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Abstract
Background Few epidemiologic studies on acute kidney injury (AKI) have focused on the older adult population. This study 
aimed to clarify the characteristics and risk factors for AKI in this population.
Methods This retrospective observational study was performed with the clinical data of all outpatients and inpatients aged ≥ 
65 years at the time of enrolment at Kochi Medical School Hospital between 1 January 1981 and 31 December 2021. The 
primary cohort was divided into those aged 65–74 and ≥ 75 years. The primary outcome was the occurrence of AKI.
Results Of 83,822 patients, 38,333 were included in the 65–74-year-old group, whereas 45,489 were included in 
the ≥ 75-year-old group. Prevalences of the first AKI event in the 65–74-year-old and ≥ 75-year-old groups were 11.9% and 
12.4%, respectively. Overall, lower estimated glomerular filtration rate, lower albumin level, lower or higher level of serum 
uric acid, and histories of diabetes mellitus, chronic heart failure, ischaemic heart disease, non-ischaemic heart disease, 
cerebrovascular disease, cancer, and liver disease were independent risk factors for an AKI event. The risk factors for AKI 
unique to each cohort were using non-steroidal anti-inflammatory drugs (NSAIDs) and loop diuretics (L-DI), and histories 
of hypertension (HT) and vascular diseases (VD) in men aged 65–74 years; using NSAIDs, angiotensin-converting enzyme 
inhibitors (ACEIs), L-DI and other diuretics (O-DI), and histories of HT and VD in men aged ≥ 75 years; using NSAIDs and 
O-DI and not using angiotensin-receptor blockers (ARBs), and a history of HT in women aged 65–74 years; and use of L-DI 
and a history of VD in women aged ≥ 75 years. Presence of proteinuria was a risk factor for developing AKI.
Conclusions Many AKI risk factors reported thus far are associated with AKI development. However, there are differences 
in the effects of the renin-angiotensin system inhibitors, ACEIs, and ARBs (ARBs may be protective). Additionally, the 
U-shaped relationship between AKI onset and uric acid levels differs between sexes in the elderly population, similar to 
other age groups, but this sex difference disappears in the very elderly population. Pre-existing chronic kidney disease is a 
risk factor for the development of AKI.
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Introduction

Acute kidney injury (AKI) is a heterogeneous group of seri-
ous conditions characterised by a rapid decrease in the glo-
merular filtration rate (GFR) and/or renal output [1, 2]. AKI 
affects approximately 10–15% of adults admitted to hospital 
[1, 2] and is associated with high morbidity, mortality, and 
health care costs [3]. The diagnostic and staging criteria for 
AKI were first standardised in 2004, and our understanding 
of the epidemiology of AKI has since improved [2, 4, 5]. 
Despite this progress, AKI continues to be associated with 
high morbidity and mortality independent of other severe 
conditions. Since there is currently no treatment for AKI, it 
is important to identify exposure and susceptibility factors 
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[1, 2]. When identified, prevention or modification of the 
respective risk factors may reduce the AKI rate and severity, 
as recently demonstrated [1, 2].

Older age has been associated with particularly high 
AKI rates and has been identified as an independent risk 
factor for AKI [2, 6–8]. The decreased ability to compen-
sate for renal insults and increased GFR reduction may 
cause excessive vulnerability to AKI in older persons [8, 
9]. Furthermore, AKI increases the rates of chronic kidney 
disease (CKD) and mortality, especially in this age group 
[7–9]. However, the age cut-off for “elderly” has conven-
tionally been deemed ≥ 65 years [10]. Therefore, the current 
data are limited, as participants are usually categorised as 
elderly persons in a single age group ≥ 65 years. Worldwide, 
increased life expectancy has resulted in a continuous, dis-
proportionate and rapid growth in the population of indi-
viduals aged ≥ 75 years. Presently, people aged ≥ 75 years 
are considered very elderly. Additionally, most existing 
studies on AKI involving very elderly persons are small, 
and few studies have applied the current definitions of AKI 
and reported risk factors and outcomes. The epidemiology 

of AKI in the population aged ≥ 75 years is of particular 
interest, as interventions in this age group may be the most 
rewarding for the prevention of AKI.

This study aimed to clarify the characteristics and risk 
factors for AKI in the elderly population, with the purpose 
of determining whether there is a difference between the 
population aged 65–74 years and that aged ≥ 75 years.

Materials and methods

Ethics statements

All procedures were performed in accordance with the ethi-
cal standards of the institutional and/or national research 
committee at which the studies were conducted (institutional 
review board approval number: 23–15) and with the 1964 
Helsinki Declaration and its later amendments or compara-
ble ethical standards. Informed consent to record and analyse 
data for research purposes was obtained from all study par-
ticipants. Data were obtained from patients who completed 

Fig. 1  Flowchart of the study cohort. AKI acute kidney injury, Alb serum albumin, eGFR estimated glomerular filtration rate, SCr serum creati-
nine, SUA serum uric acid
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a general consent form based on the opt-out policy of Kochi 
Medical School Hospital.

Study design and population

We conducted a retrospective review of data from the 
Retrieval system for Open Medical Analysis (RYOMA 2) 
data warehouse at Kochi Medical School Hospital, a 600-
bed tertiary care and academic hospital in Kochi Prefec-
ture (western Japan) [11–13]. All outpatients and inpatients 
aged ≥ 65 years at the time of enrolment at our hospital 
between 1 January 1981 and 31 December 2021 were eval-
uated for eligibility. The estimated glomerular filtration 
rates (eGFRs) were calculated on the basis of the patients’ 

serum creatinine (SCr) data using the Japanese equation for 
eGFR [14]. The inclusion criteria were as follows: eGFR 
of ≥ 30  mL/min/1.73  m2 calculated on the basis of the 
SCr level and measured up to 1 year before the enrolment 
date, and SCr level measured at least twice within 2 years 
from the enrolment date. We excluded patients who were 
aged < 65 years, who had not undergone SCr level meas-
urement or had undergone it only once after the enrolment 
date, who had an eGFR of < 30 mL/min/1.73  m2 or received 
maintenance dialysis, and for whom accurate data on death 
outcomes were unavailable. In Cohort 1, we also excluded 
patients who had an eGFR of > 160 mL/min/1.73  m2 because 
a histogram plot of eGFR levels indicated that the majority 
of patients in our study had an eGFR of ≤ 160 mL/min/1.73 

Table 1  Characteristics of 
Cohort 1

AKI acute kidney injury, eGFR estimated glomerular filtration rate, Alb serum albumin, SUA serum uric 
acid, VS vascular surgery, TS thoracic surgery, CS cardiac surgery, NSAIDs non-steroidal anti-inflamma-
tory drugs, CA contrast agent, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor 
blocker, ACD anticancer drugs, L-DI loop diuretics, T-DI thiazide diuretics, O-DI other diuretics, DM dia-
betes mellitus, HT hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD ischaemic heart dis-
ease, non-IHD non-ischaemic heart disease, CVD cerebrovascular disease, VD other vascular disease

65–74 years  ≥ 75 years

AKI Non-AKI p-value AKI Non-AKI p-value
n 1742 12,756 2605 17,618
Male sex 1125 (64.6%) 7375 (57.8%)  < 0.001 1577 (60.5%) 8961 (50.9%)  < 0.001
Age, years 69 (72–67) 69 (71–66)  < 0.001 80 (84–77) 79 (83–76)  < 0.001
eGFR 47.4 (71.5–25.4) 72.8 (86.2–58.3)  < 0.001 42.0 (0.8–25.5) 63.0 (77.9–50.1)  < 0.001
Alb 3.0 (3.5–2.5) 3.7 (4.1–3.2)  < 0.001 3.1 (3.6–2.5) 3.6 (3.9–3.1)  < 0.001
SUA 5.7 (7.4–4.1) 4.9 (6.0–3.8)  < 0.001 5.8 (7.4–4.4) 4.9 (6.0–3.8)  < 0.001
VS 47 (2.7%) 87 (0.7%)  < 0.001 142 (5.5%) 148 (0.8%)  < 0.001
TS 12 (0.7%) 253 (2.0%)  < 0.001 39 (1.5%) 255 (1.4%) 0.861
CS 120 (6.9%) 96 (0.8%)  < 0.001 218 (8.4%) 109 (0.6%)  < 0.001
Fluid infusion 1198 (68.8%) 4538 (35.6%)  < 0.001 1719 (66.0%) 6601 (37.5%)  < 0.001
NSAID use 261 (15.0%) 1308 (10.3%)  < 0.001 232 (8.9%) 1627 (9.2%) 0.611
CA 14 (0.8%) 148 (1.2%) 0.223 8 (0.3%) 110 (0.6%) 0.052
ACEI 102 (5.9%) 440 (3.4%)  < 0.001 211 (8.1%) 725 (4.1%)  < 0.001
ARB 139 (8.0%) 782 (6.1%) 0.004 357 (13.7%) 1430 (8.1%)  < 0.001
Antibiotic use 188 (10.8%) 940 (7.4%)  < 0.001 241 (9.3%) 1404 (8.0%) 0.029
ACD 110 (6.3%) 807 (6.3%) 1.000 84 (3.2%) 791 (4.5%) 0.003
L-DI 358 (20.6%) 687 (5.4%)  < 0.001 695 (26.7%) 1370 (7.8%)  < 0.001
T-DI 32 (1.8%) 127 (1.0%) 0.003 72 (2.8%) 199 (1.1%)  < 0.001
O-DI 216 (12.4%) 493 (3.9%)  < 0.001 320 (12.3%) 679 (3.9%)  < 0.001
DM 732 (42.0%) 3218 (25.2%)  < 0.001 1052 (40.4%) 4405 (25.0%)  < 0.001
HT 955 (54.8%) 4638 (36.4%)  < 0.001 1739 (66.8%) 8328 (47.3%)  < 0.001
HL 288 (16.5%) 1314 (10.3%)  < 0.001 580 (22.3%) 2492 (14.1%)  < 0.001
CHF 558 (32.0%) 1570 (12.3%)  < 0.001 1294 (49.7%) 3414 (19.4%)  < 0.001
IHD 523 (30.0%) 1901 (14.9%)  < 0.001 1077 (41.3%) 3867 (21.9%)  < 0.001
Non-IHD 595 (34.2%) 2229 (17.5%)  < 0.001 1282 (49.2%) 4418 (25.1%)  < 0.001
CVD 425 (24.4%) 1937 (15.2%)  < 0.001 879 (33.7%) 3808 (21.6%)  < 0.001
VD 291 (16.7%) 997 (7.8%)  < 0.001 707 (27.1%) 1997 (11.3%)  < 0.001
Cancer 1023 (58.7%) 6104 (47.9%)  < 0.001 1325 (50.9%) 8466 (48.1%) 0.008
Liver disease 544 (31.2%) 1809 (14.2%)  < 0.001 643 (24.7%) 2382 (13.5%)  < 0.001
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 m2 (Supplementary Fig. 1). In Cohort 2, to evaluate the 
influence of pre-existing CKD with proteinuria on the devel-
opment of AKI, we extracted patients from Cohort 1 who 
had a urine test result for proteinuria.

Outcomes

The primary outcome was the occurrence of AKI. The 
groups were divided according to the events that met the 
inclusion criteria. Because urine output data were not avail-
able, we defined and staged AKI according to the Kidney 
Disease: Improving Global Outcomes SCr-based criteria 
as follows: increase in SCr by ≥ 0.3 mg/dL (≥ 26.5 μmol/L) 
within 48 h or increase in SCr to ≥ 1.5 times baseline, which 
is known or presumed to have occurred within the previous 
7 days [2]. All available SCr values obtained from blood 
tests were used to define AKI.

Data collection and covariates

Data were collected retrospectively. All data were 
obtained from electronic medical records. Trained doc-
tors and research nurses completed the data input. They 
were unaware of the study and did not participate in the 
patient management or care. The following variables 
were considered as covariates: sex; eGFR; serum albu-
min (Alb); serum uric acid (SUA); presence of proteinuria 
(U-Prot), coded as ( −), ( ±), (1 +), (2 +), and (≥ 3 +); use 
of fluid infusion, non-steroidal anti-inflammatory drugs 
(NSAIDs), contrast agents (CAs), angiotensin-converting 
enzyme inhibitors (ACEIs), angiotensin-receptor blockers 
(ARBs), antibiotics, anticancer drugs (ACDs), loop diuret-
ics (L-DI), thiazide diuretics (T-DI), and other diuretics 
(O-DI); and history of diabetes mellitus (DM), hyperten-
sion (HT), hyperlipidaemia (HL), chronic heart failure 

Fig. 2  Risk of AKI in men aged 65–74  years in Cohort 1. The pri-
mary endpoint was AKI occurrence, which was quantified as the ratio 
of the serum creatinine level during the follow-up period to the base-
line serum creatinine level at enrolment. The analysis was conducted 
using age, eGFR, Alb level, SUA level, use of drugs, and presence 
of comorbid diseases as covariates. The reference values for age, 
eGFR, Alb level, and SUA level were < 65 years, G3a, > 3.0 g/dL, and 
5–6  mg/dL, respectively. AKI acute kidney injury, eGFR estimated 
glomerular filtration rate, Alb serum albumin, SUA serum uric acid, 

NSAIDs non-steroidal anti-inflammatory drugs, CA contrast agent, 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-
receptor blocker, ACD anticancer drugs, L-DI loop diuretics, T-DI 
thiazide diuretics, O-DI other diuretics, DM diabetes mellitus, HT 
hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD 
ischaemic heart disease, non-IHD non-ischaemic heart disease, CVD 
cerebrovascular disease, VD other vascular disease, OR odds ratio, 
95% CI 95% confidence interval
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(CHF), ischaemic heart disease (IHD), non-ischaemic 
heart disease (non-IHD), cerebrovascular disease (CVD), 
other vascular diseases (VDs), cancer, liver disease, car-
diac surgery (CS), thoracic surgery (TS), and vascular 
surgery (VS).

Statistical analysis

We conducted a descriptive analysis of AKI occurrences 
in the 65–74-year-old and ≥ 75-year-old groups. The 
Mann–Whitney U and Fisher’s exact tests were used to 
compare the variables. Logistic regression analysis was 
performed with AKI onset as the objective variable. The 
65–74-year-old and ≥ 75-year-old groups were stratified on 
the basis of sex, and the regression analysis was performed 
on the four groups. Items with fewer than 10 patients were 

excluded from the covariates in the regression analysis. 
The level of significance was set at p = 0.05. All analyses 
were performed using R software (version 4.1.2; R Foun-
dation for Statistical Computing, Vienna, Austria).

Results

A total of 83,822 patients satisfied the inclusion criteria. 
Of these, 38,333 patients did not have SCr data measured 
when they were ≥ 75 years of age (65–74-year-old group), 
whereas 45,489 patients had SCr data measured when 
they were ≥ 75 years of age (≥ 75-year-old group). In the 
65–74-year-old group, 17,402 patients had SCr data meas-
ured twice within 1 week (Fig. 1). Of these patients, 226 
experienced AKI before 65 years of age. Of the remaining 
patients, 2044 (11.9%) had their first AKI event between 
65 and 74 years of age, and 15,132 (88.1%) did not have an 

Fig. 3  Risk of AKI in men aged ≥ 75 years in Cohort 1. The primary 
endpoint was AKI occurrence, which was quantified as the ratio of 
the serum creatinine level during the follow-up period to the base-
line serum creatinine level at enrolment. The analysis was conducted 
using age, eGFR, Alb level, SUA level, use of drugs, and presence 
of comorbid diseases as covariates. The reference values for age, 
eGFR, Alb level, and SUA level were < 65 years, G3a, > 3.0 g/dL, and 
5–6  mg/dL, respectively. AKI acute kidney injury, eGFR estimated 
glomerular filtration rate, Alb serum albumin, SUA serum uric acid, 

NSAIDs non-steroidal anti-inflammatory drugs, ACEI angiotensin-
converting enzyme inhibitor, ARB angiotensin-receptor blocker, ACD 
anticancer drug, L-DI loop diuretics, T-DI thiazide diuretics, O-DI 
other diuretics, DM diabetes mellitus, HT hypertension, HL hyper-
lipidaemia, CHF chronic heart failure, IHD ischaemic heart disease, 
non-IHD non-ischaemic heart disease, CVD cerebrovascular disease, 
VD other vascular disease, OR odds ratio, 95% CI: 95% confidence 
interval
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AKI event. There were 1782 patients with AKI events and 
12,821 patients without AKI events who had measured Alb 
and SUA data. Finally, in Cohort 1, there were 1742 patients 
with AKI events and 12,756 patients without AKI events 
who had an eGFR of ≤ 160 mL/min/1.73  m2. In Cohort 
2, there were 1431 patients with AKI events and 10,930 
patients without AKI events who had a urine test result for 
proteinuria. In patients aged ≥ 75 years, 23,632 had SCr data 
measured twice within 1 week. Of these patients, 470 devel-
oped AKI before 75 years of age. Of the remaining patients, 
2862 (12.4%) had their first AKI event at ≥ 75 years of age, 
and 20,300 (87.6%) did not have an AKI event. There were 
2632 patients with AKI events and 17,668 patients without 
AKI events who had measured Alb and SUA data. Finally, 
in Cohort 1, there were 2605 patients with AKI events and 
17,618 patients without AKI events who had an eGFR 
of ≤ 160 mL/min/1.73  m2. In Cohort 2, there were 2096 

patients with AKI events and 14,912 patients without AKI 
events who had a urine test result for proteinuria.

In the 65–74-year-old group of Cohort 1, the frequen-
cies of men; VS; CS; fluid infusion; use of NSAIDs, ACEIs, 
ARBs, antibiotics, L-DI, T-DI, and O-DI; and histories of 
DM, HT, HL, CHF, IHD, non-IHD, CVD, VD, cancer, 
and liver disease were higher in the AKI group than in the 
non-AKI group (Table 1). The eGFR and Alb levels and 
the frequency of TS were lower and age and the SUA level 
was higher in the AKI group than in the non-AKI group. In 
the ≥ 75-year-old group, although the trends were similar to 
those in the 65–74-year-old group, use of NSAIDs was not 
a risk factor for AKI events and the frequency of TS was not 
statistically different between the AKI and non-AKI groups 
(Table 1).

As shown in Fig. 2, in men aged 65–74 years, the risks 
of developing AKI were lower eGFR, lower Alb level, 
use of NSAIDs and L-DI, and histories of DM, HT, CHF, 

Fig. 4  Risk of AKI in women aged 65–74  years in Cohort 1. The 
primary endpoint was AKI occurrence, which was quantified as the 
ratio of the serum creatinine level during the follow-up period to the 
baseline serum creatinine level at enrolment. The analysis was con-
ducted using age, eGFR, Alb level, SUA level, use of drugs, and pres-
ence of comorbid diseases as covariates. The reference values for age, 
eGFR, Alb level, and SUA level were < 65 years, G3a, > 3.0 g/dL, and 
5–6  mg/dL, respectively. AKI acute kidney injury, eGFR estimated 
glomerular filtration rate, Alb serum albumin, SUA serum uric acid, 

NSAIDs non-steroidal anti-inflammatory drugs, CA contrast agent, 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-
receptor blocker, ACD anticancer drug, L-DI loop diuretics, T-DI 
thiazide diuretics, O-DI other diuretics, DM diabetes mellitus, HT 
hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD 
ischaemic heart disease, non-IHD non-ischaemic heart disease, CVD 
cerebrovascular disease, VD other vascular disease, OR odds ratio, 
95% CI 95% confidence interval
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IHD, non-IHD, CVD, VD, cancer, and liver disease. The 
risk of developing AKI increased when the uric acid lev-
els were < 4 mg/dL (SUA < 2, SUA 2–3, and SUA 3–4) 
and ≥ 7 mg/dL (SUA > 7) compared with the reference of 
5–6 mg/dL.

As shown in Fig. 3, in men aged ≥ 75 years, the risks of 
developing AKI were lower eGFR; lower Alb level; use of 
NSAIDs, ACEIs, L-DI, and O-DI; and histories of DM, HT, 
CHF, IHD, non-IHD, CVD, VD, cancer, and liver disease. 
The risk of developing AKI increased when the uric acid 
levels were < 3 mg/dL (SUA < 2 and SUA 2–3) and ≥ 6 mg/
dL (SUA 6–7 and SUA > 7) compared with the reference of 
5–6 mg/dL.

As shown in Fig. 4, in women aged 65–74 years, the risks 
of developing AKI were lower eGFR, lower Alb level, use 
of NSAIDs and O-DI, not using ARBs, and histories of DM, 
HT, CHF, IHD, non-IHD, CVD, cancer, and liver disease. 
The risk of developing AKI increased when the uric acid 
levels were < 2 mg/dL (SUA < 2), 4–5 mg/dL (SUA 4–5), 

and ≥ 4 mg/dL (SUA 6–7 and SUA > 7) compared with the 
reference of 5–6 mg/dL.

As shown in Fig. 5, in women aged ≥ 75 years, the risks 
of developing AKI were lower eGFR, lower Alb level, use 
of L-DI, and histories of DM, CHF, IHD, non-IHD, CVD, 
VD, cancer, and liver disease. The risk of developing AKI 
increased when the uric acid levels were < 3 mg/dL (SUA < 2 
and SUA 2–3) and ≥ 6 mg/dL (SUA 6–7 and SUA > 7) com-
pared with the reference of 5–6 mg/dL.

Characteristics of Cohort 2 are similar to those of 
Cohort 1, except for use of antibiotics in the ≥ 75-year-
old group (Table 2). In Cohort 2, absence of proteinuria, 
U-Prot (−), was higher in the non-AKI group than in the 
AKI group, whereas presence of proteinuria, U-Prot (1 +), 
(2 +), and (≥ 3 +), was higher in the AKI group than in the 
non-AKI group (Table 2). Although the risks of develop-
ing AKI in Cohort 2 were similar to those in Cohort 1, 
there were some changes over tie. As shown in Fig. 6, in 
men aged 65–74 years, not using ARBs added to the risks 

Fig. 5  Risk of AKI in women aged ≥ 75 years in Cohort 1. The pri-
mary endpoint was AKI occurrence, which was quantified as the ratio 
of the serum creatinine level during the follow-up period to the base-
line serum creatinine level at enrolment. The analysis was conducted 
using age, eGFR, Alb level, SUA level, use of drugs, and presence 
of comorbid diseases as covariates. The reference values for age, 
eGFR, Alb level, and SUA level were < 65 years, G3a, > 3.0 g/dL, and 
5–6  mg/dL, respectively. AKI acute kidney injury, eGFR estimated 
glomerular filtration rate, Alb serum albumin, SUA serum uric acid, 

NSAIDs non-steroidal anti-inflammatory drugs, ACEI angiotensin-
converting enzyme inhibitor, ARB angiotensin-receptor blocker, ACD 
anticancer drug, L-DI loop diuretics, T-DI thiazide diuretics, O-DI 
other diuretics, DM diabetes mellitus, HT hypertension, HL hyper-
lipidaemia, CHF chronic heart failure, IHD ischaemic heart disease, 
non-IHD non-ischaemic heart disease, CVD cerebrovascular disease, 
VD other vascular disease, OR odds ratio, 95% CI 95% confidence 
interval
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of developing AKI in Cohort 2 compared with Cohort 1. 
As shown in Fig. 7, in men aged ≥ 75 years, there was 
no differences in the risks of developing AKI between 
Cohorts 1 and 2. As shown in Fig.  8, in women aged 
65–74 years, not using ARBs added to the risks of devel-
oping AKI in Cohort 2 compared with Cohort 1, while 
a history of HT and uric acid levels of 4–5 mg/dL (SUA 
4–5) were no longer associated with the risk of develop-
ing AKI. As shown in Fig. 9, in women aged ≥ 75 years, 

uric acid levels of 2–3 mg/dL (SUA 2–3) were no longer 
associated with the risk of developing AKI. Of note, when 
comparing proteinuria (−) as a reference in Cohort 2, pro-
teinuria ( ±), (1 +), and (2 +) in men and proteinuria ( ±), 
(1 +), (2 +), and (≥ 3 +) in women were risk factors for 
developing AKI.

Table 2  Characteristics of Cohort 2

AKI acute kidney injury, eGFR estimated glomerular filtration rate, Alb serum albumin, SUA serum uric acid, VS vascular surgery, TS thoracic 
surgery, CS cardiac surgery, NSAIDs non-steroidal anti-inflammatory drugs, CA contrast agent, ACEI angiotensin-converting enzyme inhibitor, 
ARB angiotensin-receptor blocker, ACD anticancer drugs, L-DI loop diuretics, T-DI thiazide diuretics, O-DI other diuretics, DM diabetes melli-
tus, HT hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD ischaemic heart disease, non-IHD non-ischaemic heart disease, CVD 
cerebrovascular disease, VD other vascular disease, U-Prot urine test for proteinuria

65–74 years  ≥ 75 years

AKI Non-AKI p-value AKI Non-AKI p-value
n 1431 10,930 2096 14,912
Male sex 918 (64.2%) 6295 (57.6%)  < 0.001 1260 (60.1%) 7588 (50.9%)  < 0.001
Age, years 69 (72–67) 69 (71–66)  < 0.001 80 (84–77) 79 (83–76)  < 0.001
eGFR 48.4 (72.9–28.5) 72.9 (86.2–58.4)  < 0.001 43.6 (61.8–27.6) 63.0 (77.9–50.0)  < 0.001
Alb 3.0 (3.5–2.5) 3.7 (4.1–3.2)  < 0.001 3.0 (3.6–2.5) 3.6 (4.0–3.1)  < 0.001
SUA 5.7 (7.4–4.1) 4.9 (6.0–3.8)  < 0.001 5.8 (7.4–4.3) 4.9 (6.1–3.8)  < 0.001
VS 33 (2.3%) 70 (0.6%)  < 0.001 99 (4.7%) 109 (0.7%)  < 0.001
TS 10 (0.7%) 225 (2.1%)  < 0.001 31 (1.5%) 228 (1.5%) 0.924
CS 98 (6.8%) 82 (0.8%)  < 0.001 164 (7.8%) 84 (0.6%)  < 0.001
Fluid infusion 970 (67.8%) 3769 (34.5%)  < 0.001 1370 (65.4%) 5461 (36.6%)  < 0.001
NSAID use 231 (16.1%) 1184 (10.8%)  < 0.001 211 (10.1%) 1447 (9.7%) 0.609
CA 14 (1.0%) 137 (1.3%) 0.443 7 (0.3%) 99 (0.7%) 0.075
ACEI 87 (6.1%) 380 (3.5%)  < 0.001 174 (8.3%) 642 (4.3%)  < 0.001
ARB 112 (7.8%) 660 (6.0%) 0.01 294 (14%) 1213 (8.1%)  < 0.001
Antibiotic use 160 (11.2%) 821 (7.5%)  < 0.001 192 (9.2%) 1213 (8.1%) 0.117
ACD 88 (6.1%) 680 (6.2%) 0.954 71 (3.4%) 679 (4.6%) 0.014
L-DI 316 (22.1%) 594 (5.4%)  < 0.001 574 (27.4%) 1148 (7.7%)  < 0.001
T-DI 28 (2%) 109 (1.0%) 0.003 57 (2.7%) 173 (1.2%)  < 0.001
O-DI 182 (12.7%) 429 (3.9%)  < 0.001 260 (12.4%) 584 (3.9%)  < 0.001
DM 600 (41.9%) 2752 (25.2%)  < 0.001 868 (41.4%) 3719 (24.9%)  < 0.001
HT 781 (54.6%) 3989 (36.5%)  < 0.001 1397 (66.7%) 7083 (47.5%)  < 0.001
HL 234 (16.4%) 1116 (10.2%)  < 0.001 468 (22.3%) 2092 (14%)  < 0.001
CHF 453 (31.7%) 1321 (12.1%)  < 0.001 1040 (49.6%) 2847 (19.1%)  < 0.001
IHD 421 (29.4%) 1624 (14.9%)  < 0.001 850 (40.6%) 3300 (22.1%)  < 0.001
Non-IHD 474 (33.1%) 1919 (17.6%)  < 0.001 1017 (48.5%) 3737 (25.1%)  < 0.001
CVD 353 (24.7%) 1626 (14.9%)  < 0.001 711 (33.9%) 3128 (21.0%)  < 0.001
VD 220 (15.4%) 848 (7.8%)  < 0.001 535 (25.5%) 1651 (11.1%)  < 0.001
Cancer 852 (59.5%) 5282 (48.3%)  < 0.001 1092 (52.1%) 7271 (48.8%) 0.004
Liver disease 446 (31.2%) 1524 (13.9%)  < 0.001 517 (24.7%) 1967 (13.2%)  < 0.001
U-Prot result (−) 535 (37.4%) 7538 (69%)  < 0.001 682 (32.5%) 9380 (62.9%)  < 0.001
U-Prot result ( ±) 213 (14.9%) 1534 (14%) 0.408 397 (18.9%) 2390 (16.0%)  < 0.001
U-Prot result (1 +) 377 (26.3%) 1172 (10.7%)  < 0.001 542 (25.9%) 2011 (13.5%)  < 0.001
U-Prot result (2 +) 222 (15.5%) 518 (4.7%)  < 0.001 344 (16.4%) 832 (5.6%)  < 0.001
U-Prot result (3 +) 84 (5.9%) 168 (1.5%)  < 0.001 131 (6.3%) 299 (2.0%)  < 0.001
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Discussion

Our study revealed that lower eGFR, lower Alb level, lower 
or higher levels of SUA, and histories of DM, CHF, IHD, 
non-IHD, CVD, cancer, and liver disease are independent 
risk factors for AKI events in all cohorts aged ≥ 65 years. 
The risk factors for AKI unique to each cohort were as fol-
lows: use of NSAIDs and L-DI, and histories of HT and VD 
in men aged 65–74 years; use of NSAIDs, ACEIs, L-DI, and 
O-DI, and histories of HT and VD in men aged ≥ 75 years; 
use of NSAIDs and O-DI, not using ARBs, and a history of 
HT in women aged 65–74 years; and use of L-DI, and a his-
tory of VD in women aged ≥ 75 years. Contrary to expecta-
tions, the use of CAs, ARBs, ACDs, and T-DI, and a history 
of HL were not risk factors for AKI events in any cohort.

AKI is more common in older individuals than in younger 
individuals [15, 16], and many studies have demonstrated 

a clear relationship between AKI and older age [6, 16]. 
Elderly patients with pre-existing AKI are at the highest risk 
of end-stage renal disease and death [7, 17]. AKI events 
in elderly and very elderly patients are a critical problem 
for short- and long-term outcomes compared with those 
in younger patients. In our study, the prevalences of AKI 
events in elderly and very elderly patients were 11.9% and 
12.4%, respectively. These results show that more than 10% 
of patients aged 65 years or older had AKI, and in very 
elderly patients aged 75 years or older, AKI occurred even 
more frequently than in those aged 65–74 years. An age-
dependent relationship for AKI was observed in both the 
elderly and very elderly patients in our study.

The higher incidence of AKI in elderly persons can be 
attributed to the age-dependent structural and functional 
alterations of the kidney over time and the comorbidities 
that accumulate with age [6, 15, 16]. The results of the 

Fig. 6  Risk of AKI in men aged 65–74  years in Cohort 2. The pri-
mary endpoint was AKI occurrence, which was quantified as the 
ratio of the serum creatinine level during the follow-up period to the 
baseline serum creatinine level at enrolment. The analysis was con-
ducted using age, eGFR, Alb level, SUA level, U-Prot, use of drugs, 
and presence of comorbid diseases as covariates. The reference val-
ues for age, eGFR, Alb level, SUA level, and U-Prot were < 65 years, 
G3a, > 3.0 g/dL, 5–6 mg/dL, and (−), respectively. AKI acute kidney 
injury, eGFR estimated glomerular filtration rate, Alb serum albumin, 

SUA serum uric acid, NSAIDs non-steroidal anti-inflammatory drugs, 
CA contrast agent, ACEI angiotensin-converting enzyme inhibitor, 
ARB angiotensin-receptor blocker, ACD anticancer drugs, L-DI loop 
diuretics, T-DI thiazide diuretics, O-DI other diuretics, DM diabetes 
mellitus, HT hypertension, HL hyperlipidaemia, CHF chronic heart 
failure, IHD ischaemic heart disease, non-IHD non-ischaemic heart 
disease, CVD cerebrovascular disease, VD other vascular disease, 
U-Prot proteinuria, OR odds ratio, 95% CI 95% confidence interval
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age-dependent structural and functional alterations of the 
kidney are a reduced GFR at baseline and a diminished kid-
ney reserve in the setting of pathophysiological challenges, 
making elderly patients highly vulnerable to acute stress and 
more likely to develop clinically relevant AKI. Additionally, 
elderly individuals are also more likely to suffer from CKD, 
congestive heart failure, HT, renovascular disease, and dia-
betes, and are more likely to undergo surgery (especially CS 
and VS). Combined with these conditions and risks, elderly 
patients are more likely to be exposed to nephrotoxic CAs 
(during cardiac or vascular arteriography), ACEIs or ARBs, 
and NSAIDs for osteoarthritis [10]. The combination of 
changes in the ageing kidney, abnormalities in other organ 
systems, and exposure to various pharmaceutical agents 
make elderly individuals more susceptible to AKI [10]. Our 
study showed that use of NSAIDs is a risk factor for AKI 
in elderly and very elderly patients, as reported previously 

[10]. Furthermore, our study also revealed that use of L-DI 
but not T-DI is a risk factor for AKI in elderly and very 
elderly patients. However, our study showed that, although 
use of ACEIs is a risk for AKI in men aged ≥ 75 years and 
tends to be a risk for AKI even in women aged ≥ 75 years, 
unexpectedly, use of ARBs is not a risk for AKI events in 
all cohorts aged ≥ 65 years protects against AKI in women 
aged 65–74 years, and tends to be protective even in men 
aged 65–74 years.

AKI is highly frequent in patients aged ≥ 75 years, which 
is the age group with the most rapid growth worldwide, i.e. 
the so-called “very elderly” population [18]. In the elderly 
population, reduced renal function at baseline and CKD were 
consistently and strongly associated with the development of 
AKI, followed by HT and CHF [18]. Renin-angiotensin sys-
tem (RAS) inhibitors are used as therapies for HT or CHF. 
Notably, RAS inhibitors may protect elderly individuals from 

Fig. 7  Risk of AKI in men aged ≥ 75 years in Cohort 2. The primary 
endpoint was AKI occurrence, which was quantified as the ratio of 
the serum creatinine level during the follow-up period to the base-
line serum creatinine level at enrolment. The analysis was conducted 
using age, eGFR, Alb level, SUA level, U-Prot, use of drugs, and 
presence of comorbid diseases as covariates. The reference values 
for age, eGFR, Alb level, SUA level, and U-Prot were < 65  years, 
G3a, > 3.0 g/dL, 5–6 mg/dL, and (−), respectively. AKI acute kidney 
injury, eGFR estimated glomerular filtration rate, Alb serum albumin, 

SUA serum uric acid, NSAIDs non-steroidal anti-inflammatory drugs, 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-
receptor blocker, ACD anticancer drug, L-DI loop diuretics, T-DI 
thiazide diuretics, O-DI other diuretics, DM diabetes mellitus, HT 
hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD 
ischaemic heart disease, non-IHD non-ischaemic heart disease, CVD 
cerebrovascular disease, VD other vascular disease, U-Prot proteinu-
ria, OR odds ratio, 95% CI 95% confidence interval
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AKI [18]. A previous study showed that NSAID use was the 
only exposure associated with AKI development in the very 
elderly population [18]. Many studies have shown that age-
related and pathologically decreased renal function and HT 
may be the most important risk factors for AKI development, 
which is consistent with previous data and current concepts 
of susceptibility to AKI in older persons [8, 9, 19]. CHF has 
the strongest association with AKI [18]. This underscores 
the importance of heart failure as a risk factor for the devel-
opment of AKI [2, 20, 21]. These findings may be of clinical 
relevance, as adequate treatment for CHF, CKD, and HT, 
and treatment with RAS inhibitors, when indicated for other 
diseases, could prevent AKI in older persons. As a strong 
and consistent finding, previous investigators have suggested 
that RAS inhibitors could potentially protect against AKI 
in individuals aged ≥ 75 years [18]. Although experimental 
data indicate activation of RAS during ischaemic AKI and 

mitigation of AKI by RAS inhibitors, there are also concerns 
about hypotension or vasoplegia caused by RAS inhibitors, 
which may aggravate AKI [22–24]. Most clinical studies and 
meta-analyses are consistent with our data showing that the 
use of RAS inhibitors is associated with less frequent AKI; 
however, other studies have demonstrated no association 
between these parameters or even an adverse effect on AKI 
[24–29]. Therefore, the prevention of AKI using RAS inhibi-
tors remains controversial. Our study showed that the effects 
of RAS inhibitors on the onset of AKI differed depending 
on age and sex; the impression was that ACEIs are a risk for 
AKI, especially in very elderly individuals and that ARBs 
protect against AKI, especially in elderly individuals. These 
results may be due to differences in the mechanisms of 
action on the RAS between ACEIs and ARBs, but further 
research is required.

Fig. 8  Risk of AKI in women aged 65–74  years in Cohort 2. The 
primary endpoint was AKI occurrence, which was quantified as the 
ratio of the serum creatinine level during the follow-up period to the 
baseline serum creatinine level at enrolment. The analysis was con-
ducted using age, eGFR, Alb level, SUA level, U-Prot, use of drugs, 
and presence of comorbid diseases as covariates. The reference val-
ues for age, eGFR, Alb level, SUA level, and U-Prot were < 65 years, 
G3a, > 3.0 g/dL, 5–6 mg/dL, and (−), respectively. AKI acute kidney 
injury, eGFR estimated glomerular filtration rate, Alb serum albumin, 

SUA serum uric acid, NSAIDs non-steroidal anti-inflammatory drugs, 
CA contrast agent, ACEI angiotensin-converting enzyme inhibitor, 
ARB angiotensin-receptor blocker, ACD anticancer drug, L-DI loop 
diuretics, T-DI thiazide diuretics, O-DI other diuretics, DM diabetes 
mellitus, HT hypertension, HL hyperlipidaemia, CHF chronic heart 
failure, IHD ischaemic heart disease, non-IHD non-ischaemic heart 
disease, CVD cerebrovascular disease, VD other vascular disease, 
U-Prot proteinuria, OR odds ratio, 95% CI 95% confidence interval
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In our previous study, we had observed a U-shaped rela-
tionship between SUA levels and odds ratios (ORs) of AKI 
risk in the population aged 18 years and older; that is, ORs 
were higher in both high- and low-SUA strata [30]. Further-
more, our previous study had shown that using the stratum 
with an SUA level of 3.5–4.0 mg/dL for women as the refer-
ence, statistical significance was found at SUA levels > 6.0 
or ≤ 3.0 mg/dL, and that using the stratum with an SUA 
level of 5.5–6.0 mg/dL for men as the reference, statistical 
significance was found at SUA levels > 6.5 or ≤ 4.5 mg/dL 
[30]. The present study shows that a U-shaped relationship 
was also observed between SUA levels and ORs of AKI risk 
in elderly and very elderly patients. Furthermore, using the 
stratum with an SUA level of 5.0–6.0 mg/dL for both women 
and men as the reference, among elderly patients, a signifi-
cant difference was observed in the OR of AKI depending on 
SUA level in men when the SUA level was ≤ 4 or > 7 mg/dL, 

and a significant difference was observed in women when 
the SUA level was ≤ 2 or > 4 mg/dL. However, in the very 
elderly group, there was a significant difference in the OR 
of AKI depending on SUA level in both men and women 
when the SUA level was ≤ 3 or > 6 mg/dL. In other words, 
this study reveals that the same sex-related differences in 
AKI risk depending on SUA level as in our previous study 
were observed in the elderly patients but not in the very 
elderly patients.

This study also demonstrated that pre-existing CKD sig-
nificantly increases the incidence of AKI in both elderly and 
very elderly patients. We showed that the eGFR at entry 
was significantly lower in patients who developed AKI than 
in those who did not. Furthermore, our study revealed that 
patients with proteinuria have a high risk of developing AKI, 
and that the risk of developing AKI tends to increase as the 
level of proteinuria increases. Therefore, our study has been 

Fig. 9  Risk of AKI in women aged ≥ 75 years in Cohort 2. The pri-
mary endpoint was AKI occurrence, which was quantified as the 
ratio of the serum creatinine level during the follow-up period to the 
baseline serum creatinine level at enrolment. The analysis was con-
ducted using age, eGFR, Alb level, SUA level, U-Prot, use of drugs, 
and presence of comorbid diseases as covariates. The reference val-
ues for age, eGFR, Alb level, SUA level and U-Prot were < 65 years, 
G3a, > 3.0 g/dL, 5–6 mg/dL, and (−), respectively. AKI acute kidney 
injury, eGFR estimated glomerular filtration rate, Alb serum albumin, 

SUA serum uric acid, NSAIDs non-steroidal anti-inflammatory drugs, 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-
receptor blocker, ACD anticancer drug, L-DI loop diuretics, T-DI 
thiazide diuretics, O-DI other diuretics, DM diabetes mellitus, HT 
hypertension, HL hyperlipidaemia, CHF chronic heart failure, IHD 
ischaemic heart disease, non-IHD non-ischaemic heart disease, CVD 
cerebrovascular disease, VD other vascular disease, U-Prot proteinu-
ria, OR odds ratio, 95% CI 95% confidence interval
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proven that it is important to be cautious in elderly and very 
elderly people with CKD who are more likely to develop 
AKI.

This study had several strengths and limitations. First, 
our comprehensive study with a large sample size may pro-
vide representative results for AKI not only in the elderly 
population but also in the very elderly population, as char-
acterised by current definitions. Particularly, there are very 
few similar epidemiological studies on the risk of develop-
ing AKI in the very elderly population, which is expected 
to attract increasing attention in the future. Therefore, our 
study’s results are expected to have a large impact on this 
research field. Second, because our study was a single-
centre, retrospective observational study, there may have 
been potential confounding factors, confounding infor-
mation, and selection biases. In particular, in Cohort 2, 
approximately one-third of patients with AKI did not have 
a urine test performed; thus, we suspected that the results 
of Cohort 2 were likely to be more influenced by selection 
bias than those of Cohort 1. Additionally, in Cohort 2, men 
with U-Prot (≥ 3 +) were no longer at risk for AKI pro-
gression, but it cannot be ruled out whether the very lower 
number of men with U-Prot (≥ 3 +) influenced this result. 
Finally, our study used only SCr levels, but not urine out-
put criteria, to define AKI, which may have resulted in an 
underestimation of AKI [31].

Conclusions

AKI is highly frequent and severe in individuals 
aged ≥ 65 years. Many risk factors reported thus far, such 
as reduced renal function at baseline, DM, and cancer, 
are associated with AKI development. Our study showed 
that elderly and very elderly individuals share many of the 
same risks of AKI as other age groups in previous stud-
ies. However, we revealed that there are differences in the 
effects of the RAS inhibitors, ACEIs and ARBs (ARBs 
may be protective), and that the U-shaped relationship 
between AKI onset and uric acid levels differs between 
sexes in the elderly population, similar to other age groups, 
but this sex difference disappears in the very elderly popu-
lation. Further research is required to collect more mean-
ingful clinical outcomes and identify more modifiable risk 
factors to design future strategies for AKI prevention in 
elderly and very elderly persons who are likely to have 
AKI and will account for a high proportion of the future 
population. Pre-existing CKD is a risk factor for the devel-
opment of AKI in elderly and very elderly persons.
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