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Abstract
Purpose of the study  The incidence of acute kidney 
injury (AKI) with a poor prognosis in the elderly has been 
increasing each year. This study aimed to investigate the 
clinical characteristics of and risk factors for death from 
AKI in the elderly and help improve prognosis.
Study design  This study was a retrospective cohort 
study based on data from adult patients (≥18 years old) 
admitted to 15 hospitals in China between 1 January 
2009 and 31 December 2011. The characteristics of 
AKI in the elderly were compared with those in younger 
patients.
Results  In elderly patients with AKI, rates of 
hypertension, cardiovascular disease and multiple organ 
dysfunction syndrome (MODS) were higher than in 
younger patients (44.2% vs 31.2%, 16.1% vs 4.6% 
and 20.9% vs 16.9%, respectively), the length of ICU 
stay was longer (3.8 days vs 2.7 days, P=0.019) and 
renal biopsy (1.0% vs 7.13%, P<0.001) and dialysis 
(9.6% vs 19.2%, P<0.001) were performed less. 
Hospital-acquired (HA) AKI was more common than 
community-acquired (CA) AKI (60.3% vs 39.7%), while 
the most common cause of AKI was pre-renal (53.5%). 
Multiple logistic regression analysis showed that age 
(OR 1.041, 95% CI 1.023 to 1.059), cardiovascular 
disease (OR 1.980, 95% CI 1.402 to 2.797), cancer 
(OR 2.302, 95% CI 1.654 to 3.203), MODS (OR 3.023, 
95% CI 1.627 to 5.620) and mechanical ventilation (OR 
2.408, 95% CI 1.187 to 4.887) were significant risk 
factors for death.
Conclusions  HA-AKI and pre-renal AKI were more 
common in the elderly. Age, cardiovascular disease, 
cancer, MODS and mechanical ventilation were 
independent risk factors for death in the elderly with AKI.

Introduction
Acute kidney injury (AKI) is common in hospi-
talised adults and is associated with significantly 
higher in-hospital mortality and resource usage.1 
An association between AKI and the elderly has long 
been recognised,2 with AKI being more common 
in the elderly than in other age groups. The inci-
dence of AKI in the elderly has been increasing 
annually, accompanied by a higher death rate than 
in younger patients, along with a poor prognosis 
and a lack of effective drugs. AKI in the elderly has 
become a serious public health problem. However, 
in our country, only a few multicentre studies on 
AKI in the elderly have been conducted. Therefore, 
exploring the characteristics of and risk factors for 

death in the elderly with AKI may help improve the 
current poor prognosis of this condition.

Material and methods
Study design
A multicentre, retrospective cohort of patients with 
AKI (aged ≥18 years old) in 15 tertiary hospi-
tals in China (the distribution of the 15 hospitals 
is given in online supplementary table 1) from 1 
January 2009 to 31 December 2011 was recruited. 
The inclusion criteria were as follows: age ≥18 
years, and initial identification of AKI according 
to Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria and expanded criteria. Patients 
with stage 5 chronic kidney disease (CKD), those 
receiving maintenance dialysis, those who had 
received a kidney transplant, and those who had 
undergone nephrectomy were excluded. The AKI 
patient screening process is shown in figure 1. The 
Medical Ethics Committee of the Chinese PLA 
General Hospital approved the study protocol and 
waived patient consent.

Data sources
Data including patient age, gender, admission and 
discharge dates, length of stay (LOS), inpatient 
ward, serum creatinine (SCr) values and test date, 
medical history, diagnosis, invasive procedures 
and surgeries, the number of failed organs in each 
patient, all-cause in-hospital death and total cost 
were collected from electronic medical records and 
laboratory databases. All AKI medical records were 
checked by trained nephrologists.

Definition of AKI
The criteria for identifying AKI included the 2012 
KDIGO AKI definition and expanded criteria. AKI 
was identified on the basis of a 0.3 mg/dL increase 
in SCr within 48 hours or a 50% increase in SCr 
from baseline within 7 days according to the 
KDIGO criteria.3 AKI expanded criteria included 
a 50% increase or decrease in SCr during the 
hospital stay relative to the SCr value at admission 
as baseline for those who did not have a repeat SCr 
assay within 7 days or who were recovering from 
AKI.4 5

 AKI stage was determined by the peak SCr level 
after AKI onset.3 AKI was classified as commu-
nity-acquired AKI (CA-AKI) or hospital-ac-
quired AKI (HA-AKI). When AKI was diagnosed 
within 48 hours of admission to hospital or in the 
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community, it was defined as CA-AKI.3 However, when AKI 
occurred 48 hours after admission to hospital or did not meet 
the CA-AKI criteria, it was defined as HA-AKI.3

The causes of AKI were classified as pre-renal, renal and post-
renal, as determined by nephrologists. If AKI patients had both 
pre-renal and renal causes of AKI, it was classified as renal. If 
a post-renal cause was identified with pre-renal and/or renal 
causes, AKI was classified as post-renal.6 7

MODS was diagnosed if there was dysfunction of two or more 
major organs according to the American College of Chest Physi-
cians/Society of Critical Care Medicine Consensus Conference.8 
Cardiovascular failure was defined as characterised mean arte-
rial blood pressure <60 mmHg and the use of vasoactive drugs 
to maintain blood pressure. Respiratory failure was defined as a 
PaO2 value <60 mmHg and/or a PaCO2 value >50 mmHg and 
the need for mechanical ventilation. Central nervous system 
failure was defined as Glasgow Coma Scale scores <7. Liver 
dysfunction was defined as total serum bilirubin >2 mg/dL 
and alanine amino transaminase more than twice the normal 
level.9 10

Statistical analysis
Continuous variables were expressed as the mean±SD or 
median (IQR). Categorical variables were expressed as n (%). 
One-way ANOVA or the Kruskal-Wallis test was used for 
continuous variables. The χ² test was used for categorical vari-
ables. Logistic regression analysis was used to explore the risk 
factors for death from AKI in the elderly. All P values were 
two-sided, and P<0.05 was considered significant. Analyses 
were performed with IBM SPSS 22.0 software (SPSS Institute, 
IBM, USA).

Results
Detection of and rate of death from AKI in the elderly
AKI was detected in 1.61% of the elderly in hospital, and the 
death rate was 16.7% (255/1525). Both values were higher than 
in younger AKI patients (P<0.05) (table 1).

AKI characteristics in the elderly
The mean age of the older AKI patients was 73.3 years. More 
of the older patients with AKI were men than women (62.1% 
vs 37.9%; P<0.001). Comparison of concurrent diseases in the 
elderly AKI patients showed that hypertension, cardiovascular 
disease and MODS were more common than in younger patients 
(44.2% vs 31.2%, P<0.001; 16.1% vs 4.6%, P<0.001; 20.9% 
vs 16.9%, P<0.001, respectively). However, there was no signif-
icant difference in diabetes, cancer or CKD (table  2). Elderly 
AKI patients underwent far fewer renal biopsies and less dialysis 
(1.0% vs 7.13%, P<0.001; 9.6% vs 19.2%, P<0.001, respec-
tively) and experienced longer ICU stays. There was no signif-
icant difference between the elderly and younger AKI patients 
regarding mechanical ventilation, LOS, hospital cost or daily 
cost.

In the elderly, pre-renal AKI accounted for 53.5% of cases 
and renal AKI for 30.5% of cases, while HA-AKI accounted for 
60.3%. There were more pre-renal AKI and HA-AKI cases in the 
elderly than in younger AKI patients (table 2).

Table  3 compares HA-AKI and CA-AKI in the elderly. The 
mortality rate in HA-AKI patients (20.8%) was higher than that 
in CA-AKI patients (16.6%) (P=0.047). The average LOS was 
longer (18.1 days) for HA-AKI than for CA-AKI patients (12.1 
days, P<0.001). A total of 169 AKI patients (12.5%) under-
went dialysis during hospitalisation, with fewer HA-AKI patients 
receiving dialysis (10.4%) than CA-AKI patients (14.8%) 
(P=0.016). However, mechanical ventilation was performed for 
more HA-AKI (22.5%) than CA-AKI patients (9.0%) (P<0.001). 
There was no significant difference in the occurrence of MODS 
in the elderly with HA-AKI or CA-AKI.

Finally, we analysed the characteristics of 1354 older AKI 
patients by comparing those who died with those who survived 
(table 4). There was no significant difference between the two 
groups regarding gender, hypertension, diabetes, ICU LOS or 
dialysis treatment, but significant differences were found in age, 
CVD, CKD, cancer and MODS, ICU admission and mechan-
ical ventilation. As the number of failed organs increased, the 
mortality rate also increased, with a mortality rate of 100% after 
five organs had failed. A total of 230 (17%) of the 1354 patients 
died, with AKI combined with another failed major organ being 
the most common cause of death (29.6%; 68/230); 41.6% of the 
elderly AKI patients who died had stage 1 disease, while 36.1% 
had stage 3.

Risk factors for death from AKI in the elderly
First, we screened out eight factors that might be associated 
with death from AKI in the elderly using univariable logistic 
regression analysis (table 5), and then identified the indepen-
dent mortality risk factors using multivariable logistic regres-
sion analysis. Age (OR 1.041; 95% CI 1.023 to 1.059), CVD 
(OR 1.98; 95% CI 1.402 to 2.797), cancer (OR 2.302; 95% 
CI 1.654 to 3.203), MODS (OR 3.023; 95% CI 1.627 to 
5.620) and mechanical ventilation (OR 2.408; 95% CI 1.187 
to 4.887) were independent risk factors for mortality from AKI 
in the elderly. HA-AKI or CA-AKI, admission to the ICU ward, 
and pre-existing CKD were not independent risk factors for 
mortality.

Figure 1  Screening of AKI patients. AKI, acute kidney injury; CKD, 
chronic kidney disease.

Table 1  Detection of and rate of death from acute kidney injury 
(AKI)

Total Elderly patients Younger patients P value

In-hospital patients 
(n)

621 457 308 982 312 475

Two or more serum 
creatinine assays (n)

181 000 
(29.1%)

94 757 (30.7%) 86 243 (27.6%) <0.001

AKI patients (n) 2814 1525 1289

AKI detection rate 1.55% 1.61% 1.49% 0.045

Deaths from AKI (n) 386 255 131

AKI mortality rate 13.7% 16.7% 10.2% <0.001
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Discussion
AKI in the elderly population is a common and devastating 
problem in clinical practice. Despite 'elderly' being a frequently 
used term in the medical literature, various ages, ranging from 
≥60 years to ≥80 years are used when referring to these 
patients.11 12 In this study, we defined patients ≥60 years of age 
as being elderly.

Age was confirmed as an independent predictor of death from 
AKI in the elderly. Ageing is associated with concurrent disease 

in other organ systems, which may influence AKI outcome. 
Comorbidity such as diabetes and hypertension may increase 
AKI morbidity but was not an independent risk factor for 
mortality.13 14 Ali et al showed a significant increase in mortality 
risk with age and comorbidities.15 We also found that cardiovas-
cular disease and cancer were independent risk factors for death. 
Recently, a growing number of research studies have suggested 
that AKI and CKD are not distinct entities but rather are closely 
interconnected — they influence each other and are risk factors 
for cardiovascular events, end-stage renal disease (ESRD) and 
even death.16 17 However, we found no association between 
CKD and AKI mortality in this study. Meier et al showed that 
non-critical AKI patients with pre-existing CKD had an 18% 
higher odds of death than non-CKD patients.18 Recently, Han 
et al found an gradedindependent association between a base-
line eGFR below 60 mL/min per 1.73 m2 and HA-AKI in-hos-
pital mortality.19 The discrepancy observed in our study may be 
attributed to the inclusion of CA-AKI and critical AKI patients. 
Furthermore, various confounders may make it difficult to iden-
tify CKD as an independent risk factor, which may even become 
a protective factor.20 This requires further verification.

The study showed that pre-renal AKI was the major cause of 
AKI in the elderly. Nash et al conducted a large prospective study 
and found that the most common cause of AKI in hospitalised 

Table 2  General characteristics of AKI patients

Total (n=2814) Elderly patients (n=1525) Younger patients (n=1289) P value

Age (years)  � � �    60.1±17.4  � � �    73.3±8.16  �  44.34±11.4 <0.001

Sex 0.018

 � Male 1803 (64.1%) 947 (62.1%) 856 (66.4%)

 � Female 1011 (35.9%) 578 (37.9%) 433 (33.6%)

ICU admission 585 (20.8%) 337 (22.1%) 248 (19.2%) 0.063

ICU LOS (days) 3.2 (0–87) 3.8 (0–87) 2.7 (0–49) 0.019

LOS (days) 13.2 (6.8–24.6) 14.0 (7.14–24.9) 13.6 (6.7–25.6) 0.698

Total cost (¥) 22 342 (11 134–49 811) 22 478 (11 340–50 802) 21 253 (11 110–44 222) 0.906

Daily cost (¥) 1888.7 (1050.9–3677.8) 1796.2 (1008.4–3793.8) 1681.1 (1005.6–3073.4) 0.300

Comorbidity

 � Hypertension 1076 (38.2%) 674 (44.2%) 402 (31.2%) <0.001

 � Diabetes 318 (11.3%) 188 (12.3%) 130 (10.1%) 0.061

 � CVD 304 (10.8%) 245 (16.1%) 59 (4.6%) <0.001

 � CKD 254 (10.4%) 128 (9.5%) 126 (11.5%) 0.093

 � Cancer 514 (18.3%) 284 (18.6%) 230 (17.8%) 0.594

MODS 537 (19.1%) 319 (20.9%) 218 (16.9%) <0.001

Renal biopsy 108 (3.8%) 16 (1.0%) 92 (7.13%) <0.001

Dialysis 393 (14.0%) 146 (9.6%) 247 (19.2%) <0.001

MV 97 (3.4%) 56 (3.7%) 41 (3.2%) 0.477

Causes

 � Pre-renal 1399 (49.7%) 816 (53.5%) 583 (45.2%) <0.001

 � Renal 960 (34.1%) 465 (30.5%) 495 (38.4%)

 � Post-renal 327 (11.6%) 195 (12.8%) 132 (10.2%)

Unclassified 128 (4.55%) 49 (3.2%) 79 (6.1%)

AKI classification

 � HA-AKI 1524 (54.2%) 920 (60.3%) 604 (46.9%) 0.007

 � CA-AKI 1290 (45.8%) 605 (39.7%) 685 (53.1%)

AKI stage

1 825 (29.3%) 501 (32.9%) 324 (25.1%) <0.001

2 820 (29.1%) 460 (30.2%) 360 (27.9%)

3 1169 (41.5%) 564 (37.0%) 605 (46.9%)

AKI, acute kidney injury; CA-AKI, community-acquired AKI; CKD, chronic kidney disease; CVD, cardiovascular  disease; HA-AKI, hospital-acquired AKI; LOS, length of stay; MODS, 
multiple organ dysfunction syndrome; MV, mechanical ventilation.

Table 3  Comparison of HA-AKI with CA-AKI in the elderly

Outcome Total (n=1354) HA-AKI (n=710) CA-AKI (n=644) P value

LOS (days) 13.9 (7.1–24.9) 18.1 (10.3–31.2) 12.1 (6.9–19.6) <0.001

MODS, n 281 (20.8%) 135 (19.0%) 146 (22.7%) 0.098

Dialysis, n 169 (12.5%) 74 (10.4%) 95 (14.8) 0.016

MV, n 218 (16.1%) 160 (22.5%) 58 (9.0%) <0.001

In-hospital 
deaths, n 

255 (18.8%) 148 (20.8%) 107 (16.6%) 0.047

Data are the median (IQR, 25th–75th percentiles) and number (percent of group) of 
patients in each group.
AKI, acute kidney injury; CA-AKI , community-acquired AKI; HA-AKI, hospital-
acquired AKI; LOS, length of stay; MODS, multiple organ dysfunction syndrome; MV, 
mechanical ventilation.
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elderly patients was decreased renal perfusion caused by volume 
depletion, hypotension and/or congestive heart failure.21 Suscep-
tibility to pre-renal AKI in the elderly may be associated with 
typical age-associated structural and functional changes.22 As 
dehydration is a major health risk for the elderly, involving 
decreased feelings of thirst and reduced function,23 24 it is crucial 
to highlight the importance of rehydration as the first thera-
peutic approach, with timely recognition and management being 
important.

We also demonstrated differences between CA-AKI and 
HA-AKI in the elderly. Consistent with previous reports,1 
patients with CA-AKI had shorter LOS than HA-AKI patients. 
The mortality rate was higher in patients with HA-AKI than in 
patients with CA-AKI, but HA-AKI patients required much less 
dialysis than CA-AKI patients, which may be due to the causes of 
AKI and the indications for dialysis.

Previous studies showed that MODS was associated with a 
higher mortality rate in critical AKI patients, ranging from 37% 
in the PICARD study25 to 60.3% in the BEST kidney study.26 
Kohli et al suggested that the failure of two or more organs was an 
independent predictor of AKI mortality in elderly patients.27 The 
number of failed organs, the degree of individual organ dysfunc-
tion, and the extent of dysfunction of each organ system contribute 
to increasing mortality.28–30 Accordingly, we collected data on the 
occurrence of MODS during AKI and the number of failed organs, 
and found that results were consistent with previous findings: the 
mortality rate in the elderly with AKI increased as the number of 
failed organs increased. Therefore, to improve the poor prognosis 
of AKI in the elderly, especially with critical AKI, treatment of 
AKI and preventive measures focusing on other important organs 
should be performed in a timely manner.

This study has some limitations. First, it was a retrospec-
tive cohort study with a cross-sectional survey design, where 
elderly patients with AKI were compared with younger patients. 
However, It would have been better to compare the elderly 
patients with AKI with a group of elderly patients without AKI, 
and to confirm the results in a larger prospective cohort. Second, 
as the study data were collected from 15 tertiary hospitals, the 
clinical features and risk factors for AKI found in the study may 
differ from those in patients in lower-level hospitals.

In conclusion, the most common types of AKI in the elderly in 
China were pre-renal AKI and HA-AKI. An increasing number of 
failed organs increased the mortality rate of AKI in the elderly. Age, 
cardiovascular disease, cancer, MODS and mechanical ventilation 
were independent risk factors for death due to AKI in the elderly.
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Table 4  Comparison of elderly patients with AKI who died and who 
survived

Elderly AKI 
(n=1354)

Patients who 
died (n=255)

Patients who 
survived 
(n=1099) P value

Age 73.46±8.17 75.65±8.41 72.84±8.04 <0.001

Gender 0.816

 � Male 841 (62.1%) 160 (62.7%) 681 (62%)

 � Female 513 (37.9%) 95 (37.3%) 418 (38%)

Hypertension 618 (45.6%) 121 (47.5%) 497 (45.2%) 0.290

 � CVD 227 (16.8%) 61 (23.9%) 166 (15.1%) 0.001

 � DM 169 (12.5%) 29 (11.4%) 140 (12.7%) 0.611

 � CKD 128 (9.5%) 15 (5.9%) 113 (10.3%) 0.031

 � Cancer 218 (16.1%) 69 (27.1%) 149 (13.6%) <0.001

 � MODS 281 (20.8%) 99 (38.8%) 182 (16.6%) <0.001

Number of failed organs <0.001

2 230 (17.0%) 68 (29.6%) 162 (70.4%)

3 38 (2.8%) 20 (52.6%) 18 (47.4%)

4 8 (0.6%) 6 (75.0%) 2 (25.0%)

5 5 (0.4%) 5 (100%) 0

ICU admission 337 (24.9%) 73 (28.6%) 264 (20.8%) 0.006

 � ICU LOS 2.89 (0–87) 3.16 (0–67) 2.75 (0–87) 0.095

 � Dialysis 138 (10.2%) 18 (7.1%) 120 (10.9%) 0.066

 � �  MV 43 (3.2%) 21 (8.2%) 22 (2.0%) 0.001

 � AKI stage 0.001

 �  1 434 (32.1%) 106 (24.4%) 328 (75.6%)

 �  2 416 (30.7%) 57 (13.7%) 359 (86.3%)

 �  3 504 (37.2%) 92 (18.3%) 412 (81.7%)

AKI classification 0.047

 � CA-AKI 644 (47.6%) 107 (16.6%) 537 (83.4%)

 � HA-AKI 710 (52.4%) 148 (20.8%) 562 (79.2%)

AKI, acute kidney injury; CA-AKI, community–acquired AKI; CKD, chronic  kidney 
disease; CVD, cardiovascular disease; DM, diabetes; HA-AKI, hospital-acquired 
AKI; LOS, length of stay; MODS, multiple organ dysfunction syndrome; MV, 
mechanical ventilation. 

Table 5  Risk factors for death from AKI in the elderly

Variable β value OR (95% CI) P value

Age 0.040 1.041 (1.023 to 1.059) <0.001

HA-AKI or CA-AKI 0.230 1.258 (0.934 to 1.695) 0.131

CKD −0.388 0.678 (0.377 to 1.219) 0.194

Cancer 0.834 2.302 (1.654 to 3.203) <0.001

CVD 0.683 1.98 (1.402 to 2.797) <0.001

ICU admission 0.228 1.256 (0.901 to 1.751) 0.179

MODS 1.106 3.023 (1.627 to 5.620) <0.001

Mechanical ventilation 0.879 2.408 (1.187 to 4.887) 0.015

AKI, acute  kidney injury; CA-AKI, community-acquired AKI; CKD, chronic kidney 
disease; CVD, cardiovascular disease; HA-AKI, hospital-acquired AKI; MODS, multiple 
organ dysfunction syndrome.

Main messages

►► This study analysed representative, multicentre data.
►► The characteristics of acute kidney injury (AKI) in the elderly 
were examined.

►► Age, cardiovascular disease, cancer, multiple organ 
dysfunction syndrome and mechanical ventilation were 
independent risk factors for death due to AKI in the elderly.

Current research questions

►► The clinical characteristics of elderly patients without acute 
kidney injury (AKI) should be compared with those of elderly 
AKI patients of the same age and with the same length of 
hospital stay.

►► Frailty and nutritional status may affect AKI mortality in the 
elderly, which should therefore be adjusted for in estimating 
risk factors.

►► Epidemiological studies of AKI in the elderly in China are still 
rare despite the ageing population.
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