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Abstract
Background and objectives Patients on hemodialysis frequently experience pain and may be particularly
vulnerable to opioid-related complications. However, data evaluating the risks of opioid use in patients on
hemodialysis are limited.
Design, setting, participants, & measurements Using the US Renal Data System, we conducted a cohort study
evaluating the association between opioid use (modeled as a time-varying exposure and expressed in
standardized oral morphine equivalents) and time to ﬁrst emergency room visit or hospitalization for altered
mental status, fall, and fracture among 140,899 Medicare-covered adults receiving hemodialysis in 2011. We
evaluated risk according to average daily total opioid dose (.60 mg, #60 mg, and per 60-mg dose increment) and
speciﬁc agents (per 60-mg dose increment).
Results The median age was 61 years old, 52% were men, and 50% were white. Sixty-four percent received opioids,
and 17% had an episode of altered mental status (15,658 events), fall (7646 events), or fracture (4151 events)
in 2011. Opioid use was associated with risk for all outcomes in a dose-dependent manner: altered mental status
(lower dose: hazard ratio, 1.28; 95% conﬁdence interval, 1.23 to 1.34; higher dose: hazard ratio, 1.67; 95% conﬁdence
interval, 1.56 to 1.78; hazard ratio, 1.29 per 60 mg; 95% conﬁdence interval, 1.26 to 1.33), fall (lower dose:
hazard ratio, 1.28; 95% conﬁdence interval, 1.21 to 1.36; higher dose: hazard ratio, 1.45; 95% conﬁdence interval,
1.31 to 1.61; hazard ratio, 1.04 per 60 mg; 95% conﬁdence interval, 1.03 to 1.05), and fracture (lower dose: hazard
ratio, 1.44; 95% conﬁdence interval, 1.33 to 1.56; higher dose: hazard ratio, 1.65; 95% conﬁdence interval, 1.44
to 1.89; hazard ratio, 1.04 per 60 mg; 95% conﬁdence interval, 1.04 to 1.05). All agents were associated with a
signiﬁcantly higher hazard of altered mental status, and several agents were associated with a signiﬁcantly higher
hazard of fall and fracture.
Conclusions Opioids were associated with adverse outcomes in patients on hemodialysis, and this risk was present
even at lower dosing and for agents that guidelines have recommended for use.
Clin J Am Soc Nephrol 13: 746–753, 2018. doi: https://doi.org/10.2215/CJN.09910917

Introduction
Pain is among the most commonly reported symptoms in patients on hemodialysis, with a prevalence of
up to 81% (1–3), and patients on dialysis report more
severe pain than the general population on average
(4,5). Despite evidence of the beneﬁt of opioid analgesics (6) and the availability of opioid prescribing
guidelines in ESKD (6–9), several studies have suggested that pain is inadequately treated in patients
on hemodialysis (10–16), and provider concern for
adverse drug effects may present a barrier to effective
pain management (10,13). However, it is plausible
that patients on hemodialysis may be especially
susceptible to opioid-related complications due to
multiple comorbidities, polypharmacy, superimposed
uremia, and reduced clearance by the kidney of active
drug metabolites, and therefore, caution in their use
may be warranted (10,17).
In the general population, opioids have been associated with mortality as well as altered mental status,
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falls, and fractures (18–22), which may be mediated by
the depressive effects of opioids on the respiratory
and central nervous system and their association with
decreased bone mineral density (22–26). Epidemiologic data regarding the risks of these major opioid
complications in patients on hemodialysis are limited
to three cohort studies, in which opioid use was
associated with all-cause mortality, dialysis discontinuation, hospitalization, and fracture (27,28); also,
opioid use was higher among those who experienced a
fall, but it was not an independent predictor of fall (29).
However, there is a paucity of literature quantifying the
risks of major adverse outcomes associated with opioid
use in the United States hemodialysis population and
examining their associations according to opioid dose or
agent.
Our research objective was to investigate the association between opioid dose and agent with risk of
major adverse outcomes (i.e., altered mental status,
fall, and fracture) in patients on hemodialysis in the
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United States. We hypothesized that opioids would be
associated with risk of these outcomes in a dose-dependent
manner and that the risks associated with the individual
opioid agents would align with guideline recommendations for opioid prescribing in patients on hemodialysis (i.e.,
agents recommended by guidelines would be associated with
less harm than agents for which guidelines have recommended cautious use or avoidance) (8,9).

Materials and Methods
Study Design and Population
We conducted a retrospective cohort study using data
from the US Renal Data System (USRDS) 2013 standard
analytic and Medicare payment ﬁles, which contain clinical
and billing data from 2011, including the Part D prescription
drug ﬁle. The University of California, San Francisco Committee on Human Research did not consider the study to
involve human subjects research.
The study population consisted of prevalent adult
Medicare-covered patients receiving chronic maintenance
hemodialysis with Part D coverage as of January 2011
(Figure 1). We also required Medicare coverage during
2010 to capture claims data for determining comorbidity
status. To maximize accuracy of exposure and outcome
ascertainment, we eliminated those with intermittent Part
D coverage; dual Veterans Affairs coverage; and no institutional, dialysis, or Part D medication claims in 2011.
We also eliminated those with missing body mass index to
have complete data for this potential confounding variable.
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Patients were also excluded from the cohort if any of the
following occurred in January 2011: death, kidney transplant, change in modality away from in-center hemodialysis (e.g., home hemodialysis or peritoneal dialysis),
uncertain/recovered function, loss to follow-up, withdrawal from dialysis, or loss of Part D coverage, which
precluded our ability to ascertain exposure status as of
February 2011.
Exposure Variables
Ascertainment of opioid exposure status was started in
January 2011, and the timing of outcome ascertainment was
delayed until February 2011 to allow for determination of
prior opioid exposure. We used a time-varying deﬁnition of
opioid exposure, in which a patient was considered to be
exposed during periods of opioid medication possession. Our
database was created such that there was a record for each
person for each day of observation. Using this database
structure, we were able to deﬁne continuous periods of
medication possession as the period starting from the date of
service of a prescription plus the number of days supplied
(30). For each prescription, we calculated an average daily
dose and converted this into standardized oral morphine
equivalents to account for differences in potency among
individual opioid agents (Supplemental Table 1) (31). Dosages of opioid and opioid/acetaminophen agents were
combined during periods of overlapping possession, and
we excluded values exceeding the 95th percentile of oral
morphine equivalents. Periods of opioid exposure were then
categorized as none (average daily total dose 0 mg), lower

Figure 1. | Flow diagram describing derivation of study cohort. BMI, body mass index; VA, Veterans Affairs. aPatients were additionally
excluded from the cohort if any of the following occurred in January 2011: death, kidney transplant, change in modality away from in-center
hemodialysis (e.g., home hemodialysis or peritoneal dialysis), uncertain/recovered function, loss to follow-up, withdrawal from dialysis, or loss
of Part D coverage, which precluded our ability to ascertain exposure status as of February 2011.
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dose (0, average daily total dose #60 mg in oral morphine
equivalents), or higher dose (average daily total dose .60 mg
in oral morphine equivalents) (22).
The predictor variables were time-updated category of
opioid dose use (none, lower, or higher), average daily total
opioid dose (expressed as a continuous variable and scaled per
60 mg oral morphine equivalents), and receipt of individual
opioid agents (i.e., hydrocodone, oxycodone, tramadol, codeine,
hydromorphone, fentanyl, morphine, or methadone; expressed
as a continuous variable and scaled per 60 mg oral morphine
equivalents). We selected these agents for evaluation, because
they were the most commonly used opioid agents in our cohort
and represented a spectrum of opioids for which guidelines
recommend use (e.g., hydromorphone, fentanyl, and methadone), use with caution (e.g., tramadol, hydrocodone, and
oxycodone), or avoidance (e.g., morphine and codeine) (8,9).
Outcome Variables
The outcome variables (examined separately) were ﬁrst
episode of altered mental status, fall, and fracture (of the hip,
femur, pelvis, leg, foot, arm, hand, or axial skeleton) requiring

an emergency room visit or hospitalization during 2011.
Using our continuous database structure, we were able to
assign speciﬁc events dates to the outcomes of interest. We
identiﬁed emergency room visits and hospitalizations using
the revenue, physician/supplier, and institutional claims
ﬁles. Outcome deﬁnitions were determined by International
Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM) diagnosis and Current Procedural Terminology codes (Supplemental Table 2). We included
hospitalizations in which the outcomes of interest were
designated as the primary diagnosis in the USRDS according to standard methodology (32) and emergency room
visits in which there was a code for the outcomes of interest.
Statistical Analyses
Baseline characteristics of the study cohort are presented
as mean6SD or median with 25th and 75th percentiles for
continuous variables and percentages for categorical variables. In Table 1, patients were categorized into the following
groups: no opioid use in 2011, lower dose (received only
lower doses in 2011), and higher dose (received at least one

Table 1. Baseline characteristics of 140,899 adults receiving hemodialysis with Medicare Part D coverage in 2011 by opioid dose
category
Characteristic

None,a n=50,775

Lower Dose,b n=57,411

Higher Dose,c n=32,713

Age, mean (SD), yr
Duration of ESKD, median (25–75th percentiles), yr
Sex, %
Men
Women
Race, %
White
Black
Other
Comorbidities, %
Cerebrovascular disease
Dementia
Depression
Seizures/epilepsy
Hypertension
Coronary artery disease
Congestive heart failure
Other cardiac disease
Dysrhythmia
Peripheral vascular disease
Chronic obstructive pulmonary disease
Diabetes mellitus
Liver disease
Cancer
Tobacco dependence
Alcohol dependence
Drug dependence
Opioid dependence
Inability to ambulate
Inability to transfer
Osteoporosis
Osteopenia
Body mass index, kg/m2, %
,20
20 to ,25
25 to ,30
$30

63 (15)
4 (2–7)

61 (15)
4 (2–7)

57 (15)
4 (2–7)

57
43

48
52

50
50

51
40
9

49
45
6

50
46
4

16
4
7
1
96
21
44
17
2
27
15
62
10
7
8
1
2
0.1
3
1
2
1

17
3
10
1
97
22
50
18
3
32
20
66
12
7
13
1
3
0.1
3
1
3
1

17
3
16
2
98
22
52
19
3
35
25
63
16
8
21
2
6
1
4
1
3
2

8
28
29
35

7
24
27
42

7
22
26
45

a

No opioid use in 2011.
Received only lower doses (0, average daily total dose #60 mg oral morphine equivalents) in 2011.
c
Received at least one higher dose (average daily total dose .60 mg oral morphine equivalents) in 2011.
b

11,453
3131
1074

Events
(n)

13
20
29

Rate
(per 100 PY)

1.00 (Reference)
1.28 (1.23 to 1.34)b
1.67 (1.56 to 1.78)b
1.29 (1.26 to 1.33)b

1.00 (Reference)
1.39 (1.23 to 1.57)b
1.18 (1.11 to 1.25)b
1.14 (1.01 to 1.29)b
1.37 (1.29 to 1.47)b
1.31 (1.25 to 1.38)b
1.48 (1.31 to 1.69)b
3.65 (2.12 to 6.30)b
1.40 (1.27 to 1.55)b

1.50 (1.42 to 1.50)b

1.00 (Reference)
1.59 (1.34 to 1.77)b
1.42 (1.34 to 1.50)b
1.27 (1.13 to 1.42)b

1.59 (1.50 to 1.68)b
1.34 (1.34 to 1.38)b
1.97 (1.68 to 2.19)b

5.05 (3.14 to 8.20)b
1.59 (1.42 to 1.68)b

Adjusted HR
(95% CI)

1.00 (Reference)
1.52 (1.46 to 1.58)b
2.17 (2.04 to 2.31)b

Crude HR
(95% CI)

5659
1534
453

Events
(n)

6
10
12

Rate
(per 100 PY)

2.19 (0.94 to 5.05)
1.19 (0.99 to 1.42)b

1.68 (1.59 to 1.87)b
1.19 (1.13 to 1.27)b
1.87 (1.59 to 2.31)b

1.00 (Reference)
1.27 (1.06 to 1.59)b
1.27 (1.19 to 1.42)b
1.27 (1.00 to 1.50)b

1.34 (1.34 to 1.42)b

1.00 (Reference)
1.50 (1.42 to 1.59)b
1.83 (1.67 to 2.02)b

Crude HR
(95% CI)

Fall

1.57 (0.64 to 3.83)
1.15 (0.99 to 1.32)

1.34 (1.27 to 1.41)b
1.13 (1.06 to 1.22)b
1.42 (1.19 to 1.69)b

1.00 (Reference)
1.02 (1.01 to 1.04)b
1.06 (0.96 to 1.17)
1.08 (0.92 to 1.28)

1.04 (1.03 to 1.05)b

1.00 (Reference)
1.28 (1.21 to 1.36)b
1.45 (1.31 to 1.61)b

Adjusted HR
(95% CI)

3052
848
251

Events (n)

3
5
6

Rate
(per 100 PY)

3.46 (1.27 to 9.69)b
1.27 (0.94 to 1.59)

1.59 (1.42 to 1.77)b
1.34 (1.19 to 1.42)b
2.19 (1.77 to 2.70)b

1.00 (Reference)
1.50 (1.13 to 1.87)b
1.27 (1.13 to 1.50)b
1.13 (0.89 to 1.42)

1.42 (1.34 to 1.50)b

1.00 (Reference)
1.53 (1.42 to 1.65)b
1.87 (1.64 to 2.12)b

Crude HR
(95% CI)

Fracture

2.94 (1.00 to 8.66)b
1.11 (0.90 to 1.38)

1.40 (1.32 to 1.48)b
1.25 (1.19 to 1.31)b
1.65 (1.41 to 1.92)b

1.00 (Reference)
1.03 (1.02 to 1.04)b
1.03 (0.90 to 1.18)
1.08 (0.87 to 1.34)

1.04 (1.04 to 1.05)b

1.00 (Reference)
1.44 (1.33 to 1.56)b
1.65 (1.44 to 1.89)b

Adjusted HR
(95% CI)

Results are adjusted for age, sex, race, duration on dialysis, network, body mass index, alcohol dependence, coronary artery disease, cancer, other cardiac disease, dysrhythmia, congestive heart
failure, cerebrovascular disease, diabetes, drug dependence, opioid dependence, hypertension, inability to ambulate, inability to transfer, chronic obstructive pulmonary disease, peripheral
vascular disease, tobacco dependence, liver disease, dementia, depression, seizures/epilepsy, osteoporosis, osteopenia, skilled nursing facility resident, medication burden, number of
hypertensive medications, and concomitant medications. PY, person-year; HR, hazard ratio; 95% CI, 95% conﬁdence interval.
a
Periods of lower-dose (0, average daily total dose #60 mg oral morphine equivalents) opioid exposure.
b
P value ,0.05.
c
Periods of higher-dose (average daily total dose .60 mg oral morphine equivalents) opioid exposure.

Opioid dose
Categorical
None
Lower dosea
Higher dosec
Continuous
Total opioid dose
(per 60 mg)
Opioid agent (per
60 mg)
Recommended
None
Hydromorphone
Fentanyl
Methadone
Use with caution
Hydrocodone
Oxycodone
Tramadol
Avoid
Codeine
Morphine

Opioid exposure

Altered Mental Status

Table 2. Risk of altered mental status, fall, and fracture among adults receiving hemodialysis with Medicare Part D coverage in 2011 by opioid dose and agent
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higher dose in 2011). Rates of each of the outcomes were
calculated for the overall follow-up time and with followup time stratiﬁed by opioid dose category (none, lower, or
higher), and they were expressed as the number of events per
100 person-years.
For each predictor and outcome pairing, we
constructed a Cox model using a time-varying deﬁnition
of opioid exposure to determine the hazard of each outcome during periods of lower dose compared with no
opioid use and periods of higher dose compared with no
opioid use. We also determined the hazard per 60-mg
increment in average daily total opioid dose and individual
opioid agent dose. We also performed an analysis of the
associations of the number of concomitant opioid agents
(one, two, and three or more versus none), accounting for
dose, with outcomes. Exposure was time lagged (i.e.,
ascertained from the prior day) for fall and fracture to
account for the possibility of effect/cause.
We accounted for potential confounders by adjusting for
baseline demographic characteristics (i.e., age and duration
on dialysis as continuous variables; sex, race [white, black, or
other], geographic location of the ESKD network as deﬁned
by US Census geographic divisions, and body mass index
[,20, 20 to ,25, 25 to ,30, or $30 kg/m2] as categorical
variables), comorbidities (i.e., alcohol dependence, coronary
artery disease, cancer, other cardiac disease, dysrhythmia,
congestive heart failure, cerebrovascular disease, diabetes,
drug dependence, opioid dependence, hypertension, inability to ambulate, inability to transfer, chronic obstructive
pulmonary disease, peripheral vascular disease, tobacco
dependence, liver disease, dementia, depression, seizures/
epilepsy, osteoporosis, osteopenia, and skilled nursing facility resident as binary variables, indicating the presence or
absence of each comorbidity), and number of total unique
medications (zero to one, two to three, four to ﬁve, six to
seven, or eight or more) and antihypertensives (zero, one,
two, or three or more) prescribed at baseline as categorical
variables. Comorbidities were determined to be present if
they appeared on the USRDS Medical Evidence Report or if
an appropriate ICD-9-CM diagnosis or procedure code was
present on two outpatient claims (on different days) or one
inpatient claim during 2010 in the institutional claims or
physician/supplier ﬁles (Supplemental Table 3) (33–36). We
also controlled for use of concomitant medications that might
inﬂuence risk of the outcomes (e.g., sedative/hypnotics) as a
time-varying covariate.
Patients were censored at the time of death, receipt of a
kidney transplant, change in modality away from in-center
hemodialysis (e.g., home hemodialysis or peritoneal dialysis),
uncertain/recovered function, withdrawal from dialysis, loss
to follow-up, discontinuation of Part D coverage, or end of
the study period. During every calendar year, there is a
Medicare Part D coverage gap (i.e., “donut hole”), which
represents a gap in coverage that occurs after the initial
coverage limit has been exceeded but before catastrophic
coverage applies (37). The Part D program offers a lowincome subsidy, which provides full or partial coverage
during the coverage gap, and lack of a low-income subsidy
has been associated with lower medication adherence and
persistence in patients with ESKD (38). Thus, we performed a
sensitivity analysis restricting to patients who received the
low-income subsidy and would be incentivized to obtain all

of their prescriptions with Medicare Part D (39). We also
performed a sensitivity analysis using a new user approach
(28), in which we excluded patients with an opioid prescription from January 1, 2011 to March 31, 2011 and evaluated
associations between opioid use and outcomes during the
remainder of 2011. We performed subgroup analyses by
age, sex, race, and dialysis duration. Testing for statistical
signiﬁcance was two tailed, and P,0.05 was considered
signiﬁcant. Analyses were performed using SAS version 9.4
(SAS Institute, Inc., Cary, NC).

Results
Demographics, Opioid Use, and Incidence of Outcomes
Our cohort consisted of 140,899 Medicare-covered adults
receiving in-center hemodialysis with Part D coverage in
2011 (Figure 1). The median age of the cohort was 61 years
old (25th–75th percentiles, 51–72 years old), 52% were men,
and 50% were white. Opioid use was associated with
younger age, women, black race, higher body mass index,
and higher prevalence of comorbidities (Table 1).
Opioids were frequently prescribed, with 90,124 (64%)
patients receiving opioid analgesics in 2011 and 32,730
(23%) receiving at least one high-dose prescription. The
prevalence of use of the individual agents of interest was as
follows: hydrocodone (43%), oxycodone (22%), tramadol
(15%), codeine (7%), hydromorphone (3%), fentanyl (3%),
morphine (2%), and methadone (1%).
Seventeen percent of patients (23,715) had an episode of
altered mental status, fall, or fracture in 2011, and 11%
(15,658 events), 5% (7,646 events), and 3% (4,151 events)
had an episode of altered mental status, fall, and fracture in
2011, respectively. The overall rates of ﬁrst episode of altered
mental status, fall, and fracture in the cohort were 15, 7,
and 4 per 100 person-years, respectively. The rates of these
adverse outcomes were highest during periods of possession
of higher doses of opioids followed by periods of possession
of lower doses and then, periods of nonuse: altered mental
status (29, 20, and 13 per 100 person-years), fall (12, 10, and
6 per 100 person-years), and fracture (6, 5, and 3 per 100
person-years).
Associations between Total Opioid Dose and Outcomes
Compared with no opioid use, lower- and higher-dose
opioid use was associated with higher hazard of altered
mental status (adjusted hazard ratio [HR], 1.28 for lower dose;
95% conﬁdence interval [95% CI], 1.23 to 1.34; P,0.001 and
HR, 1.67 for higher dose; 95% CI, 1.56 to 1.78; P,0.001), fall
(HR, 1.28 for lower dose; 95% CI, 1.21 to 1.36; P,0.001 and HR,
1.45 for higher dose; 95% CI, 1.31 to 1.61; P,0.001), and
fracture (HR, 1.44 for lower dose; 95% CI, 1.33 to 1.56; P,0.001
and HR, 1.65 for higher dose; 95% CI, 1.44 to 1.89; P,0.001)
(Table 2). Each 60-mg increment in dose (in standardized oral
morphine equivalents) of any opioid was associated with a
29% higher hazard of altered mental status (95% CI, 26% to
33%; P,0.001), 4% higher hazard of fall (3%–5%; P,0.001),
and 4% higher hazard of fracture (4%–5%; P,0.001).
Associations between Individual Opioid Agents and
Outcomes
All individual agents were associated with a signiﬁcantly
higher hazard of altered mental status ranging from 14% to
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365% per 60 mg (Table 2). Hydromorphone, hydrocodone, oxycodone, and tramadol were associated with a
signiﬁcantly higher risk of fall (2%–42% higher hazard
per 60 mg), and hydromorphone, hydrocodone, oxycodone, tramadol, and codeine were associated with a
signiﬁcantly higher risk of fracture (3%–294% higher
hazard per 60 mg). For altered mental status, fall, and
fracture, the highest hazards were associated with
codeine, a medication for which guidelines recommend
avoidance.
Additional Analyses
The magnitude of the associations was similar in the
sensitivity analysis restricted to patients with the lowincome subsidy (Supplemental Table 4). In the new user
analysis, the magnitude of the associations was stronger
(Supplemental Table 5). The associations were similar
among users of one, two, and three or more concomitant
opioid agents accounting for opioid dose (Supplemental
Table 6). The relative risk of altered mental status associated with opioid use is greater for nonblacks than blacks
(Supplemental Table 7).

Discussion
In our study of patients on hemodialysis with Medicare
Part D coverage, we observed that opioid use was common
and associated with risk for altered mental status, fall, and
fracture in a dose-dependent manner, and the risk was
present even when patients were not prescribed high doses.
The relative risk of altered mental status associated with
opioid use was higher among nonblacks than blacks. The
magnitude of the associations was larger in the new user
analysis, consistent with prior literature in which the risks
of opioids were most pronounced in the time period
immediately after onset of use (22,40). We also observed
that all agents were associated with altered mental status,
and several agents were associated with fall and fracture.
Notably, even agents recommended for use in this population were associated with risk for adverse outcomes.
Our data are consistent with the limited available
epidemiologic evidence that has suggested that patients
on hemodialysis receiving opioids are at higher risk of
major complications. In a study of approximately 150,000
United States patients on hemodialysis in the USRDS,
opioid use was associated with all-cause mortality, dialysis
discontinuation, and hospitalization (28). Our analysis, in
which we focused on outcomes that could be temporally
related to opioid use, is complementary to this study.
Among patients on hemodialysis, opioid use has been
associated with altered mental status in patient reports
(41,42), and opioid medications were associated with a higher
adjusted risk of hip and other fractures in an international
study of 12,782 patients on hemodialysis (27). Our study
observed that opioid use was associated with risk for fall
in contrast to a study of 308 Belgian patients on hemodialysis,
in which opioid use was higher among those who experienced a fall but was not independently associated with
fall (29). The discrepant ﬁndings may be due to differences in study population, sample size, and methodology
(e.g., exposure and outcome ascertainment or analytic
approach).
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Despite the high prevalence of pain among patients on
hemodialysis (1–3), studies of the efﬁcacy and safety of
opioid medications in this population are scarce, and
clinical practice guidelines for prescribing opioids in the
setting of dialysis are on the basis of limited pharmacokinetic and anecdotal data (4,43). Nonetheless, recommendations consistently advise avoidance of morphine and
codeine, which are converted to active metabolites that
accumulate in the setting of kidney failure, leading to adverse
effects, such as central nervous system and respiratory
depression (8,9,43,44). In particular, both are metabolized
to morphine-6-glucuronide, which is more potent than
morphine itself, equilibrates slowly across the blood-brain
barrier, and may result in prolonged sedation (4,43,45).
Guidelines recommend that hydrocodone, oxycodone, and
tramadol be used with caution given that their pharmacokinetic proﬁle has not been well established in the setting of
kidney failure (4,8,9,46,47). Fentanyl and methadone are
thought to be relatively safe, because they are converted to
inactive metabolites, but they require management and
careful monitoring by experienced practitioners (44,48).
Hydromorphone is thought to be better tolerated than
morphine among those with kidney impairment (49),
and although its active metabolite, hydromorphone-3glucuronide, is excreted by the kidneys, it is rapidly dialyzed,
which may make it a safe choice for patients on hemodialysis
(4,43).
In our study, prescription of morphine was uncommon,
suggesting that providers are following recommendations
to avoid its use. However, despite the guidance to avoid
codeine, its use was more common than recommended
agents. Our results support the recommendation to avoid
morphine and codeine, because receipt of these agents was
associated with adverse outcomes. Hydrocodone, oxycodone, and tramadol were the most commonly used agents,
and our results also support the recommendation to use
these agents with caution, because they were each associated with all of the adverse outcomes. However, despite
guidance recommending hydromorphone, fentanyl, and
methadone, use of these agents was relatively uncommon,
and they were also associated with adverse outcomes.
Our study has several limitations. Given that our study
was observational, we cannot exclude the possibility of
confounding by indication. However, we controlled for
many important covariates, including demographics, comorbidities, medication burden, and potentially confounding concomitant medications (e.g., sedatives/hypnotics) to
mitigate this concern. Opioid exposure was determined on
the basis of Medicare Part D claims data, and previous
work in the USRDS has shown the accuracy of the Medicare
Part D claims to ascertain medication prescriptions (50).
However, we do not know with certainty whether patients
took their prescribed medications and the exact time
period over which medications were consumed. Additionally,
we were unable to distinguish scheduled versus as-needed
dosing. Ascertainment of the outcomes was limited by the
use of ICD-9-CM codes. However, it is unlikely that
misclassiﬁcation of opioid exposure would differ by outcome or that misclassiﬁcation of the outcome would differ
by opioid exposure. To the extent that nondifferential
misclassiﬁcation occurred, it would be expected to bias the
results to the null, and therefore, our ﬁndings may
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represent a conservative estimate. Although we found that
opioid prescription was common, we lacked information
about the clinical context for the prescriptions (e.g., speciﬁc
indications and level of pain), and therefore, we are unable to
comment on the adequacy of pain management in our cohort.
Finally, we are unable to determine whether the different
associations by race are due to biologic factors, residual confounding, or chance, and these associations warrant further
investigation. Strengths of our study are the large sample size
and detailed medication data contained in the Medicare Part
D claims, which enabled investigation of associations according to opioid dose and speciﬁc agents.
Pain is a highly prevalent symptom in patients on
hemodialysis (1–3), and this population may be particularly vulnerable to complications related to opioid use. We
observed that opioids were associated with a signiﬁcantly
higher risk of altered mental status, fall, and fracture in
patients receiving hemodialysis, even at lower dosing and
for agents recommended by guidelines. Thus, opioid use in
patients on hemodialysis may not be as safe as guidelines
suggest, and the beneﬁt-to-risk ratio of their use in this
population should be carefully considered. Future research
and strategies to predict and mitigate the risks of opioid use
in patients on hemodialysis are warranted.
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Supplemental Table 1: Equianalgesic Dosing Calculations
Generic Name
Route
BUPRENORPHINE
PATCH,
TRANSDERMAL
WEEKLY
BUPRENORPHINE HCL AMPUL (ML)
BUPRENORPHINE HCL TABLET, SUBLINGUAL
BUTORPHANOL
AEROSOL, SPRAY
TARTRATE
(ML)
BUTORPHANOL
VIAL (SDV,MDV OR
TARTRATE
ADDITIVE) (ML)
CODEINE SULF
TABLET
FENTANYL
PATCH,
TRANSDERMAL 72
HOURS
FENTANYL CITRATE
LOZENGE ON A
HANDLE
FENTANYL CITRATE
TABLET,
EFFERVESCENT
FENTANYL CITRATE
TABLET, SUBLINGUAL
FENTANYL
AMPUL (ML)
CITRATE/PF
FENTANYL
VIAL (SDV,MDV OR
CITRATE/PF
ADDITIVE) (ML)
HYDROMORPHONE
LIQUID (ML)
HCL
HYDROMORPHONE
SUPPOSITORY,
HCL
RECTAL
HYDROMORPHONE
TABLET
HCL
HYDROMORPHONE
TABLET, EXTENDED
HCL
RELEASE 24 HR
HYDROMORPHONE
VIAL (SDV,MDV OR
HCL
ADDITIVE) (ML)
HYDROMORPHONE
AMPUL (ML)
HCL/PF
HYDROMORPHONE
DISPOSABLE SYRINGE
HCL/PF
(ML)
HYDROMORPHONE
VIAL (SDV,MDV OR
HCL/PF
ADDITIVE) (ML)
MEPERIDINE HCL
SOLUTION, ORAL
MEPERIDINE HCL
TABLET
MEPERIDINE HCL
VIAL (SDV,MDV OR
ADDITIVE) (ML)
MEPERIDINE HCL/PF
AMPUL (ML)
3

Oral Morphine Equivalents
Multiply dose in mcg/hr by 2.2

75
38.8
15
15
0.1
Multiply dose in mcg/hr by 2.7

Multiply dose in mcg by 0.1
Multiply dose in mcg by 0.1
Multiply dose in mcg by 0.1
Multiply dose in mcg by 0.2
Multiply dose in mcg by 0.2
5
5
5
5
17.5
17.5
17.5
17.5
0.1
0.1
0.4
0.4
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MEPERIDINE HCL/PF
MEPERIDINE HCL/PF
METHADONE HCL
METHADONE HCL
METHADONE HCL
MORPHINE SULFATE
MORPHINE SULFATE
MORPHINE SULFATE

MORPHINE SULFATE
MORPHINE SULFATE
MORPHINE SULFATE
MORPHINE SULFATE
MORPHINE SULFATE
MORPHINE SULFATE
NALBUPHINE HCL
OXYCODONE HCL
OXYCODONE HCL
OXYCODONE HCL
OXYCODONE HCL
OXYCODONE HCL
OXYMORPHONE HCL
OXYMORPHONE HCL
TAPENTADOL HCL
TRAMADOL HCL
TRAMADOL HCL
TRAMADOL HCL
TRAMADOL HCL

DISPOSABLE SYRINGE
(ML)
VIAL (SDV,MDV OR
ADDITIVE) (ML)
CONCENTRATE, ORAL
SOLUTION, ORAL
TABLET
AMPUL (ML)
CAPSULE, EXTENDED
RELEASE PELLETS
CAPSULE,EXTENDED
RELEASE
MULTIPHASE 24HR
DISPOSABLE SYRINGE
(ML)
SOLUTION, ORAL
SUPPOSITORY,
RECTAL
TABLET
TABLET, EXTENDED
RELEASE
VIAL (SDV,MDV OR
ADDITIVE) (ML)
AMPUL (ML)
CAPSULE (HARD,
SOFT, ETC.)
CONCENTRATE, ORAL
SOLUTION, ORAL
TABLET
TABLET, EXTENDED
RELEASE 12 HR
TABLET
TABLET, EXTENDED
RELEASE 12 HR
TABLET
TABLET
TABLET, EXTENDED
RELEASE 24 HR
TABLET, RAPID
DISSOLVE
TABLET,EXTENDED
RELEASE
MULTIPHASE 24 HR

4

0.4
0.4
4.7
4.7
4.7
3
1
1

3
1
1
1
1
3
3
1.5
1.5
1.5
1.5
1.5
3
3
0.4
0.2
0.2
0.2
0.2
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ACETAMINOPHEN
WITH CODEINE
ACETAMINOPHEN
WITH CODEINE
HYDROCODONE
BIT/ACETAMINOPHEN
HYDROCODONE
BIT/ACETAMINOPHEN
HYDROCODONE
BIT/ACETAMINOPHEN
OXYCODONE
HCL/ACETAMINOPHEN
OXYCODONE
HCL/ACETAMINOPHEN
OXYCODONE
HCL/ACETAMINOPHEN
PENTAZOCINE
HCL/ACETAMINOPHEN
PROPOXYPHENE/ACET
AMINOPHEN
TRAMADOL
HCL/ACETAMINOPHEN

ELIXIR

0.1

TABLET

0.1

CAPSULE (HARD,
SOFT, ETC.)
SOLUTION, ORAL

1.2

TABLET

1.2

CAPSULE (HARD,
SOFT, ETC.)
SOLUTION, ORAL

1.5

TABLET

1.5

TABLET

0.6

TABLET

0.15

TABLET

0.2

5

1.2

1.5
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Supplemental Table 2: International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) Diagnosis and Current Procedural Terminology (CPT) Codes for
Altered Mental Status, Fall, and Fracture Ascertainment
Outcome
ICD-9-CM
CPT
Altered mental 292.11, 292.12, 292.2, 292.81, 292.84,
status
292.89, 292.9, 293.0, 293.1, 298.9,
348.30, 348.39, 349.82, 760.72,
760.77, 780.02, 780.09, 780.1, 780.97
Fall

E880.0, E880.1, E880.9, E884.9,
E884.2, E884.3, E884.4, E884.5,
E884.6, E885.0, E885.9, E888.0,
E888.1, E888.8, E888.9

Fracture
Hip/femur

733.14, 733.15, 820.xx, 821.xx

Pelvis

808.xx

Leg/foot

733.16 (path tibia), 822.xx (patella),
823.xx (tibia & fibula), 824.xx (ankle),
825.xx (tarsal, metatarsal), 826.xx
(phalanges)

Arm/hand

733.11 (path humerus), 733.12 (path
radius), 812.xx (humerus), 813.xx
(radius & ulna), 814.xx (carpal bone,
wrist), 815.xx (metacarpal), 816.xx
(phalanges), 817.xx (multiple)

6

27125, 27220, 27222, 27226, 27227,
27228, 27230, 27232, 27235, 27236,
27238, 27240, 27244, 27245, 27246,
27248, 27254, 27500, 27501, 27502,
27503, 27506, 27507, 27508, 27509,
27510, 27511, 27513, 27514
27190, 27193, 27194, 27215, 27216,
27217, 27218, 27200, 27202
27350, 27520, 27524, 27530, 27532,
27535, 27536, 27538, 27540, 27750,
27752, 27756, 27758, 27759, 27760,
27762, 27766, 27767, 27768, 27769,
27780, 27781, 27784, 27786, 27788,
27792, 27808, 27810, 27814, 27816,
27818, 27822, 27823, 27824, 27825,
27826, 27827, 27828, 28315, 28400,
28405, 28406, 28415, 28420, 28430,
28435, 28436, 28445, 28450, 28455,
28456, 28465, 28470, 28475, 28476,
28485, 28490, 28495, 28496, 28505,
28510, 28515, 28525, 29851, 29855,
29856
23600, 23605, 23610, 23615, 23616,
23620, 23625, 23630, 23665, 23670,
23675, 23680, 24500, 24505, 24506,
24510, 24515, 24516, 24530, 24531,
24535, 24536, 24538, 24540, 24542,
24545, 24546, 24560, 24565, 24566,
24570, 24575, 24576, 24577, 24579,
24581, 24582, 24583, 24585, 24586,
24587, 24588, 24620, 24625, 24635,
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24650, 24655, 24660, 24665, 24666,
24670, 24675, 24680, 24685, 25500,
25505, 25510, 25514, 25515, 25520,
25525, 25526, 25530, 25535, 25540,
25541, 25545, 25560, 25565, 25570,
25574, 25575, 25600, 25604, 25605,
25606, 25607, 25608, 25609, 25622,
25624, 25628, 25630, 25635, 25645,
25650, 25651, 25652, 25680, 25685,
26600, 26605, 26607, 26608, 26615,
26645, 26650, 26665, 26720, 26725,
26727, 26735, 26740, 26742, 26746,
26750, 26755, 26756, 26765, 29847
21800, 21820, 23500, 23505, 23515,
23570, 23575, 23585

Axial

807.0x-807.1x, 807.2-807.3
(ribs/sternum); 810.xx, 811.xx
(clavicle, scapula)
Fracture for a given type required the presence of both an ICD-9-CM diagnosis code and CPT code.15
In order to maximize the ability to ascertain incident fractures, we excluded vertebral fractures and
required that no fracture of a given type occurred within the previous 30 days.6
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Supplemental Table 3: International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) Diagnosis and Procedure Codes for Comorbidity Ascertainment
Comorbidity
ICD-9 Codes
Alcohol dependence
291.x, 303.x, 305.x
Coronary artery disease 00.66, 36.0x, 410.x, 411.x, 413.x
Cancer
140.x-165.x, 170.x-172.x, 174.x, 175.x, 180.x-209.x, 238.6, 273.3
Other cardiac disease
v42.2, v43.3, 394.x-397.1, 424.x, 746.3-746.6
Dysrhythmia
37.7x, 37.8x, 37.9x, v45.00, v45.01, v45.02, v45.09, v53.31, v53.32,
426.x, 427.0, 427.1, 427.20, 427.3x, 427.4x, 427.81, 427.9, 996.01,
996.04
Congestive heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.13, 404.91, 428.x
Cerebrovascular disease 433.x, 434.x, 435.x, 436.00, 437.x, 438.x
Diabetes
249.x, 250.x, 357.2, 362.0x
Drug dependence
292.x, 304.x, 305.x
Opioid dependence
304.x, 305.5
Hypertension
401.0, 401.1, 401.9, 402.x, 403.x, 404.x, 405.x
Chronic obstructive
490, 491.x-496
pulmonary disease
Peripheral vascular
38.03, 38.04, 38.05, 38.08, 38.33-38.48, 39.22-39.29, v43.4, 440.2x,
disease
440.3x, 440.4x, 441.x, 443.x, 445.x, 447.10, 557.10, 557.90
Tobacco dependence
305.1x
Liver disease
v42.7, 070.x, 456.1, 456.21, 570-573.x
Dementia
290.x, 294.1x, 331.x
Depression
296.2x, 296.3x, 296.5x, 296.82, 300.40, 301.12, 309.0, 309.10, 311
Seizures/epilepsy
345.x
Osteoporosis
731.0, 733.0, 733.00, 733.01, 733.02, 733.03, 733.09, 733.7
Osteopenia
733.90
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Supplemental Table 4: Risk of Altered Mental Status, Fall, and Fracture Among Adults Receiving
Hemodialysis with Medicare Part D Coverage in 2011 by Opioid Dose and Agent (Low-Income
Subsidy Sensitivity Analysis)
Altered Mental Status
Fall
Fracture
HR (95% CI)
p-value
HR (95% CI)
p-value
HR (95% CI)
p-value
Opioid Dose
Categorical:
None
1.00 (ref)
1.00 (ref)
1.00 (ref)
a
Lower Dose
1.23 (1.18-1.29) <.001 1.24 (1.16-1.32) <.001 1.43 (1.31-1.55) <.001
Higher Doseb
1.63 (1.53-1.75) <.001 1.41 (1.27-1.57) <.001 1.66 (1.44-1.92) <.001
Continuous:
Total Opioid Dose
(per 60 mg)

1.27 (1.24-1.31)

<.001

1.04 (1.03-1.05)

Opioid Agent
(per 60 mg)
Recommended:
None
Hydromorphone
Fentanyl
Methadone

1.00 (ref)
1.39 (1.23-1.57)
1.15 (1.07-1.23)
1.14 (1.01-1.29)

<.001
<.001
0.04

1.00 (ref)
1.02 (0.99-1.04)
1.02 (0.92-1.14)
1.12 (0.96-1.31)

Use with Caution:
Hydrocodone
Oxycodone
Tramadol

1.34 (1.25-1.43)
1.29 (1.23-1.36)
1.43 (1.25-1.62)

<.001
<.001
<.001

1.32 (1.26-1.40)
1.13 (1.05-1.22)
1.34 (1.11-1.63)

<.001

1.04 (1.04-1.05)

<.001

0.16
0.63
0.15

1.00 (ref)
1.03 (1.02-1.04)
1.02 (0.88-1.19)
1.06 (0.84-1.34)

<0.001
0.74
0.63

<.001
0.001
0.003

1.39 (1.30-1.47)
1.27 (1.20-1.32)
1.60 (1.35-1.91)

<.001
<.001
<.001

Avoid:
Codeine
3.80 (2.17-6.64) <.001 1.22 (0.46-3.17)
0.69
3.05 (0.96-9.57)
0.06
Morphine
1.39 (1.25-1.53) <.001 1.17 (1.01-1.36)
0.04
1.07 (0.84-1.37)
0.58
Abbreviations: HR = hazard ratio, CI = confidence interval
a
Periods of lower dose (0 < average daily total dose ≤60 mg oral morphine equivalents) opioid exposure
b
Periods of higher dose (average daily total dose >60 mg oral morphine equivalents) opioid exposure
Based on 108,901 (77%) of the cohort that received the low-income subsidy for the entire study duration.
Results are adjusted for age, sex, race, duration on dialysis, network, body mass index, alcohol dependence,
coronary artery disease, cancer, other cardiac disease, dysrhythmia, congestive heart failure,
cerebrovascular disease, diabetes, drug dependence, opioid dependence, hypertension, inability to
ambulate, inability to transfer, chronic obstructive pulmonary disease, peripheral vascular disease, tobacco
dependence, liver disease, dementia, depression, seizures/epilepsy, osteoporosis, osteopenia, skilled
nursing facility resident, medication burden, number of hypertensive medications, and concomitant
medications.
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Supplemental Table 5: Risk of Altered Mental Status, Fall, and Fracture Among Adults Receiving
Hemodialysis with Medicare Part D Coverage in 2011 by Opioid Dose and Agent (New User
Analysis)
Altered Mental Status
Fall
Fracture
HR (95% CI)
p-value
HR (95% CI)
p-value
HR (95% CI)
p-value
Opioid Dose
Categorical:
None
1.00 (ref)
1.00 (ref)
1.00 (ref)
a
Lower Dose
2.10 (1.91-2.31)
<.001
1.66 (1.44-1.91)
<.001 2.31 (1.95-2.75) <.001
Higher Doseb
2.95 (2.39-3.65)
<.001
1.78 (1.22-2.61)
0.003 1.76 (1.04-3.00)
0.04
Continuous:
Total Opioid
2.08 (1.94-2.23)
<.001
1.53 (1.41-1.64)
<.001 1.63 (1.53-1.74) <.001
Dose (per 60 mg)
Abbreviations: HR = hazard ratio, CI = confidence interval
a
Periods of lower dose (0 < average daily total dose ≤60 mg oral morphine equivalents) opioid exposure
b
Periods of higher dose (average daily total dose >60 mg oral morphine equivalents) opioid exposure
Results are adjusted for age, sex, race, duration on dialysis, network, body mass index, alcohol dependence,
coronary artery disease, cancer, other cardiac disease, dysrhythmia, congestive heart failure,
cerebrovascular disease, diabetes, drug dependence, opioid dependence, hypertension, inability to
ambulate, inability to transfer, chronic obstructive pulmonary disease, peripheral vascular disease, tobacco
dependence, liver disease, dementia, depression, seizures/epilepsy, osteoporosis, osteopenia, skilled
nursing facility resident, medication burden, number of hypertensive medications, and concomitant
medications.
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Supplemental Table 6: Risk of Altered Mental Status, Fall, and Fracture Among Adults Receiving
Hemodialysis with Medicare Part D Coverage in 2011 by Number of Concomitant Opioid Agents
Accounting for Dose
Altered Mental Status
Fall
Fracture
HR (95% CI)
p-value
HR (95% CI)
p-value
HR (95% CI)
p-value
Total Opioid Dose (per 60 mg)
Concomitant Number of Opioid Medications
1
1.31 (1.27-1.36) <.001
1.04 (1.03-1.04)
<.001
1.04 (1.04-1.05)
<.001
2
1.27 (1.21-1.32) <.001
1.13 (1.11-1.16)
<.001
1.13 (1.10-1.17)
<.001
≥3
1.39 (1.22-1.59) <.001
1.04 (0.82-1.32)
0.75
1.02 (0.74-1.43)
0.89
Abbreviations: HR = hazard ratio, CI = confidence interval
a
Periods of lower dose (0 < average daily total dose ≤60 mg oral morphine equivalents) opioid exposure
b
Periods of higher dose (average daily total dose >60 mg oral morphine equivalents) opioid exposure
Results are adjusted for age, sex, race, duration on dialysis, network, body mass index, alcohol dependence,
coronary artery disease, cancer, other cardiac disease, dysrhythmia, congestive heart failure,
cerebrovascular disease, diabetes, drug dependence, opioid dependence, hypertension, inability to
ambulate, inability to transfer, chronic obstructive pulmonary disease, peripheral vascular disease, tobacco
dependence, liver disease, dementia, depression, seizures/epilepsy, osteoporosis, osteopenia, skilled
nursing facility resident, medication burden, number of hypertensive medications, and concomitant
medications.
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Supplemental Table 7: Risk of Altered Mental Status, Fall, and Fracture Among Adults Receiving Hemodialysis with Medicare
Part D Coverage in 2011 by Opioid Dose and Agent (Subgroup Analyses)
Altered Mental Status
Fall
Fracture
Lower Dosea Higher Doseb p-value Lower Dosea Higher Doseb p-value Lower Dosea Higher Doseb p-value
interinterintervs. None
vs. None
vs. None
vs. None
vs. None
vs. None
HR (95% CI) HR (95% CI)
action HR (95% CI) HR (95% CI)
action HR (95% CI) HR (95% CI)
action
Age (years)
≥65
1.28
1.57
1.22
1.33
1.35
1.66
(1.20-1.35)
(1.42-1.75)
(1.12-1.33)
(1.13-1.57)
(1.21-1.50)
(1.37-2.02)
0.46
0.24
0.32
<65
1.28
1.71
1.33
1.49
1.49
1.53
(1.21-1.36)
(1.58-1.86)
(1.22-1.44)
(1.32-1.69)
(1.33-1.68)
(1.28-1.84)
Sex
Male
Female

Race
White
Black
Other

1.28
(1.20-1.36)
1.29
(1.22-1.36)

1.60
(1.45-1.76)
1.72
(1.58-1.88)

1.33
(1.26-1.41)
1.20
(1.13-1.27)
1.62
(1.29-2.60)

1.85
(1.70-2.01)
1.42
(1.28-1.58)
1.83
(1.29-2.60)

0.52

1.32
(1.21-1.45)
1.26
(1.17-1.36)

1.64
(1.42-1.90)
1.32
(1.15-1.51)

<.001

1.29
(1.20-1.40)
1.22
(1.11-1.34)
1.76
(1.37-2.26)

1.45
(1.28-1.65)
1.41
(1.19-1.66)
1.96
(1.19-3.24)

0.07

1.55
(1.37-1.76)
1.37
(1.24-1.52)

1.72
(1.40-2.12)
1.60
(1.35-1.91)

0.30

0.09

1.41
(1.28-1.56)
1.42
(1.23-1.64)
1.94
(1.40-2.68)

1.64
(1.40-1.92)
1.54
(1.17-2.01)
2.75
(1.50-5.07)

0.21

1.39
(1.14-1.70)
1.91
(1.60-2.28)

0.06

Dialysis Duration (years)
≥4
1.30
1.64
1.32
1.31
1.42
(1.23-1.38)
(1.50-1.79)
(1.22-1.43)
(1.14-1.51)
(1.27-1.59)
0.59
0.04
<4
1.26
1.70
1.24
1.61
1.46
(1.19-1.34)
(1.55-1.86)
(1.14-1.35)
(1.41-1.84)
(1.31-1.63)
Abbreviations: HR = hazard ratio, CI = confidence interval
a
Periods of lower dose (0 < average daily total dose ≤60 mg oral morphine equivalents) opioid exposure
b
Periods of higher dose (average daily total dose >60 mg oral morphine equivalents) opioid exposure
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Results are adjusted for age, sex, race, duration on dialysis, network, body mass index, alcohol dependence, coronary artery disease,
cancer, other cardiac disease, dysrhythmia, congestive heart failure, cerebrovascular disease, diabetes, drug dependence, opioid
dependence, hypertension, inability to ambulate, inability to transfer, chronic obstructive pulmonary disease, peripheral vascular
disease, tobacco dependence, liver disease, dementia, depression, seizures/epilepsy, osteoporosis, osteopenia, skilled nursing facility
resident, medication burden, number of hypertensive medications, and concomitant medications.
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