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Acute kidney injury epidemiology, risk 
factors, and outcomes in critically ill patients 
16–25 years of age treated in an adult intensive 
care unit
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Abstract 

Background:  Most studies of acute kidney injury (AKI) have focused on older adults, and little is known about AKI 
in young adults (16–25 years) that are cared for in an adult intensive care unit (ICU). We analyzed data from a large 
single-center ICU database and defined AKI using the Kidney Disease Improving Global Outcomes criteria. We strati‑
fied patients 16–55 years of age into four age groups for comparison and used multivariable logistic regression to 
identify associations of potential susceptibilities and exposures with AKI and mortality.

Results:  AKI developed in 52.6% (n = 8270) of the entire cohort and in 39.8% of the young adult age group (16–
25 years). The AUCs for the age categories were similar at 0.754, 0.769, 0.772, and 0.770 for the 16–25-, 26–35-, 36–45-, 
and 45–55-year age groups, respectively. For the youngest age group, diabetes (OR 1.89; 95% CI 1.09–3.29), surgical 
reason for admission (OR 1.79; 95% CI 1.44–2.23), severity of illness (OR 1.02; 95% CI 1.02–1.03), hypotension (OR 1.13; 
95% CI 1.04–1.24), and certain medications (vancomycin and calcineurin inhibitors) were all independently associated 
with AKI. AKI was a significant predictor for longer length of stay, ICU mortality, and mortality after discharge.

Conclusions:  AKI is a common event for young adults admitted to an adult tertiary care center ICU with an associ‑
ated increased length of stay and risk of mortality. Potentially modifiable risk factors for AKI including medications 
were identified for all stratified age groups.
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Background
An association of acute kidney injury (AKI) and adverse 
outcomes including length of hospital stay, progression 
to chronic kidney disease (CKD), and mortality is con-
sistently shown in multiple patient populations [1–6]. 
In critically ill patients the rates of AKI vary based on 
the population studied and definition of AKI used, 
with reported rates of 8–89% for children [7–11] and 
7–25% for adults [12–15]. Recently, investigators in the 
Assessment of Worldwide Acute Kidney Injury, Renal 
Angina, and Epidemiology (AWARE) study explored 

the association of AKI with morbidity and mortality in 
patients 3 months to 25 years of age admitted to a pediat-
ric intensive care unit (ICU) [5]. However, no prior study 
has investigated specifically the incidence and implica-
tions of AKI in the young adult critically ill patient pop-
ulation treated in an adult ICU, a patient group that is 
growing in adult critical care practices [16].

Given the complexity and diversity of the critical care 
patient population, it can be challenging to identify and 
address the numerous risk factors for AKI encountered 
in the ICU. Since we continue to have no direct pharma-
cologic therapies for AKI, prevention is of paramount 
importance. An understanding of the potentially modifi-
able risk factors that may be unique to different patient 
groups within the ICU is critical to the prevention of 
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AKI. As a result of an increasing number of individuals 
with childhood chronic illnesses surviving into adulthood 
[17], there is a need to understand the potentially unique 
modifiable risk factors for AKI in the 16–25-year-old or 
young adult ICU population. Little is known about the 
potential comorbid conditions that may exist in this age 
group, possibly impacting their AKI incidence and out-
comes. As a result of certain comorbid conditions prior 
to entering the ICU, patients may have a greater exposure 
to nephrotoxic pharmacologic agents thereby potentially 
increasing their risk of AKI. Hui-Stickle et al. [18] dem-
onstrated that nephrotoxic medications were the most 
common cause of acute renal failure for older children 
and adolescents, while ischemia was the most common 
etiology in patients 5 years of age or less. There have been 
no previous studies to date exploring the susceptibilities, 
exposures, and outcomes of AKI specifically in young 
adult ICU patients cared for outside of a children’s hos-
pital. Thus, we sought to determine if the incidence, risks, 
and associated outcomes for AKI varied by age across a 
population of 16–55-year-old ICU patients treated in an 
adult hospital ICU.

Methods
Study population
After obtaining institutional review board approval, data 
were obtained from the High-Density Intensive Care 
(HiDenIC) database, which includes clinical variables 
on all patients admitted to the University of Pittsburgh, 

a tertiary care academic medical center, from July 2000–
September 2008. The HiDenIC database includes data on 
adult patients admitted to one of eight ICUs (medical, 
cardiac, transplant, surgical, neurological, and trauma). 
Exclusion criteria were applied including: (1) history of 
hemodialysis or renal transplant, (2) baseline creatinine 
> 3.5 mg/dl, (3) liver transplant during the index hospi-
talization, (4) insufficient information to determine AKI 
status, and (5) unknown age (Fig.  1). We defined the 
young adult population as those individuals 16–25 years 
of age. The remaining cohort was stratified into 10-year 
age increments including: 26–35 years, 36–45 years, and 
46–55 years.

Clinical variables
The risk factors included the analysis are significant pre-
dictors of AKI in previous studies [19, 20]. The potential 
risk factors include sex, race, reference creatinine, esti-
mated glomerular filtration rate (eGFR) derived from the 
reference creatinine [21], comorbid conditions defined 
by ICD-9 codes (cardiac disease, CKD, diabetes, fluid 
overload, history of hypertension, malignancies), admis-
sion type (medical or surgical), and moderate anemia 
(defined by The World Health Organization [22]). Fluid 
balance was calculated by subtracting total intake from 
output divided by the admission weight (kg) × 100 in the 
first 24 h of ICU admission [23]. We defined fluid over-
load as a fluid balance > 5%. Severity of illness was evalu-
ated with the Acute Physiology and Chronic Healthy 

16-55 Year Old Patients Admitted Between 2000-2008
n=21,692

Excluded:
History of Hemodialysis or 
Renal Transplant (n=3,603)
Baseline Creatinine >3.5 mg/dL 
(n=147)
Liver Transplant During the Index  
Hospitalization (n=1,366)
Insufficient Information to 
Determine  AKI Status (n=492)
Unknown Age (n=360)

( )

Total Patients Included In Analysis
n=15,724

Age 16-25
n=2,165

Age 26-35
n=2,354

Age 36-45
n=4,166

Age 46-55
n=7,039

Fig. 1  Flow diagram of the study cohort
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Evaluation (APACHE) III score [24]. In the first 24 h of 
ICU admission, the need for vasopressors, mechanical 
ventilation as well as concern for sepsis (the ordering of 
blood cultures and antibiotics within 24 h of each other) 
was also included. Additionally, we evaluated exposure 
to potentially nephrotoxic medications within the first 
24  h of ICU admission, including angiotensin-convert-
ing enzyme inhibitors, angiotensin II receptor blockers, 
vancomycin, aminoglycosides, antibiotics other than 
vancomycin or aminoglycosides (including piperacillin/
tazobactam, cephalosporins, quinolones, macrolides, 
sulfonamides, and carbapenems), calcineurin inhibitors, 
nonsteroidal anti-inflammatory drug (NSAID) medica-
tions, acyclovir, mannitol, and phenytoin.

Outcomes
We defined AKI according to the Kidney Disease Improv-
ing Global Outcomes (KDIGO) criteria [4]. Any patient 
meeting the criteria for KDIGO stage 1 or more based 
on either serum creatinine or urine output during their 
ICU stay was deemed to have AKI. We defined the refer-
ence creatinine as the baseline creatinine when available 
(lowest value between the most recent hospital creati-
nine value up to 1 year prior the index hospital admission 
and the creatinine recorded in the first 24  h of hospital 
admission) or the lowest value between the creatinine 
recorded in the first 24 h of hospital admission, first 24 h 
of ICU admission, and (for patients without a history of 
CKD) the creatinine derived from the Modification of 
Diet in Renal Disease (MDRD) equation for creatinine 
using an eGFR of 75 ml/min/1.73 m2 [25, 26]. The refer-
ence creatinine was used to determine creatinine changes 
for defining AKI. We evaluated for each age strata rates 
of AKI, need for renal replacement therapy (RRT), recov-
ery from RRT, ICU length of stay, hospital length of stay, 
ICU mortality, hospital mortality, 90-day mortality, and 
1-year mortality.

Statistical analysis
Categorical variables were summarized as number and 
percentage, and continuous variables were summarized 
as median with interquartile range. Given the large num-
ber of patients in the study, statistical differences alone 
are unlikely to be meaningful. Therefore, we set 10% as 
a clinically meaningful difference between age groups. 
Age per 5 years was included as a risk factor for each age 
group to account for differences within the age groups. 
To determine the susceptibilities and exposures asso-
ciated with AKI, multivariable logistic regression was 
performed whereby: (1) the cohort was stratified by age 
group (each of 10  years, starting from age 16–25) and 
(2) with age group as a main effect and accounting for 
interactions between age group and all other risk factors. 

Age-stratified models were built using the following 
steps: (1) adding each risk factor to age as a continuous 
variable and using the Wald statistic to determine their 
significance, (2) the individual size of all variables in step 
1 was tested with the Wald statistic as they were added 
to a multivariable logistic regression model, (3) vari-
ables with p ≥  0.05 were taken out of the model and a 
reduced model was fit, and (4) lastly to compare nested 
models in steps 2 and 3 the likelihood ratio test was used 
to determine a final model. For the interaction models, in 
order to find a main effects model, age group was used as 
a main effect and steps 1 through 4 were repeated. With 
age retained in the models regardless of significance level, 
all possible interactions were added one at a time and 
their significance was determined with the Wald statis-
tic. STATA’s “roctab” function was used to assess the area 
under the receiver operating characteristic curve (AUC) 
for each age-stratified model. In addition, the “rocreg” 
function that uses bootstrap (1000 replications) for infer-
ence was also used to assess nonparametric ROC estima-
tion under the presence of covariates. Model selection 
for ICU mortality, hospital mortality, mortality at 90 days 
after ICU admission, and mortality 1  year after ICU 
admission across age groups was done using the step-
wise selection methodology described above to identify 
the best model for mortality prediction. Goodness of fit 
was assessed using Hosmer–Lemeshow [27]. Statistical 
analyses were performed using STATA software (version 
SE 14.0, StataCorp LP) and SAS 9.4 with statistical sig-
nificance set at p < 0.05.

Results
After applying the exclusion criteria, 15,724 patients 
were included in the analysis. The reference creatinine 
was determined from a documented baseline creatinine 
in 5543 patients and estimated in 10,181 patients. AKI 
occurred in 8270 (52.6%) patients. The characteristics 
of individuals that developed AKI are shown in Table 1. 
In the 16–25-year-old age group, 39.8% of the patients 
developed AKI. In all age groups stage I AKI occurred 
with the greatest frequency. Although stage 3 AKI 
occurred with the lowest frequency in the 16–25-year-
old age group, it occurred in 15% of patients. Only a few 
variables met our criteria of 10% as a clinically mean-
ingful difference between age groups. Cardiac disease, 
hypertension, multiple comorbidities, vasopressor use 
and NSAID use were more common in older adults 
(Table 1). The distributions for the remainder of the vari-
ables were similar between groups. 

Sepsis and vancomycin use were found to be highly 
associated with AKI in the overall cohort as well as for 
each individual age group. Given that sepsis was defined 
as the ordering of blood cultures and antibiotics within 
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24  h of each other and vancomycin was the most com-
mon antibiotic prescribed, not surprisingly sepsis was 
highly colinear with vancomycin. Therefore, sepsis was 
not included in the final individual logistic regression 
models built for each age group (Table 2). The area under 
the curve (AUC) for each of the four age groups was sim-
ilar indicating a comparable ability to predict AKI across 
the different age strata at 0.754, 0.769, 0.772, and 0.770 
for the 16–25-, 26–35-, 36–45-, and 46–55-year-old age 

groups, respectively. In order to gain more precise esti-
mates, the AUC was re-fitted using bootstrapping and 
similar AUC values were also determined across the four 
age strata. Diabetes, APACHE III score, and vancomycin 
were significantly positively associated with AKI across 
all age groups. Specifically, for the young adults (ages 
16–25), age, race, diabetes, surgical admission, APACHE 
III score, hypotensive index, vancomycin, calcineurin 
inhibitor, NSAID, and other nephrotoxic medication 

Table 1  Patient characteristics by age group (years) with acute kidney injury

AKI acute kidney injury, eGFR estimated glomerular filtration rate, APACHE Acute Physiology and Chronic Healthy Evaluation, KDIGO Kidney Disease Improving Global 
Outcomes, ACE angiotensin-converting enzyme, ARB angiotensin II receptor blocker, NSAID nonsteroidal anti-inflammatory drug

Characteristic 16–25 26–35 36–45 46–55 All

N = 862 N = 1098 N = 2189 N = 4121 N = 8270

% of age group with AKI 39.8 46.6 52.5 58.5 52.6

Age (years), Median (Q1–Q3) 22 (19–24) 31 (28–33) 41 (39–44) 51 (48–53) 45 (36–51)

Males N (%) 573 (66.5) 670 (61.2) 1304 (60) 2500 (61) 5047 (61)

Race N (%)

 White 597 (69) 790 (72) 1654 (76) 3127 (76) 6168 (76)

 Black 132 (15) 131 (12) 226 (10) 409 (10) 898 (11)

 Other 133 (15) 177 (16) 309 (14) 585 (14) 1204 (15)

Reference creatinine (mg/dl), median (Q1–Q3) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.1)

eGFR (ml/min/1.73 m2), median (Q1–Q3) 121.2 (92.8–133) 111.4 (81.9–123.1) 95.7 (79.4–113.9) 86.2 (76.9–104.8) 96.5 (78.6–113.2)

Fluid balance > 5% 111 (12.9) 161 (14.7) 285 (13.1) 485 (11.8) 1042 (12.6)

Cardiac disease N (%) 41 (5) 95 (9) 225 (10) 666 (16) 1027 (12)

Chronic kidney disease N (%) 16 (2) 26 (2) 135 (6) 218 (5) 395 (5)

Diabetes N (%) 50 (6) 102 (9) 227 (10) 741 (18) 1120 (14)

History of hypertension N (%) 59 (7) 135 (12) 459 (21) 1274 (31) 1927 (23)

Malignancy N (%) 7 (0.8) 15 (1) 62 (2.8) 156 (3.8) 240 (3)

Multiple comorbidities N (%) 142 (17) 290 (26) 803 (37) 1889 (46) 3124 (38)

Mechanical ventilation N (%) 580 (67) 684 (62) 1340 (61) 2413 (59) 5017 (61)

Surgical admission N (%) 504 (65) 601 (60) 1128 (57) 2216 (59) 4449 (59)

Suspected sepsis N (%) 122 (14) 198 (18) 395 (18) 698 (17) 1413 (17)

APACHE III score, median (Q1–Q3) 54 (36–72) 53 (34–73) 52 (35–74) 57 (38–80) 55 (37–76)

Vasopressor use N (%) 149 (17) 224 (20) 521 (24) 1125 (27) 2019 (24)

Moderate anemia N (%) 227 (26) 315 (29) 577 (26) 1259 (31) 2378 (29)

Maximum KDIGO N (%)

 Stage 1 400 (46) 444 (41) 738 (34) 1241 (30) 2823 (34)

 Stage 2 335 (39) 433 (39) 906 (41) 1783 (43) 3457 (42)

 Stage 3 127 (15) 221 (20) 545 (25) 1097 (27) 1990 (24)

Medication exposure N (%)

 ACE inhibitor/ARB 21(2) 27 (2) 93 (4) 269 (7) 410 (5)

 Vancomycin 124 (14) 203 (18) 373 (17) 669 (16) 1369 (17)

 Aminoglycoside 31 (3.6) 44 (4) 87 (4) 157 (4) 319 (4)

 Other Antibiotics 62 (7) 82 (7) 137 (6) 258 (6) 539 (6)

 Calcineurin inhibitor 58 (7) 94 (9) 153 (7) 264 (6) 569 (7)

 NSAID 40 (5) 90 (8) 269 (12) 716 (17) 1115 (14)

 Acyclovir 18 (2) 29 (2.6) 462 (2.1) 67 (1.6) 160 (2)

 Mannitol 28 (3) 26 (2) 32 (1.5) 30 (0.7) 116 (1)

 Phenytoin 32 (3.7) 24 (2) 47 (2) 82 (2) 185 (2)
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use were all significantly associated with AKI (Table  2). 
Included in the category of other nephrotoxic medica-
tions were acyclovir, mannitol, and phenytoin. However, 
when each of these drugs was included individually in the 
model, there was no significant association with AKI.

Statistically significant interactions between age groups 
and the potential risk factors were determined (Table 3). 
Despite a similar ability to predict AKI across the four 
age strata, certain risk factors were significantly different 
with respect to age group. The risk factors that had sig-
nificant interactions with age were cardiac disease, sur-
gical admission, eGFR, calcineurin inhibitor, NSAID, and 
other nephrotoxic medication use.

Table  4 shows outcomes of the patients with AKI in 
each of the four age strata. In the young adult patients, 
even though only a small number of patients received 
RRT (n = 46), 47.8% of patients that received RRT while 
hospitalized had no recovery from RRT at 90 days. In the 
640 patients in the overall patient cohort that received 
RRT, 59.4% had no recovery from RRT at 90  days. The 
ICU and hospital length of stay were similar between age 
groups. Hospital, ICU, 90-day, and 1-year mortality were 

greater in the older adult groups. AKI was a significant 
predictor of hospital mortality, ICU mortality, mortal-
ity at 90 days and mortality at 1 year in the young adult 
patients (Table  5). Tables  6 and 7 show the significant 
role that AKI contributed toward predicting hospital and 
1 year post-discharge mortality in the 16–25-year-old 
age group. Patients with AKI had an increased risk of 1 
year post-discharge mortality in all age groups (Fig.  2). 
Among the variables included in the multivariable logis-
tic regression, it was the APACHE III score, a diagnosis 
of malignancy, and a diagnosis of AKI during the time of 
ICU admission only that significantly contributed toward 
predicting mortality 1 year after discharge (Table 7).

Discussion
Even in young adult patients, AKI occurred in 39.8%. 
Similar to the AWARE study, a strength of this investi-
gation is that we defined AKI using both the KDIGO 
serum creatinine and urine output criteria, given that 
defining AKI using serum creatinine has been shown to 
decrease the sensitivity for AKI detection [5]. Our rate of 
AKI in the young adult patient cohort falls between the 

Table 2  Multivariable logistic regression of risk factors for individuals with acute kidney injury compared to those with-
out acute kidney injury by age categories (years)

OR odds ratio, CI confidence interval, APACHE Acute Physiology and Chronic Healthy Evaluation, eGFR estimated glomerular filtration rate, ACE angiotensin-converting 
enzyme, ARB angiotensin II receptor blocker, NSAID nonsteroidal anti-inflammatory drug, ROC receiver operator curve

Characteristic 16–25
OR (95% CI p value)

26–35
OR (95% CI p value)

36–45
OR (95% CI p value)

46–55
OR (95% CI p value)

Age per 5 years 1.39 (1.14–1.69, < 0.01) 1.21 (1.02–1.43, 0.02) – –

Black 1.41 (1.04–1.91, 0.02) – – –

Other race – – – –

Diabetes 1.89 (1.09–3.29, 0.02) 1.86 (1.20–2.89, < 0.01) 1.52 (1.14–2.02, 0.01) 1.55 (1.28–1.85, 0.01)

Fluid balance > 5% – – – –

Malignancy – – – –

Hypertension – – – –

Cardiac disease – 3.75 (2.23–6.29, < 0.01) 2.00 (1.47–2.72, < 0.01) 1.36 (1.12–1.64, 0.01)

Chronic kidney disease – – – –

Surgical admission 1.79 (1.44–2.23, < 0.01) 1.39 (1.14–1.71, < 0.01) 1.23 (1.05–1.72, < 0.01) –

Vasopressor use – 1.48 (1.04–2.12, 0.03) 1.34 (1.05–1.65, 0.01) 1.41 (1.19–1.69, < 0.01)

Mechanical ventilation – 1.39 (1.09–2.12, < 0.01) 1.38 (1.16–1.31, < 0.01) 1.53 (1.33–1.73, < 0.01)

Moderate anemia – – – –

APACHE III score 1.02 (1.02–1.03, < 0.01) 1.02 (1.02–1.26, < 0.01) 1.03 (1.02–1.04, < 0.01) 1.03 (1.03–1.03, < 0.01)

eGFR – – 0.98 (0.98–0.99, < 0.01) 0.98 (0.98–0.99, < 0.01)

Hypotensive Index 1.13 (1.04–1.24, < 0.01) – – 1.04 (1.01–1.07, 0.01)

ACE inhibitor/ARB – – – –

Vancomycin 1.46 (1.00–2.13, 0.04) 1.56 (1.13–1.39, < 0.01) 1.39 (1.08–1.77, 0.01) 1.45 (1.18–1.77, < 0.01)

Other antibiotics – – – –

Calcineurin inhibitor 2.72 (1.45–5.12, < 0.01) – 2.45 (1.59–3.75, < 0.01) –

NSAID 0.51 (0.32–0.82, < 0.01) 0.68 (0.49–0.80, 0.02) 0.78 (0.63–0.96, 0.01) 0.92 (0.80–1.07, 0.03)

Other nephrotoxic medications 1.60 (1.03–2.49, 0.03) – –

AUC (Q1–Q3) 0.754 (0.732–0.776) 0.769 (0.749–0.789) 0.772 (0.757–0.787) 0.770 (0.758–0.781)
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rates reported by AWARE (26.9%) and the Acute Kidney 
Injury-Epidemiologic Prospective Investigation (AKI-
EPI) published in 2015 (57.3%) [5, 28].

Importantly, we show AKI to be a significant predictor 
of hospital and ICU mortality as well as mortality after 
discharge in young adult critically ill patients, treated in 
an adult ICU. Similarly, including both ICU and non-
ICU patients less than 18 years of age, Sutherland et al. 
show a significant association of AKI (defined using 
the KDIGO criteria) with ICU mortality and hospital 
length of stay. However, in contrast to our findings, they 
describe no significant association of AKI with mortality 
outside of the ICU [6]. Along with differences in patient 
age, the inclusion of patients with non-ICU AKI in their 
study may explain the discrepant results when compared 
to ours, which show AKI to be a significant predictor 
of hospital and 1 year post-discharge mortality in the 
16–25-year-old age group.

Given the poor outcomes associated with AKI in this 
study as well as prior studies, it is imperative that those 
caring for critically ill patients identify and address the 
risk factors that are unique to specific patient groups. 
The results of this analysis suggest that there are poten-
tially modifiable risk factors for AKI in critically ill young 
adults. The use of medications such as vancomycin and 
calcineurin inhibitors was found to be significantly asso-
ciated with AKI in patients 16–25  years of age. When 
grouped together, mannitol, acyclovir, and phenytoin 
were uniquely associated with AKI in the 16–25-year-old 
cohort. Due to the low rate of use of these medications 
in our overall patient cohort, we cannot make any deter-
mination about AKI risk of each medication individually. 

Table 3  Multivariable logistic regression of  interactions 
between age groups and risk factors associated with AKI

AKI acute kidney injury, APACHE Acute Physiology and Chronic Healthy 
Evaluation, eGFR estimated glomerular filtration rate, NSAID nonsteroidal anti-
inflammatory drug

*Each p value comes from a different multivariable logistic regression with age 
group, 15 risk factors and one interaction

Interaction of age group with χ2 (df) p value*

Race 5.19 (6) 0.52

Diabetes 4.31 (3) 0.22

Cardiac disease 17.55 (3) < 0.01

Chronic kidney disease 4.67 (3) 0.19

Surgical admission 18.42 (3) < 0.01

Vasopressor use 1.73 (3) 0.62

Mechanical ventilation 4.57 (3) 0.20

Moderate anemia 2.02 (3) 0.56

APACHE III score 7.07 (3) 0.06

eGFR 16.5 (3) < 0.01

Hypotensive Index 2.25 (3) 0.52

Vancomycin 1.06 (3) 0.78

Calcineurin inhibitor 12.84 (3) < 0.01

NSAID 3.30 (3) < 0.01

Other nephrotoxic medications 8.08 (3) 0.04

Table 4  Outcomes of patients with acute kidney injury for each of the four age categories (years)

RRT renal replacement therapy, ICU intensive care unit, SD standard deviation

Outcome Age 16–25 Age 26–35 Age 36–45 Age 46–55 All

Need for RRT N (%) 46 (5.3) 77 (7) 172 (7.9) 345 (8.4) 640 (7.7)

No recovery from RRT at 90 Days N (%) 22 (47.8) 37 (48.1) 92 (53.5) 229 (66.4) 380 (59.4)

ICU length of stay (days), mean (SD) 9.6 (10.7) 10.3 (15.1) 8.7 (11.6) 8.8 (12.9) 9 (12.7)

Hospital length of stay (days), mean (SD) 20.1 (22.2) 21.7 (25.4) 19.5 (24.1) 19.5 (24.2) 19.9 (24.1)

ICU mortality N (%) 51 (5.9) 80 (7.3) 245 (11.2) 486 (11.8) 862 (10.4)

Hospital mortality N (%) 64 (7.4) 107 (9.7) 319 (14.6) 674 (16.4) 1164 (14.1)

90-Day mortality N (%) 67 (7.8) 123 (11.2) 390 (17.8) 860 (20.9) 1440 (17.4)

1-Year mortality N (%) 90 (10.4) 180 (16.4) 498 (22.8) 1145 (27.8) 1913 (23.1)

Table 5  Multivariable logistic regression of outcomes related to acute kidney injury by age categories (years)

OR odds ratio, CI confidence interval, ICU Intensive Care Unit

Outcome Age 16–25
OR (95% CI p value)

Age 26–35
OR (95% CI p value)

Age 36–45
OR (95% CI p value)

Age 46–55
OR (95% CI p value)

All OR
(95% CI p value)

Hospital mortality 2.48 (1.25–4.90, < 0.01) 8.63 (1.04–71.70, 0.04) 21.73 (4.02–117.44, < 0.01) 4.88 (2.55–9.34, < 0.01) 2.03 (1.69–2.43, < 0.01)

ICU mortality 2.78 (1.30–5.94, < 0.01) 1.024 (0.58–1.82, 0.934) 1.67 (1.11–2.51, 0.01) 1.48 (1.12–1.97, 0.07) 3.74 (2.09–6.68, < 0.01

Mortality at 90 days 2.04 (1.09–3.82, 0.03) 1.313 (0.84–2.06, 0.233) 2.31 (1.70–3.14, < 0.01) 1.63 (1.34–1.98, < 0.01) 1.78 (1.53–2.07, < 0.01)

Mortality at 1 year 2.25 (1.14–4.45, 0.02) 2.50 (1.50–4.15, < 0.01) 1.98 (1.45–2.70, < 0.01) 1.90 (1.54–2.36, < 0.01) 2.03 (1.74–2.39, < 0.01)
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The significant association of nephrotoxic medications 
and AKI in the 16–25-year-old age group suggests the 
need for future studies exploring the effect of different 
drug combinations in young adults on AKI development. 
At the bedside, frequent evaluations for transitioning 
medications to less nephrotoxic alternatives along with 
the use of therapeutic drug monitoring when available 
should be initiated.

The multivariable logistic regression demonstrates a 
“protective effect” of NSAID use on AKI risk across all 
of the age groups. NSAIDs are frequently withheld from 
patients in the ICU due to the concern of nephrotoxic-
ity [29]. We speculate that our study results are due to 
a possible healthy user bias whereby patients without 
CKD and/or less comorbid conditions may have been 
more likely to receive NSAIDs during their ICU stay than 
patients with an elevated creatinine values and more 
comorbidities. However, given that increased NSAID 
use was not found to be positively associated with AKI 
in this critically ill patient cohort, intermittent NSAID 
use in patients without underlying renal disease who are 
euvolemic should be considered for analgesia given the 
low risk of renal side effects, as discussed in previous 

investigations [30, 31]. This may be particular important 
given recent attention to opiate use in the critically ill.

In this study, which did not include patients over 
55 years of age, we show a similar ability to predict AKI 
when comparing the four age strata. Also using the 
HiDenIC database, but including ICU patients 55 years 
and older, Kane-Gill et  al. [20] demonstrated that the 
ability of similar variables used in our study to predict 
AKI decreases with age. Specifically, they report that 
for patients greater than or equal to 75  years of age an 
AUC for predicting AKI of 0.673 [20]. This is in contrast 
to the higher AUC values determined in this study for 
younger adults, which demonstrates the superior abil-
ity to predict and, therefore, potentially prevent AKI in 
patients less than 55 years of age. Notably, the risk fac-
tors between those age 16–55 in our study and those 
>  75 in the previously published study varied with dif-
ferent drugs, history of hypertension, and sepsis in the 
older adult group [20].

Our models for mortality were also quite robust with 
all AUCs of at least 0.80 and some approaching 0.90 
(Tables  6, 7). While our intent was not to develop a 
risk prediction model for mortality with AKI, and our 

Fig. 2  Kaplan–Meier survival curves for 1-year mortality after ICU discharge
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models are likely overtrained, these results are far better 
than most reports in the literature [32]. Use of younger 
patients and stratification by age group may have led to 
significantly better predicative value. While the AUC 
values appear to increase with decreasing age, the confi-
dence intervals overlap. Future studies are needed to vali-
date these models in independent populations.

Our study has important limitations. The identified risk 
factors for AKI may be surrogates of other variables. For 
example, the association of calcineurin inhibitor use and 
AKI may reflect the association of AKI with transplant 
status. Notably, surgical as opposed to medical admis-
sion was an increasingly powerful risk factor for AKI in 
younger patients, especially those 16–25  years of age. 
However, it could not be determined from the database 
if surgeries were elective versus emergent. APACHE 
III scores and the MDRD equation for estimating GFR 
have not been validated in patients less than 18 years of 
age. Importantly, the MDRD equation was derived from 
patients with CKD, and its use in patients with critical 
illness is unclear. All of the young adults in this study 
were treated in adult intensive care units at a single insti-
tution. Given the single-center nature of this study, the 
comorbidities of a young adult patient group treated at 
other institutions may be different from our cohort of 
patients. Therefore, the results should be validated at 
other centers.

Conclusions
Using the KDIGO criteria for both serum creatinine and 
urine output to define AKI, 39.8% of patients between the 
ages of 16–25 met AKI criteria during admission to an 
adult tertiary care center, indicating that AKI is a com-
mon event in this patient group. The diagnosis of AKI 
during hospital admission independently contributed 
toward increased hospital mortality, increased ICU mor-
tality and increased mortality 90  days and 1  year after 
hospital discharge in the young adult patients. Potentially 
modifiable risk factors for AKI were identified, most 
notably nephrotoxic medication exposure. Risk factors 
identified in this younger population varied from pub-
lished data in older adults (> 75 years old).
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