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Abstract

Acute kidney injury (AKI) is a serious, often underrecognized
complication among patients hospitalized for drug overdose.
Although overdose mortality has recently declined in the
United States, less is known about whether serious nonfatal
complications, including AKI, have followed similar trends.
Adjusted percentages of hospitalizations of patients with drug
overdose and AKI were calculated using hospital discharge data
during 2016-2025. The percentage with a severe inpatient
course (i.e., acute dialysis, respiratory compromise, shock or
hypotension, or in-hospital death) was also calculated. Among
1,297,847 drug overdose—involved hospitalizations, AKI was
documented in 448,136 (34.5%). The percentage of patients
with AKI was 28.2% among those aged <24 years, 37.4%
among those aged =65 years, 29.4% among females, and
38.1% among males. AKI among patients with a drug over-
dose—involved hospitalization increased during 2016-2022
(annual percent change [APC] = 2.69%) and decreased during
2022-2025 (APC = -5.11%). Among patients with a drug
overdose—involved hospitalization and AKI, 273,093 (60.9%)
experienced a severe inpatient course, including 68.1% of
persons aged <24 years, 56.1% of those aged 265 years, 61.9%
of females, and 60.4% of males. The percentage of drug over-
dose—involved hospitalizations with a severe inpatient course
increased during 2016-2023 (APC = 1.82%), before decreas-
ing during 2023-2025 (APC = -2.89%). Disproportionately
severe inpatient courses among younger patients, who might
have more years of life at risk for developing chronic kidney
disease or kidney failure after AKI, warrants continued atten-
tion to early kidney injury detection after drug overdose,
postdischarge linkage to care, and overdose prevention through
improved access to substance use treatment.

Introduction

Acute kidney injury (AKI) is a serious in-hospital complica-
tion occurring in approximately 20% of hospitalized adults and
is associated with higher risk for chronic kidney disease (CKD),
kidney failure, and death. In addition, AKI is associated with
substantial health care costs, including an estimated $1,795
increase in cost per hospitalization compared with admissions
without AKI, and $11,016 in additional costs per hospitaliza-
tion when dialysis is required (7,2).

Traditional overdose surveillance has primarily focused
on fatal overdoses and nonfatal overdose-related emergency
department visits. Less is known about serious inpatient com-
plications, including AKI, that might contribute to adverse
longer-term health outcomes. Although AKI occurs across
hospitalizations for a wide range of conditions, drug overdose—
related AKI might warrant separate consideration because it
typically follows an identifiable, potentially preventable expo-
sure. Whereas many established risk factors for AKI, including
older patient age and the presence of preexisting cardiovascular
comorbidities, are not readily modifiable (7), the risk for drug
overdose-related AKI might be mitigated through early recog-
nition and reduction of substance exposure (3).

AKI can arise through various mechanisms after a drug
overdose, including rhabdomyolysis, ischemic injury, and
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substance-specific nephrotoxicity, which vary by substance type
(3). Although acute renal failure was reported in 33% of patients
hospitalized for cocaine intoxication with rhabdomyolysis (4),
national trends in coexisting AKI among drug overdose—involved
hospitalizations, including demographic patterns and drug over-
dose AKI-associated inpatient severity, remain poorly character-
ized. Quantifying the prevalence of AKI among patients with
a drug overdose—involved hospitalization and the percentage
of these hospitalizations with a severe inpatient course could
help identify groups at high risk for complications and guide
the development and implementation of prevention and clini-
cal management strategies aimed at reducing overdose-related
AKI morbidity and health care costs. This report assessed trends
in AKI among patients with drug overdose—involved hospi-
talizations during 2016-2025 and examined trends in severe
inpatient courses among patients with drug overdose—involved
hospitalizations and AKI.

Methods

Data Sources

The 2016-2025 hospital discharges recorded by the Premier
Healthcare Database (PHD), a large hospital-based, all-payer,
service-level database, were analyzed. PHD includes data from
approximately 1,400 hospitals and health care systems, represent-
ing approximately 25% of annual U.S. inpatient admissions.

This analysis focused on selected substance-specific overdose
hospitalizations involving opioids, cocaine, or psychostimulants,

drug categories that are commonly involved in U.S. overdose
deaths (5). A hospitalization for drug overdose™ was defined as a
patient admission with an International Classification of Diseases,
1énth Revision, Clinical Modification (ICD-10-CM) diagnosis code
indicating opioid, cocaine, or psychostimulant poisoning in any
diagnosis field and coded as present on admission. Among drug
overdose—involved hospitalizations, those of patients with AKTT
were identified by the presence of AKI in any diagnosis field.
Among drug overdose—involved hospitalizations of patients with
AKI, patients who received acute dialysis or experienced respi-
ratory compromise, shock or hypotension, or who died while
hospitalized were classified as having a severe inpatient course.

* Drug overdose—involved hospitalizations were defined using /CD-10-CM code
T40.0-T40.4, T40.6 (opioid), T40.5 (cocaine), and T43.6 (psychostimulants).
Subsequent encounters and sequelae were excluded based on the seventh
character of ICD-10-CM diagnosis codes, as defined in the /CD-10-CM Official
Guidelines for Coding and Reporting provided by the Centers for Medicare
& Medicaid Services and the National Center for Health Statistics. This coding
system is used to classify diagnoses and reasons for visits in all health care settings
in the United States, and the seventh character indicates the phase of care (e.g.,
initial encounter, subsequent encounter, and sequela). All available intent codes
(unintentional, intentional self-harm, assault, or undetermined) were included.

T AKI was defined using /CD-10-CM codes N17.0,N17.1,N17.2,N17.8,and N17.9.

S Severe inpatient course included dialysis (International Classification of Diseases,
Tenth Revision, Procedure Coding System [ICD-10-PCS): 3E1M39Z, 5A1D00Z,
5A1D60Z, 5A1D70Z, 5A1D80Z, and 5A1D90Z; Current Procedural
Terminology: 90935, 90937, 90945, and 90947), respiratory compromise
(ICD-10-CM: J96.0, J96.2, and R09.2; ICD-10-PCS: 5A09457, 5A09557,
5A09458, 5A09558, 5A0945Z, 5A0955Z, 5A1945Z, and 5A19557), shock
or hypotension (/CD-10-CM:195.2,195.9, R57.0, R57.1, R57.8, and R57.9),
or in-hospital death (identified from discharge status).
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Hospitalizations of patients with end-stage kidney disease or
chronic dialysis dependence were excluded.

Statistical Analysis

Annual percentages of drug overdose—involved hospi-
talizations of patients with AKI were estimated. Among
patients with an overdose-involved hospitalization and
AKI, the percentages of hospitalizations in which patients
experienced severe inpatient courses were also estimated.
For both outcomes, 95% Cls were obtained from weighted
multivariable logistic regression models adjusting for dis-
charge year (categorical), age group, sex, race and ethnicity,
CKD, heart failure, liver disease, diabetes, and type of drug
involved in the overdose.Y Estimates by age group and sex
were derived from models with interactions between year
and the respective subgroup, adjusting for the remaining
covariates. Pooled 2016-2025 adjusted percentages were
estimated overall and by age group and by sex using the same
covariates but without year-by-subgroup interaction terms.
Joinpoint regression (with a maximum of 1 joinpoint for 10
data points) was used to estimate annual percentage changes
(APC). Inpatient projection weights provided by PHD were
applied to generate national weighted estimates of hospital-
izations, and variance estimation accounted for clustering at
the hospital level. The unit of analysis was a hospitalization;
therefore, an individual patient could contribute more than
one hospitalization included, and patient characteristics such
as age and sex were those documented for each hospitalization
rather than for unique patients. Analyses were conducted
using Azure Databricks (version 4.5.0 R, Microsoft Azure),
and Joinpoint software (version 6.0.1; National Cancer
Institute). This activity was reviewed by CDC, deemed not

research, and conducted consistent with applicable federal
law and CDC policy.**

Results

Percentage and Characteristics of Patients with AKl and
Drug Overdose-Involved Hospitalizations

Overall, among 1,297,847 drug overdose—involved hos-
pitalizations during 2016-2025, AKI was reported among
448,136 (34.5%) hospitalized patients. The percentage of
drug overdose—involved hospitalizations with AKI was higher

9 Type of drug involved in the overdose categories were mutually exclusive.
Hospitalizations with one or more opioid codes and no cocaine or
psychostimulant codes were classified as opioid; those with one or more cocaine
codes and no opioid or psychostimulant codes were classified as cocaine; those
with one or more psychostimulant codes and no opioid or cocaine codes were
classified as psychostimulant. Hospitalizations with codes from two or more
of these drug classes were classified as multiple drug classes.

** 45 C.ER. part 46; 21 C.ER. part 56; 42 U.S.C. Sect. 241(d), 5 U.S.C. Sect.
552a, 44 U.S.C. Sect. 3501 et seq.

616

among older patients, ranging from 28.2% among patients aged
<24 years to 37.4% among those aged >65 years (p-value <0.001)
and was lower among females (29.4%) than among males
(38.1%) (p-value <0.001) (Table 1). The percentage of patients
with AKI increased during 2016-2022 (APC = 2.69%;
95% CI = 1.79%-3.65%), then decreased during 2022-2025
(APC = -5.11%) (Table 2).

Percentage and Characteristics of Severe Inpatient Course
Among Patients with Drug Overdose-Involved AKI
Hospitalizations

Among the 448,136 drug overdose—involved hospitalizations
of patients with AKI during 2016-2025, 273,093 (60.9%)
involved a severe inpatient course. This percentage was lower
with older patient age, ranging from a high of 68.1% among
patients aged <24 years to 56.1% among those aged >65 years
(p-value <0.001) and was higher among females (61.9%)
than among males (60.4%) (p-value <0.001) (Table 1).
The percentage of a severe inpatient course increased dur-
ing 2016-2023 (APC = 1.82%), then decreased during
2023-2025 (APC = -2.89%) (Table 2).

Temporal Trends by Demographic Subgroups

Temporal patterns across demographic subgroups gener-
ally followed the overall trend of an initial increase followed
by a decline, with both APCs statistically significant in all
subgroups (Figure), except that the decline in severe inpatient
course was not statistically significant among patients aged
<24 and 25-44 years or among females (Table 2). In age
subgroup analyses, opposing age gradients were observed:
whereas the percentage of drug overdose—involved hospital-
izations with AKI was higher with older age, the percentage
of those hospitalizations with AKI with a severe inpatient
course was lower among older patients throughout the
study period.

Discussion

This analysis characterized the percentage of drug overdose—
involved hospitalizations with AKI and the severe inpatient
course among patients with drug overdose—involved hospital-
izations and AKI, highlighting kidney injury as an important
component of overdose-related morbidity. The findings suggest
that AKI occurrence in drug overdose—involved hospitaliza-
tions was higher among older patients and was more com-
mon among males, whereas severe inpatient course was more
common among younger age groups and among females.
Older age is a known risk factor for AKI (7), consistent with
the finding that AKI occurred more frequently among older
patients. In contrast, the percentage of patients with drug
overdose—involved hospitalizations and AKI who experienced
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TABLE 1. Number and percentage of patients with acute kidney injury and severe inpatient course among patients with drug overdose-involved
hospitalizations, by age group and sex — Premier Healthcare Database, United States, 2016 to 2025

Drug overdose-involved hospitalizations

Patients with AKIt Patients with AKI and severe inpatient course$
Characteristic Total, no. (column %)* No. Adjusted % (95% CI)" p-value** No. Adjusted % (95% CI)t* p-value**
Total 1,297,847 (100.0) 448,136 34.5 (34.0-35.1) — 273,093 60.9 (60.2-61.7) —
Age group, yrs
<24 114,144 (8.8) 25,966 28.2(27.2-29.1) Ref 17,982 68.1 (66.9-69.4) Ref
25-44 467,357 (36.0) 145,434 33.8(33.2-34.4) <0.001 90,046 62.5(61.6-63.4) <0.001
45-64 509,295 (39.2) 189,046 35.4 (34.7-36.0) <0.001 114,068 61.0 (60.1-62.0) <0.001
>65 207,051 (16.0) 87,690 37.4 (36.8-38.0) <0.001 50,997 56.1 (55.0-57.1) <0.001
Sex
Female 532,268 (41.0) 156,078 29.4 (29.0-29.9) <0.001 98,030 61.9 (61.0-62.8) <0.001
Male 765,579 (59.0) 292,057 38.1(37.4-38.7) NA 175,063 60.4 (59.6-61.3) NA

Abbreviations: AKI = acute kidney injury; APC = annual percentage change; CPT = Current Procedural Terminology; ICD-10-CM = International Classification of Diseases,
Tenth Revision, Clinical Modification; ICD-10-PCS = International Classification of Diseases, Tenth Revision, Procedure Coding System; NA = not applicable; Ref = referent group.
* Drug overdose—-involved hospitalizations were defined using ICD-10-CM code T40.0-T40.4, T40.6 (opioid), T40.5 (cocaine), and T43.6 (psychostimulants). Subsequent
encounters and sequelae were excluded based on the seventh character of ICD-10-CM diagnosis codes, as defined in the ICD-10-CM Official Guidelines for Coding
and Reporting provided by the Centers for Medicare & Medicaid Services and the National Center for Health Statistics. This coding system is used to classify diagnoses
and reasons for visits in all health care settings in the United States, and the seventh character indicates the phase of care (e.g., initial encounter, subsequent
encounter, and sequela). All available intent codes (unintentional, intentional self-harm, assault, or undetermined) were included.

t AKI was defined using ICD-10-CM codes N17.0,N17.1,N17.2,N17.8, and N17.9.

§ Severe inpatient course included dialysis (/CD-10-PCS: 3E1M39Z, 5A1D00Z, 5A1D60Z, 5A1D70Z, 5A1D80Z, and 5A1D90Z; CPT: 90935, 90937, 90945, and 90947),
respiratory compromise (/CD-10-CM: J96.0,J96.2, and R09.2; ICD-10-PCS: 5A09457, 5A09557, 5A09458, 5A09558, 5A0945Z, 5A0955Z, 5A1945Z, and 5A1955Z), shock
or hypotension (ICD-10-CM: 195.2, 195.9, R57.0, R57.1, R57.8, and R57.9), or in-hospital death (identified from discharge status). ICD-10-PCS is a seven-character
alphanumeric medical coding system used to track and classify inpatient hospital procedures.

9 For the AKI outcome, the denominator is drug overdose-involved hospitalizations. Overall and subgroup estimates were obtained from weighted multivariable
logistic regression models adjusting for discharge year, age group, sex, race and ethnicity, presence of chronic kidney disease, heart failure, liver disease, diabetes,
and type of drug involved in the overdose.

** For age group, p-values are from Wald t-tests comparing each age group with the Ref (age <24 years), with adjustment for multiple comparisons. For sex, p-values
are from Wald t-tests comparing females with males.

t For the severe inpatient course outcome, the denominator is patients with drug overdose-involved AKI hospitalizations. Overall and subgroup estimates were
obtained from weighted multivariable logistic regression models adjusting for discharge year, age group, sex, race and ethnicity, presence of chronic kidney disease,
heart failure, liver disease, diabetes, and type of drug involved in the overdose.

a severe inpatient course was highest among persons aged and kidney failure (7), the frequency of severe inpatient course
<24 years, which might partly reflect age-related differences among persons aged <24 years is particularly concerning,
in the types of illicit drugs involved across age groups. Among because younger patients might have more cumulative years
patients hospitalized with rhabdomyolysis, illicit drug use has at risk for the consequences of incomplete kidney recovery
been associated with younger age, more severe AKI, and the and CKD progression. Although the acute kidney injury work
need for dialysis (6). group clinical practice guideline (9) recommends kidney-
The percentage of males with drug overdose—involved function assessment within 3 months after AKI, national
hospitalizations who experienced AKI was consistently post-AKI follow-up among Medicare beneficiaries (13.6%
higher than that of females in this study population; this in 2023), below the Healthy People 2030 target of 16.4%
finding aligns with recent inpatient opioid overdose litera- (Objective CKD-03). Linking drug overdose—involved hos-
ture reporting lower adjusted odds of AKI among females pitalizations of patients with AKI to postdischarge kidney
(7). However, when AKI did occur, the percentage of severe function follow-up could help identify patients at risk for
inpatient course was slightly higher among females than persistent kidney dysfunction and support early detection and
among males. A previous study reported that female sex and management of CKD.
the occurrence of shock or hypotension were risk factors
for severe opioid-related adverse events among hospitalized Limitations
patients (8); however, evidence of sex-specific patterns of The findings in this report are subject to at least four
hemodynamic instability in patients with drug overdose— limitations. First, hospitals participating in PHD might differ
related AKI remains limited. from nonparticipating hospitals in urbanicity, hospital size,
Drug overdose—involved AKI should be considered both an or overdose incidence, which could limit generalizability.
acute inpatient complication and a marker of long-term risk Second, analyses were conducted at the hospitalization level
for CKD. Because AKI is associated with subsequent CKD and did not account for within-patient correlation, which
617
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TABLE 2. Annual percent change in adjusted percentages* of acute kidney injuryt and acute kidney injury with severe inpatient courseS among
patients with drug overdose-involved hospitalizations, by age group and sex — Premier Healthcare Database, United States, 2016-2025

No. of drug overdose-involved

Trend segment 1

Trend segment 2

hospitalizations 2016 2025 Year APC (95% Cl)** Year APC (95% Cl)**
Total 139,603 108,299 — — — —
With AKI
No. 41,408 36,810 — — — —
% (95% Cl) 31.6(30.7t032.4) 31.9(31.1t032.7) 2016t02022 2.69(1.79 to 3.65) 2022 to0 2025 -5.11 (-=7.13 to —2.90)
With AKI and severe inpatient course
No. 24,373 22,028 — — — —
% (95% Cl) 57.1(55.9t058.3) 61.1(59.7t062.6) 2016t02023 1.82(1.52t02.35) 2023 to 2025 —2.89 (-5.00 to —0.69)
Age group, yrs
<24 15,139 6,626 — — — —
With AKI
No. 2,849 1,150 — — — —
% (95% Cl) 24.1 (22.41t025.8) 23.0(20.5t025.4) 2016t02023 4.17(3.23 10 5.68) 2023 to 2025 —15.31(-22.30to —-7.32)
With AKI and severe inpatient course
No. 1,858 803 — — — —
% (95% Cl) 63.6 (59.8t067.4) 69.1(63.7t074.5) 2016t02020 2.29(1.26t04.68) 2020 to 2025 —0.48 (-2.41 10 0.27)
25-44 48,465 35,436 — — — —
With AKI
No. 12,035 10,250 — — — —
% (95% Cl) 28.8(27.6t029.9) 30.8(29.8t031.9) 2016t02022 4.17 (2.59t0 6.45) 2022 to0 2025 -6.41 (-12.72to —3.08)
With AKI and severe inpatient course
No. 7,347 6,274 — — — —
% (95% Cl) 60.2 (58.4t062.1) 61.9(59.7t064.2) 2016t02023 1.69(1.18t03.14) 2023 to 2025 —3.42 (-6.34 t0 0.06)
45-64 55,288 43,830 — — — —
With AKI
No. 18,555 15,957 — — — —
% (95% Cl) 34.0(329t035.1) 33.1(31.9t034.2) 2016t02022 1.52(0.801t0 2.36) 2022 to0 2025 —-3.81 (-6.65 to —2.07)
With AKI and severe inpatient course
No. 10,917 9,503 — — — —
% (95% Cl) 57.3(55.6t059.0) 61.4(59.4t063.3) 2016t02023 1.74(1.491t0 2.15) 2023 t0 2025 —2.74 (-4.40to —0.86)
=65 20,711 22,407 — — — —
With AKI
No. 7,969 9,453 — — — —
% (95% ClI) 35.6(34.2t037.1) 35.2(33.7t036.6) 2016t02021 2.19(0.90 to 4.34) 2021 to 2025 —3.25 (-6.49to —1.64)
With AKI and severe inpatient course
No. 4,251 5,449 — — — —
% (95% Cl) 50.0 (47.8t052.2) 56.8(54.5t059.0) 2016t02023 2.55(2.07 to 3.60) 2023 to 2025 —3.02 (-6.15t0 0.01)

See table footnotes on the next page.

could have underestimated SEs. Third, AKI was identi-
fied using diagnosis codes rather than laboratory-based
criteria, which might have resulted in an underestimate of
AKI occurrence. In addition, although certain underlying
medical conditions potentially associated with AKI such as
diabetes and heart disease were accounted for, not all relevant
conditions were assessed. Information on intensive care unit
admission and duration of hospitalization was not assessed;
therefore, whether these factors might have contributed to the
development of AKI or a severe hospital course could not be
determined. Finally, selected diagnosis-code categories limited
assessment of combinations, adulterants, dose, route, dura-
tion, exposure timing, and other drug classes with potential
AKI relevance. In addition, expanded availability of naloxone,
a medication that reverses opioid overdose since 2019, might

have affected which opioid-involved overdose events resulted
in hospitalization (10).

Implications for Public Health Practice

This study assessed national trends in AKI and AKI-related
severe inpatient courses among drug overdose—involved hos-
pitalizations across a broad range of real-world hospitalization
settings. Public health efforts focusing on preventing drug
overdose to reduce subsequent AKI risk, promoting early
recognition of kidney injury, and improving continuity of
kidney care after hospitalization might reduce the occurrence
of drug overdose—involved AKI. Strategies might include
expanding overdose prevention measures, such as naloxone
distribution and substance use treatment access, encouraging
timely medical evaluation for suspected drug overdose, and
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TABLE 2. (Continued) Annual percent change in adjusted percentages* of acute kidney injury™ and acute kidney injury with severe inpatient course$
among patients with drug overdose-involved hospitalizations, by age group and sex — Premier Healthcare Database, United States, 2016-2025

Trend segment 1 Trend segment 2

No. of drug overdose-involved

hospitalizations 2016 2025 Year APC (95% Cl)** Year APC (95% Cl)**
Sex
Female 66,729 42,448 — — — —
With AKI
No. 17,455 12,334 — — — —
% (95% Cl) 27.3(26.5t028.1) 27.3(26.3t028.3) 2016t02023 1.97(1.36t0 3.04) 2023 to 2025 —7.20 (-11.48 to —2.95)
With AKI and severe inpatient course
No. 10,473 7,787 — — — —
% (95% Cl) 57.9(56.3t059.5) 63.3(61.3t065.4) 2016t02023 1.59(1.27 to 2.27) 2023 to 2025 —1.85(-3.90 t0 0.33)
Male 72,874 65,851 — — — —
With AKI
No. 23,953 24,476 — — — —
% (95% Cl) 344 (33.3t035.6) 35.1(34.2t036.1) 2016t02022 2.71(2.12t03.41) 2022to 2025 —5.39 (-6.63to —3.71)
With AKI and severe inpatient course
No. 13,899 14,241 — — — —
% (95% Cl) 56.7 (55.2t058.2) 60.0(58.4t061.6) 2016t02023 1.96(1.56t0 2.78) 2023 to 2025 —3.38 (-6.30 to —0.70)

Abbreviations: AKl = acute kidney injury; APC = annual percent change; CPT = Current Procedural Terminology; ICD-10-CM = International Classification of Diseases,
Tenth Revision, Clinical Modification; ICD-10-PCS = International Classification of Diseases, Tenth Revision, Procedure Coding System.

* Overall estimates were obtained from weighted multivariable logistic regression models adjusting for discharge year, age group, sex, race and ethnicity, presence
of chronic kidney disease, heart failure, liver disease, diabetes, and type of drug involved in the overdose. Subgroup estimates were obtained from models with
year-by-subgroup interaction, adjusted for remaining covariates.

T AKI was defined using ICD-10-CM codes N17.0,N17.1,N17.2,N17.8, and N17.9.

§ Severe inpatient course included dialysis (/CD-10-PCS: 3E1M39Z, 5A1D00Z, 5A1D60Z, 5A1D70Z, 5A1D80Z, and 5A1D90Z; CPT: 90935, 90937, 90945, and 90947),
respiratory compromise (/CD-10-CM: J96.0,J96.2, and R09.2; ICD-10-PCS: 5A09457, 5A09557, 5A09458, 5A09558, 5A0945Z, 5A0955Z, 5A1945Z, and 5A1955Z), shock
or hypotension (/ICD-10-CM: 195.2, 195.9, R57.0, R57.1, R57.8, and R57.9), or in-hospital death (identified from discharge status). ICD-10-PCS is a seven-character
alphanumeric medical coding system used to track and classify inpatient hospital procedures.

1 Drug overdose-involved hospitalizations were defined using ICD-10-CM code T40.0-T40.4 and T40.6 (opioid), T40.5 (cocaine), and T43.6 (psychostimulants).
Subsequent encounters and sequelae were excluded based on the seventh character of ICD-10-CM diagnosis codes, as defined in the ICD-10-CM Official Guidelines
for Coding and Reporting provided by the Centers for Medicare & Medicaid Services and the National Center for Health Statistics. This coding system is used to
classify diagnoses and reasons for visits in all healthcare settings in the United States, and the seventh character indicates the phase of care (e.g., initial encounter,

subsequent encounter, and sequela). All available intent codes (unintentional, intentional self-harm, assault, or undetermined) were included.

** An APC was considered statistically significant if its 95% Cl excluded zero.

improving clinician awareness of AKI risk among patients
with a drug overdose. Linking patients with AKI to postdis-
charge kidney follow-up care and substance use treatment
services to prevent future drug overdoses and recurrent AKI
could support long-term kidney health, particularly among
younger patients who were more likely to have a severe
inpatient course and might have more future years at risk
for cumulative kidney consequences after AKI. In addition,
because females experienced a higher percentage of severe
inpatient outcomes despite a lower overall percentage of
AKI, clinicians might consider monitoring female patients
hospitalized for drug overdose for signs of severe complica-
tions, especially when AKI occurs.
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Summary
What is already known about this topic?

Acute kidney injury (AKI) occurs in approximately 20% of
hospitalized adults and is associated with higher risk for
long-term chronic kidney disease, kidney failure, and death. AKI
can occur after a drug overdose, but national data on AKl in
drug overdose-involved hospitalizations remain limited.

What is added by this report?

Analysis of 2016-2025 hospital discharge data found that AKI
occurred in approximately one third of drug overdose-involved
hospitalizations; of those, approximately two thirds involved a
severe inpatient course. AKl incidence was higher with older
age, but severe inpatient courses among AKI cases were lower
with older age. Among patients with drug overdose-involved
hospitalizations, AKl increased during 2016-2022 and
decreased during 2022-2025.

What are the implications for public health practice?

Because the exposure is identifiable and potentially avoidable,
some drug overdose-related AKI might be preventable.
Clinician awareness and overdose prevention efforts can help
reduce AKl and prevent long-term kidney complications.

619

U.S. Department of Health and Human Services | Centers for Disease Control and Prevention | MMWR | October 22,2026 | Vol.75 | No. 41


mailto:xpm3@cdc.gov

FIGURE. Adjusted percentages* of acute kidney injury’ among patients with drug overdose-involved hospitalizations, by age group (A) and
sex (B), and adjusted percentages of severe inpatient course’ among patients with drug overdose-involved hospitalizations and acute kidney

Morbidity and Mortality Weekly Report

injury, by age group (C) and sex (D) — Premier Healthcare Database, United States, 2016-2025

A. AKlI among patients with drug overdose-involved
hospitalizations, by age group

100
J, <24 yrs
1 25-44 yrs
o 501 === 45-64yrs
g == >65yrs
S = = Overall
o
L 40- L T S
5 . .- -~
2 ki e R R i N -
%) PR LLER PR EES "y e,
=] - = == = a WO
-6‘ - - ~
< 304
20 1 1 1 1 1 1 1 1 1 1
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year of discharge
C. Severe inpatient course among patients with drug
overdose—-involved hospitalizations and AKI, by age group
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Abbreviations: AKI = acute kidney injury; CPT = Current Procedural Terminology; ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical Modification;
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B. AKl among patients with drug overdose-involved
hospitalizations, by sex
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D. Severe inpatient course among patients with drug
overdose-involved hospitalizations and AKI, by sex
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ICD-10-PCS = International Classification of Diseases, Tenth Revision, Procedure Coding System.

* Overall estimates were obtained from weighted multivariable logistic regression models adjusting for discharge year, age group, sex, race and ethnicity, presence of
chronic kidney disease, heart failure, liver disease, diabetes, and type of drug involved in the overdose. Subgroup estimates were obtained from models with year-by-

subgroup interaction, adjusted for remaining covariates.

T AKI was defined using ICD-10-CM codes N17.0,N17.1,N17.2,N17.8,and N17.9.

§ Drug overdose—-involved hospitalizations were defined using ICD-10-CM code T40.0-T40.4 and T40.6 (opioid), T40.5 (cocaine), and T43.6 (psychostimulants). Subsequent
encounters and sequelae were excluded based on the seventh character of ICD-10-CM diagnosis codes, as defined in the ICD-10-CM Official Guidelines for Coding and
Reporting provided by the Centers for Medicare & Medicaid Services and the National Center for Health Statistics. This coding system is used to classify diagnoses and
reasons for visits in all health care settings in the United States, and the seventh character indicates the phase of care (e.g., initial encounter, subsequent encounter, and

sequela). All available intent codes (unintentional, intentional self-harm, assault, or undetermined) were included.

1 Severe inpatient course included dialysis (/ICD-10-PCS: 3E1M39Z, 5A1D00Z, 5A1D60Z, 5A1D70Z, 5A1D80Z, and 5A1D90Z; CPT: 90935, 90937, 90945, and 90947),
respiratory compromise (ICD-10-CM: 196.0, J96.2, and R09.2; ICD-10-PCS: 5A09457, 5A09557, 5A09458, 5A09558, 5A0945Z, 5A0955Z, 5A1945Z, and 5A1955Z), shock
or hypotension (ICD-10-CM: 195.2, 195.9, R57.0, R57.1, R57.8, and R57.9), or in-hospital death (identified from discharge status). ICD-710-PCS is a seven-character

alphanumeric medical coding system used to track and classify inpatient hospital procedures.
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