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Associations of Opioid Prescriptions with Death and
Hospitalization across the Spectrum of Estimated GFR
Tessa K. Novick,1 Aditya Surapaneni,2 Jung-Im Shin,2,3 G. Caleb Alexander,3 Lesley A. Inker,4 Eric A. Wright,5

Alex R. Chang ,6 and Morgan E. Grams1,2,3

Abstract
Background and objectives Most opioids undergo kidney excretion. The goal of this study was to evaluate
opioid-associated risks of death and hospitalization across the range of eGFR.

Design, setting, participants, & measurements The study population included adult primary care patients in
Geisinger Health (Danville, PA) between 2008 and 2017. People receiving their first opioid prescription were
propensity matched to people receiving NSAIDS (and, in sensitivity analysis, gabapentinoids) and the risk of
death and hospitalization were compared, classifying opioid medication exposure as time-varying daily oral
morphine milligram equivalents (MMEs) across time-varying eGFR.

Results The propensity-matched cohort included 46,246 patients prescribed either opioids or NSAIDs between
2008 and 2017 (mean [SD] age, 54 [16] years; 56% female; 3% of black race). Prescriptions for 1–59 and$60MMEs
were associated with higher risk of death (HR, 1.70; 95% CI, 1.41 to 2.05 for 1–59MMEs; HR, 2.25; 95% CI, 1.82 to
2.79 for$60MMEs)andhospitalization (HR, 1.38; 95%CI, 1.30 to 1.46 for 1–59MMEs;HR,1.68; 95%CI, 1.56 to 1.81
for$60MMEs) comparedwithNSAIDprescriptions,when evaluatedat eGFR80ml/minper 1.73m2. The relative
risk of death associated with$60 MMEs was higher at lower GFR (e.g., eGFR, 40 ml/min per 1.73 m2; HR, 3.94;
95%CI, 2.70 to 5.75; P for interaction, 0.01). When gabapentinoids were used as the comparisonmedication, only
$60 MMEs were significantly associated with higher risk of death (HR, 2.72; 95% CI, 1.71 to 4.34), although both
1–59 and$60 MMEs were associated with risk of hospitalization (HR, 1.22; 95% CI, 1.04 to 1.43 for 1–59 MMEs;
HR, 1.54; 95% CI, 1.28 to 1.86 for $60 MMEs).

Conclusions The receipt of prescription opioids was associated with a higher risk of death and hospitalization
compared with other pain medications, particularly with higher doses and at lower eGFR.

CJASN 14: 1581–1589, 2019. doi: https://doi.org/10.2215/CJN.00440119

Introduction
Use of opioid analgesics in the United States has
reached historic levels, with a fourfold increase in
opioid prescribing between 1999 and 2010 (1–3). More
than 2.1 million Americans are estimated to have an
opioid use disorder (4), and 12% of adults with
prescription opioids report misuse, defined as use
without a prescription or a pattern of use other than
what was directed by a physician (2). There has also
been a corresponding surge in overdose deaths. In
2017, more than 49,000 Americans died from opioid
overdose, the highest year on record, and over
19,000 of these deaths involved prescription opioids
(5). In the general population, prescription opioid
use has been associated with increased risk of death
and hospitalizations (6,7).

An estimated 58% of individuals with CKD expe-
rience chronic pain, a prevalence two to three times
that of the general population (8–13). Neuropathy,
peripheral vascular disease, and pain syndromes
unique to kidney disease such as osteodystrophy
and calciphylaxis are common (9,12). However,

kidney disease limits therapeutic options for pain
control, in large part due to the relative contraindi-
cation to nonsteroidal anti-inflammatory drugs
(NSAIDs) (14). Opioids are an alternative, and over
40% of individuals with advanced CKD have received
opioid prescriptions (13). The vast majority of opioids
undergo some degree of kidney excretion (15). Con-
centrations of both parent opioids and their metabo-
lites can be altered in CKD, which can necessitate dose
adjustment, change drug efficacy, and possibly in-
crease risk for toxicity (15–17). Among people on
dialysis, past studies have shown higher risk of death,
dialysis discontinuation, hospitalizations, altered
mental status, falls, and fractures with opioid pre-
scriptions (18,19). However, little is known about the
risks associated with opioid use in patients with CKD
not on dialysis (8,20).
The objective of this study was to quantify the

association between prescription opioids and death
and hospitalization across patients with varying
levels of eGFR in a large, integrated healthcare delivery
system. We hypothesized that higher prescribed oral
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morphine milligram equivalents (MMEs) would be associ-
ated with increased risk of adverse outcomes.

Materials and Methods
Study Population
We included patients receiving primary care from

Geisinger Health. Geisinger serves 44 counties in central
and northeastern Pennsylvania (21). All inpatient and out-
patient visits are compiled in an electronic record that
includes laboratory data, prescription records, billing
codes, and vital signs. The out-migration rate is approx-
imately 1% per year (22). We included individuals who had
new opioid or NSAID prescriptions on or after January 1,
2008. We excluded persons with opioid prescriptions
before January 1, 2008, aged ,21 years, no outpatient
serum creatinine measurements within 1 year before
opioid prescription, history of malignancy, ESKD, initial
prescription for an opioid used to treat addiction
(buprenorphine, methadone, levacetylmethadol, lofexidine,
levomethadone, and diamorphine), and any prescription for
propoxyphene, resulting in a study population of 70,420
individuals (Figure 1). Propoxyphene was excluded due to
safety concerns and subsequent removal from the USmarket
in 2010 (23).
This study was reviewed and approved by the Johns

Hopkins University Bloomberg School of Public Health
and Geisinger Medical Center Institutional Review Board.

Measurement of Opioid Prescription
Opioid prescription was assessed from the electronic

medical record. For time-varying analyses, periods of
medication exposure began the day of prescription,
through the medication discontinuation date, plus a lag
period of 15 days. For each prescription, we converted
the daily dose into standardized MMEs to account for
differences in potency among opioid agents (24). Every
time an opioid prescription was added, discontinued,
or changed, the MME exposure was recalculated. If more
than one opioid was prescribed, the MMEs for each
opioid were added together. Opioid exposure was then
categorized as 1–59 or $60 MMEs to be consistent with
past studies among persons with kidney disease (19).
Opioid agents included: morphine, hydromorphone,
codeine, dihydrocodeine, oxymorphone, hydrocodone,
nalbuphine, meperidine, oxycodone, fentanyl, tramadol,
tapentadol, and pentazocine. Prescriptions for opioid/
NSAID combination agents were not included. Prescrip-
tions for buprenorphine and methadone were included
only during follow-up.

Measurement of Comparator Prescription
Prescriptions and reported use of NSAIDs and gabapen-

tinoids (gabapentin, pregabalin) were abstracted from
the medical record. Periods of medication exposure were
defined in a similar manner to those of opioids with a lag
period of 15 days.

Eligible Geisinger Population 

People with opioid prescription on/after 01/01/08: N = 227,037

People with NSAID prescription on/after 01/01/08: N = 212,573

Exclusions – Opioids

Past opioid prescription: N = 136,923

<21 years: N = 6247

No available Cr: N = 41,022

Cancer: N = 9141

ESKD: N = 470

Ever used propoxyphene: N = 339

People with Opioid 

Prescriptions

N = 32,895 (47%)

People with NSAID 

Prescriptions

N = 37,525 (53%)

After propensity-matching

People with Opioid 

Prescriptions

N = 23,123 (50%)

People with NSAID 

Prescriptions

N = 23,123 (50%)

Total Study Population 

N = 70,420

Exclusions – NSAIDs

Past opioid prescription: N = 111,192

<21 years: N = 10,996

No available Cr: N = 48,221

Cancer: N = 4030

ESKD: N = 20

Ever used propoxyphene: N = 589

Figure 1. | Study population. Cr, creatinine; NSAID, nonsteroidal anti-inflammatory drug.

1582 CJASN



Measurement of eGFR
Baseline serum creatinine was determined using the

most proximal antecedent outpatient value to prescription
start date and converted to eGFR using the CKD Epide-
miology Collaboration equation (25). All creatinine values
were measured using isotope-dilution mass spectrometry
traceable assays according to manufacturer specifications
(21). In the time-varying analyses, eGFR was updated
every time an outpatient serum creatinine was measured.

Measurement of Other Covariates
All demographic and clinical covariates were ascer-

tained using electronic medical record data. Demographic
variables included age, sex, and race. Clinical variables—
including body mass index (kg/m2), systolic BP, diastolic
BP, HDL level (mmol/L), total cholesterol level (mmol/L),
and random glucose (mmol/L)—were based on the most
proximal measurements that occurred on or before the
start date and analyzed as continuous variables. Current
and former use of cigarettes and current alcohol consump-
tion were defined by self-report (yes/no) using the same
time frame. Use of medications for hypertension, diabetes,
and dyslipidemia were defined as receiving a prescrip-
tion in the year before start date, and were analyzed as
dichotomous variables (yes/no). Medical comorbidities,
including coronary artery disease, congestive heart failure,
peripheral arterial disease, major depressive disorder,
diabetes, hypertension, osteoporosis, myalgias, and his-
tory of amputations were defined using documentation of
International Classification of Diseases, Ninth Revision
(ICD-9) and ICD-10 codes (Supplemental Table 1). In-
surance status was defined using five categories of the
most commonly used insurance plans (Blue Cross/Blue
Shield, “commercial,” Geisinger Health Plan, Medicare,
and “other”).

Outcomes
Outcomes included death and hospitalization, which

were ascertained from the electronic medical record.
Hospitalization was defined as the first inpatient stay
lasting .1 day (from admission date to discharge date).
Hospitalizations for ,1 day were excluded because they
likely reflect emergency department visits, observation
visits, or elective procedures. There was no maximum
length of stay imposed.

Development of Propensity Scores and Matching Protocol
We used 1:1 propensity matching to construct a cohort

of similar groups of individuals who received new opioid
prescriptions (without active NSAIDs) and had prescrip-
tions for NSAIDs (without history of opioid prescriptions).
We calculated propensity scores for the receipt of an opioid
prescription (yes/no) using logistic regression and the
following variables: initial prescription year; age; sex;
black race; initial eGFR; body mass index; systolic BP; total
cholesterol; random glucose; smoking status; alcohol use;
cardiovascular disease; congestive heart failure; peripheral
artery disease; major depressive disorder; diabetes; hyper-
tension; osteoporosis; myalgias; insurance status; prescrip-
tion for gabapentinoids; and medications for hypertension,
dyslipidemia, and diabetes. Total cholesterol was included in
the propensity score as it is a risk factor for cardiovascular

disease and, in turn, hospitalization and death. Matching
was performed without replacement using caliper sizes of
0.001. Propensity scores were calculated once at the time of
medication initiation.

Statistical Analyses
We compared baseline characteristics across patients

using standardized mean differences. We used Cox pro-
portional hazards regression to estimate the association
between opioid MMEs and outcomes across eGFR, which
was modeled with linear splines using knots at 45, 60, and
90 ml/min per 1.73 m2. We included an interaction term
between category of MME and each spline piece of eGFR to
evaluate for differences in hazard ratios (HRs) at different
levels of eGFR, reporting interactions at a specific point.
Patients were followed until the event of interest, or
administratively censored on February 1, 2017. Individuals
were additionally censored if they developed cancer,
ESKD, or switched medication groups.
We conducted several sensitivity analyses. We compared

individuals with opioid prescriptions (without a history of
gabapentinoid prescriptions) to people with gabapenti-
noid prescriptions (without a history of opioid prescrip-
tions) as an alternative active comparator. In the
gabapentinoid analysis, individuals with opioid prescrip-
tions were matched 2:1 to individuals with gabapentinoid
prescriptions, using caliper sizes of 0.0001, and the
propensity score included the same variables as in the
primary analysis (except prescriptions for gabapenti-
noids). We performed an analysis on the propensity-
matched cohort defining medication exposure based only
on initial prescription and calculating eGFR once using
the outpatient serum creatinine measurement that was
most proximal to the initial prescription. We also ana-
lyzed the full study population without propensity
matching and adjusted for covariables included in the
propensity score. We performed a competing risk anal-
ysis for hospitalization, accounting for the competing
event of death using the method of Fine and Gray (26).
Finally, we repeated the primary analysis for risk of
hospitalization, censoring on last clinic visit to evaluate
for potential loss to follow-up.
All analyses were performed using Stata version 14.2

(StataCorp, College Station, TX). A P value ,0.05 was
considered statistically significant.

Results
Study Population and Opioid Characteristics in the
Propensity-Matched Cohort
There were 32,895 patients who received initial opioid

prescriptions and 37,525 who received NSAID prescrip-
tions during the study period. Close matches were suc-
cessfully identified for 23,123 individuals with opioid
prescriptions (Table 1). In the propensity-matched cohort
of 46,246 individuals, the mean (SD) age was 54 (16),
25,852 (56%) were women, and 1382 (3%) were of black
race. There were no meaningful differences in baseline
characteristics of patients with opioid and NSAID pre-
scriptions after propensity matching; however, the
matched patients receiving opiate prescriptions were
healthier than the full population of patients receiving
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opiate prescriptions (Supplemental Figures 1 and 2). The
median (interquartile range) number of opioid prescrip-
tions during follow-up was 2 (1–4) per person, and the
median (interquartile range) number of serum creatinine
measurements was 5 (2–10) per person. There were 25,172
initial opioid prescriptions for 1–59 MMEs, and 7723 initial
prescriptions for $60 MMEs. The most common initially
prescribed opioids were oxycodone, tramadol, hydroco-
done, and codeine (Figure 2A). There were increases in the
proportion of fentanyl, hydromorphone, and morphine in
the subsequent 167,509 prescriptions (Figure 2B).

Risk of Adverse Outcomes in the Propensity-Matched Cohort
In the propensity-matched cohort, there were 2457

deaths and 9147 first hospitalizations, corresponding to
12 deaths and 54 incident hospitalizations per 1000 person-
years (Table 2). Exposure to higher MMEs was associated
with higher risk of both death and hospitalization (Figure 3).
Compared with individuals with NSAID prescriptions and
at an eGFR of 80 ml/min per 1.73 m2, the HR for death was
1.70 (95%, CI 1.41 to 2.05) for 1–59 MME, and 2.25 (95% CI,
1.82 to 2.79) for $60 MMEs. Higher opioid doses were
associated with higher relative risk of death at lower levels

Table 1. Characteristics of Geisinger Health System patients at the time of prescription for an opioid or nonsteroidal anti-inflammatory
drug, before and after propensity matching

Covariables

Before Propensity Matching After Propensity Matching

People
Prescribed
Opioids

(n532,895)

People
Prescribed
NSAIDs

(n537,525)

Standardized
Mean

Difference

People
Prescribed
Opioids

(n523,123)

People
Prescribed
NSAIDs

(n523,123)

Standardized
Mean

Difference

Age, mean (SD) 57 (17) 52 (16) 35 54 (17) 54 (16) 21
Female (N [%]) 17,665 (54%) 21,375 (57%) 27 12,920 (56%) 12,932 (56%) 0
Black race (N [%]) 843 (3%) 1317 (4%) 26 674 (3%) 708 (3%) 21
Baseline eGFR

(mean in ml/min
per 1.73 m2 [SD])

84 (25) 92 (21) 233 89 (23) 89 (21) 1

Body mass index
(mean in kg/m2

[SD])

30.8 (7.7) 31.2 (7.4) 26 31.0 (7.6) 31.0 (7.1) 0

Systolic BP (mean in
mm Hg [SD])

128 (18) 125 (16) 15 127 (17) 127 (16) 1

Diastolic BP (mean in
mm Hg [SD])

74 (11) 75 (10) 29 75 (10) 75 (10) 25

HDL (mean in
mg/dl [SD])

50 (16) 51 (16) 27 51 (12) 51 (13) 23

Total cholesterol (mean
in mg/dl [SD])

183 (42) 190 (40) 218 187 (31) 186 (32) 0

Randomglucose (mean
in mg/dl [SD])

108 (35) 102 (28) 18 105 (31) 105 (31) 21

Alcohol consumption
(N [%])

13,147 (45%) 17,145 (51%) 212 11,193 (48%) 11,242 (49%) 0

Current cigarette use
(N [%])

6721 (20%) 7841 (21%) 21 5097 (22%) 5076 (22%) 0

Former cigarette use
(N [%])

10,340 (31%) 9955 (27%) 11 6845 (30%) 6811 (29%) 0

Antihypertensive
prescription (N [%])

18,509 (56%) 16,208 (43%) 26 11,299 (49%) 11,399 (49%) 21

Antidyslipidemic
prescription (N [%])

13,227 (40%) 11,982 (32%) 17 8035 (35%) 8212 (36%) 22

Antidiabetic
prescription (N [%])

6730 (20%) 5121 (14%) 18 3741 (16%) 3817 (17%) 21

Coronary artery
disease (N [%])

5560 (17%) 2251 (6%) 35 1921 (8%) 2027 (9%) 22

Congestive heart
failure (N [%])

1643 (5%) 377 (1%) 24 295 (1%) 349 (2%) 22

Cardiovascular
disease (N [%])

2544 (8%) 1098 (3%) 22 2907 (13%) 3092 (13%) 22

Peripheral artery
disease (N [%])

1154 (4%) 428 (1%) 16 361 (2%) 388 (2%) 21

Major depressive
disorder (N [%])

5153 (16%) 5816 (15%) 0 3775 (16%) 3768 (16%) 0

Diabetes (N [%]) 3676 (11%) 2441 (7%) 17 1899 (8%) 1945 (8%) 21
Hypertension (N [%]) 9205 (28%) 7484 (20%) 19 5543 (24%) 5570 (24%) 0
Osteoporosis (N [%]) 2319 (7%) 1925 (5%) 8 1419 (6%) 1438 (6%) 0
Myalgias (N [%]) 1792 (5%) 2317 (6%) 23 1358 (6%) 1369 (6%) 0
Amputations (N [%]) 90 (0%) 7 (0%) 7 35 (0%) 5 (0%) 4

Percentages reflect column-wide percentages. NSAIDs, nonsteroidal anti-inflammatory drugs.
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of eGFR. For example, compared with individuals with
NSAID prescriptions and at an eGFR of 40 ml/min per
1.73 m2, the HR for death for individuals with $60 MMEs
was 3.94 (95% CI, 2.70 to 5.75; P for point-wise interaction of
0.01, comparing eGFR 40 with 80 ml/min per 1.73 m2).
For the outcome of first hospitalization, compared with

individualswithNSAID prescriptions and eGFRof 80ml/min
per 1.73 m2, patients receiving prescriptions for 1–59
MME had 1.38-times higher risk (95% CI, 1.30 to 1.46), and
patients receiving prescriptions for $60 MMEs had
1.68-times higher risk (95% CI, 1.56 to 1.81). The risk of
hospitalization associated with opiate prescription did
not differ by level of eGFR. For example, compared with
individuals with NSAID prescriptions and at an eGFR of
40 ml/min per 1.73 m2, the HR for hospitalization for
individuals with $60 MMEs was 1.46 (95% CI, 1.05 to
2.02; P for interaction, 0.53).

Sensitivity Analyses
When compared with gabapentinoid prescriptions, risk

of death was higher for $60 MMEs (HR, 2.72; 95% CI, 1.71
to 4.34 at eGFR 80 ml/min per 1.73 m2), but there was no
significant difference in risk of death with lower opioid
doses (HR, 1.25; 95% CI, 0.81 to 1.94 for 1–59 MME). Risks
of hospitalization were higher for all opioid doses (HR,
1.22; 95% CI, 1.04 to 1.43 for 1–59 MME; HR, 1.54; 95% CI,
1.28 to 1.86 for$60MMEs) (Figure 4, Supplemental Figures
3 and 4, and Supplemental Table 2). Results from the
analyses using only baseline prescription status and eGFR
were consistent with the time-varying analyses, although
there was no difference in the association between opioid
prescription and adverse outcomes by eGFR (Supplemental
Figure 5). Results from fully adjusted models were consis-
tent with the primary analysis (Supplemental Figure 6).
Results of the competing risk analysis for hospitalization

Table 2. Death and hospitalization events by category of time-varying eGFR and medication status

Time-varying eGFR
eGFR

$90 ml/min
per 1.73 m2

eGFR $60
to ,90 ml/min
per 1.73 m2

eGFR $30
to ,60 ml/min
per 1.73 m2

eGFR
,30 ml/min
per 1.73 m2

Death
NSAID use: events 93 127 71 11
NSAID use: incident rates 4.6 (3.8–5.7) 9.2 (7.7–10.9) 27.7 (22.0–35.0) 93.8 (52.0–169.4)
Opiate use (,60 MMEs): events 175 303 195 45
Opiate use (,60 MMEs): incident rates 8.2 (7.1–9.5) 19.2 (17.2–21.5) 46.7 (40.6–53.7) 156.3 (116.7–209.3)
Opiate use ($60 MMEs): events 82 149 102 39
Opiate use ($60 MMEs): incident rates 9.8 (7.9–12.2) 26.1 (22.2–30.6) 106.7 (87.9–129.6) 388.4 (283.8–531.7)

Incident hospitalization
NSAID use: events 745 628 184 18
NSAID use: incident rates 48.4 (45.0–52.0) 57.3 (53.0–62.0) 100.7 (87.1–116.3) 400.4 (252.3–635.5)
Opiate use (,60 MMEs): events 1146 851 330 38
Opiate use (,60 MMEs): incident rates 65.8 (62.1–69.7) 71.0 (66.4–76.0) 115.3 (103.5–128.4) 266.8 (194.1–366.7)
Opiate use ($60 MMEs): events 451 335 93 15
Opiate use ($60 MMEs): incident rates 73.4 (66.9–80.5) 87.2 (78.4–97.1) 158.7 (129.5–194.5) 390.1 (235.2–647.1)

Ranges in parentheses refer to 95% confidence intervals. There were an additional 1065 deaths and 4313 hospitalizations that occurred
during follow-up when participants were prescribed neither opiates nor NSAIDs (9.8 deaths per 1000 person-years and 44.4 hospi-
talizations per 1000 person-years). NSAID, nonsteroidal anti-inflammatory drug; MMEs, daily oral morphine milligram equivalents.
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showing higher risk of hospitalization with higher pre-
scribed dose were weak or null at lower eGFR when
accounting for competing risk of death (Supplemental
Figure 7). Results from the analysis censoring on last clinic
date were similar to the primary analysis for risk of
hospitalization (Supplemental Figure 8).

Discussion
In this community-based cohort of patients receiving

care at a tertiary health system, we demonstrate higher
risk of death and hospitalization with opioid prescrip-
tions compared with other medications used to treat pain,
with the highest risks in people with lower eGFR. Risks
increased with higher dose of opioid. Coupled with pre-
vious studies demonstrating opioid use is highest in
patients with lower eGFR (13), our results suggest patients

with reduced eGFR constitute a particularly high-risk
population that merits targeting for education and harm-
mitigation efforts.
Literature on risks associated with opioid use in kidney

disease has largely focused on the dialysis population, and
little is known about predialysis CKD. In observational
studies on patients on dialysis, opioid use has been
associated with increased risk for altered mental status
(19), fractures (19,27), poor sleep (28), death (18), hospital-
ization (18), and dialysis discontinuation (18). In a pro-
spective cohort of 140,899 Medicare-covered patients
receiving hemodialysis in 2011, the risk of emergency
room visit or hospitalization for fracture increased by 4%
for every 60-mg increase in oral morphine equivalents (19).
In kidney transplant recipients, opioid prescriptions were
associated with increased mortality and allograft loss (29).
Our study expands the literature as one of the first to
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evaluate the risk of death and hospitalization across levels
of eGFR, with specific attention to patients with predialysis
reduced eGFR.
Opioids may lead to higher risk of death and hospital-

ization through increased risk for dependence, substance
use disorders, over-sedation, and respiratory depression
(30–36). Mental illness may also play a role, as it is often
associated with opioid misuse (37–39). People with kidney
disease may face even higher risks given that kidney
excretion of opioids is impaired with possible accumula-
tion and toxicity. (14,17,20,30,40,41) Higher endogenous
exposure may heighten associated risks such as hospital-
izations and risk of death (41). Of note, in this study, our
comparison medications may also not be benign: NSAIDs
are often discouraged in CKD, and gabapentin itself
undergoes kidney excretion.
There is minimal guidance on pain treatment in the

setting of CKD. For the general population, the Center
for Disease Control (CDC) and the American Society of
Interventional Pain Physicians (ASIPP) recommend initial
treatment with nonopioid pharmacologic therapy (such as
NSAIDs, acetaminophen, anticonvulsants, and serotonin-
NE reuptake inhibitors), and nonpharmacologic therapy
(such as exercise therapy, acupuncture, massage therapy,
and cognitive behavioral therapy) (42–44). Both the CDC
and ASIPP advocate for the use of the World Health
Organization’s three-step analgesic ladder, which catego-
rizes pain as mild, moderate, or severe as a way to guide
initiation and escalation of treatment (45). If opioids are
initiated for chronic pain, immediate-release formulations
are preferred over long-acting ones, and doses should not
exceed a ceiling of 90 MMEs per day (42–44).
Recommendations for patients with CKD are similar to

those in the general population, with the added guidance
for frequent monitoring of kidney function and reduction
in opioid dose as eGFR declines (42–44). However, optimal
dosing of opioids in the setting of CKD is unknown. Due to
uncertain pharmacokinetics in patients with CKD, some
experts recommend the preferential use of short-acting
opioids in CKD—that is, tramadol, oxycodone, and hydro-
morphone for moderate pain, and fentanyl and methadone
for severe pain—with avoidance of morphine, codeine,
hydrocodone, tapentadol, and meperidine (14,17,20,30,40).
However, there are limited data on tramadol and oxy-
codone in the setting of reduced kidney function (19). The
active metabolites of morphine and codeine are cleared by
kidney and have been shown to cause respiratory and
central nervous system depression, hypotension, myoclo-
nus, and seizures, as well as lethal intoxication in CKD
(30–36). Hydrocodone and tapentadol are not recom-
mended in CKD due to high reliance on kidney excretion
(85%–99%) (46,47).

Strengths and Limitations
Strengths of our study include a large data set that

maximized power and use of an active comparator with
propensity matching to ensure comparison groups were
as similar as possible other than their opioid prescription
status.We conducted sensitivity analyses using gabapentinoid
prescriptions as an alternative active comparator, an analysis
using only baseline prescription status and covariates, and one
for hospitalization using competing risk methodologies.

This study had several limitations, some of which are
inherent to electronic medical record data. We used ICD
codes to measure covariables, leaving the potential for
misclassification. Our exposure was defined using pre-
scription records, and we potentially missed prescriptions
from providers outside Geisinger and over-the-counter
NSAIDs. However, Geisinger patients tend to receive most
inpatient and outpatient care within the same system,
maximizing completeness of exposure ascertainment and
follow-up. Opioid exposure was determined by opioid
prescription and not pharmacy fill data. Propensity match-
ing served to minimize differences between groups but
may limit generalizability to the broader Geisinger Health
population receiving opioid prescriptions. Individuals
were matched on the presence of opioid prescription, not
on MME, to increase the number of individuals available to
match. We cannot fully account for reasons a medication
was selected for treatment (e.g., type of pain, frailty status,
risk of gastrointestinal bleeding). We did not update
information on covariates over time, only prescription
status and eGFR. We did not have information on cause of
death. As with all observational studies, residual confounding
is possible, and we cannot ascertain causality.
In conclusion, our study showed that opioid prescriptions

were associated with higher risk of death and hospitaliza-
tion compared with NSAID use, particularly in people with
reduced eGFR. The manifest clinical question is how to better
treat pain in a population with limited therapeutic options.
More research is needed on optimal opioid dosing in patients
with reduced kidney function, and on dosing and risks
associatedwith nonopioid therapies. For patientswith reduced
eGFR and opioid prescriptions, counseling about the possible
risks associated with opioids, promotion of nonpharmacologic
therapies, and regular consideration of whether the benefit of
pain control outweighs such risks is crucial.
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