soc Nephrol 2005; 16(1): 195–200

12. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera
S, Schetz M, Tan I, Bouman C, Macedo E, GibneyN, TolwaniA,
RoncoC, Beginning and Ending Supportive Therapy for the Kidney
(BEST Kidney) Investigators. Acute renal failure in critically ill
patients: a multinational, multicenter study. JAMA 2005; 294(7):
813–818

13. Liano F, Pascual J, The Madrid Acute Renal Failure Study Group.

Epidemiology of acute renal failure: a prospective, multicenter,
community-based study. Kidney Int 1996; 50(3): 811–818

14. İnal S, Altuntaş A, Kidir V, Özorak A, İlgin Y, Sezer MT. Utility of
serum creatinine/cystatin C ratio in diagnosis of postrenal acute
kidney injury. J Res Med Sci 2014; 19(11): 1086‒1089

15. Lewington AJ, Cerdá J, Mehta RL. Raising awareness of acute

kidney injury: a global perspective of a silent killer. Kidney Int
2013; 84(3): 457–467

16. Yang L, Xing G, Wang L, Wu Y, Li S, Xu G, He Q, Chen J, Chen M,
Liu X, Zhu Z, Yang L, Lian X, Ding F, Li Y,Wang H,Wang J, Wang
R, Mei C, Xu J, Li R, Cao J, Zhang L, Wang Y, Xu J, Bao B, Liu B,
Chen H, Li S, Zha Y, Luo Q, Chen D, Shen Y, Liao Y, Zhang Z,
Wang X, Zhang K, Liu L, Mao P, Guo C, Li J, Wang Z, Bai S, Shi S,
Wang Y, Wang J, Liu Z, Wang F, Huang D, Wang S, Ge S, Shen Q,

Zhang P, Wu L, Pan M, Zou X, Zhu P, Zhao J, Zhou M, Yang L, Hu
W, Wang J, Liu B, Zhang T, Han J, Wen T, Zhao M, Wang H. ISN
AKF 0by25 China Consortiums. Acute kidney injury in China: a
cross-sectional survey. Lancet 2015; 386(10002): 1465–1471

17. Zeng X, McMahon GM, Brunelli SM, Bates DW, Waikar SS.
Incidence, outcomes, and comparisons across definitions of AKI in
hospitalized individuals. Clin J Am Soc Nephrol 2014; 9(1): 12–20

18. Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality in acute
kidney injury: a systematic review. Kidney Int 2008; 73(5): 538–546

19. Levin NW, Handelman GJ, Coresh J, Port FK, Kaysen GA. Reverse
epidemiology: a confusing, confounding, and inaccurate term.

Seminars in dialysis. Semin Dial 2007; 20(6): 586–592

Sasa Nie et al. 401



20. Druml W, Metnitz B, Schaden E, Bauer P, Metnitz PG. Impact of

body mass on incidence and prognosis of acute kidney injury
requiring renal replacement therapy. Intensive Care Med 2010; 36
(7): 1221–1228

21. Abelha FJ, Botelho M, Fernandes V, Barros H. Determinants of
postoperative acute kidney injury. Crit Care 2009; 13(3): R79

22. De Labry LO, Campion EW, Glynn RJ, Vokonas PS. White blood

cell count as a predictor of mortality: results over 18 years from the
Normative Aging Study. J Clin Epidemiol 1990; 43(2): 153–157

23. Rabb H, O’Meara YM, Maderna P, Coleman P, Brady HR.
Leukocytes, cell adhesion molecules and ischemic acute renal
failure. Kidney Int 1997; 51(5): 1463–1468

24. Kertai MD, Zhou S, Karhausen JA, Cooter M, Jooste E, Li Y, White

WD, Aronson S, Podgoreanu MV, Gaca J, Welsby IJ, Levy JH,
Stafford-Smith M, Mathew JP, Fontes ML. Platelet counts, acute
kidney injury, and mortality after coronary artery bypass grafting

surgery. Anesthesiology 2016; 124(2): 339–352

25. Bieger R, Vreeken J, Stibbe J, Loeliger EA. Arterial aneurysm as a
cause of consumption coagulopathy. N Engl J Med 1971; 285(3):
152–154

26. Zoellner H, Hofler M, Beckmann R, Hufnagl P, Vanyek E, Bielek E,
Wojta J, Fabry A, Lockie S, Binder BR. Serum albumin is a specific
inhibitor of apoptosis in human endothelial cells. J Cell Sci 1996;

109(10): 2571–2580

27. Karas PL, Goh SL, Dhital K. Is low serum albumin associated with
postoperative complications in patients undergoing cardiac surgery?
Interact Cardiovasc Thorac Surg 2015; 21(6): 777–786

28. Xu X, Nie S, Liu Z, Chen C, Xu G, Zha Y, Qian J, Liu B, Han S, Xu
A, Hou FF. Epidemiology and clinical correlates of AKI in Chinese

hospitalized adults. Clin J Am Soc Nephrol 2015; 10(9): 1510–1518

29. Chua H, Glassford N, Bellomo R. Acute kidney injury after cardiac
arrest. Resuscitation 2012; 83(6): 721–727

402 Risk factors for prognosis in AKI patients


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


