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Abstract
Background and objectives Mortality from benzodiazepine/opioid interactions is a growing concern in light of the
opioid epidemic. Patients on hemodialysis suffer from a high burden of physical/psychiatric conditions, which are
treated with benzodiazepines, and they are three times more likely to be prescribed opioids than the general
population. Therefore, we studied mortality risk associated with short- and long-acting benzodiazepines and their
interaction with opioids among adults initiating hemodialysis.
Design, setting, participants, & measurements The cohort of 69,368 adults initiating hemodialysis (January 2013 to
December 2014) was assembled by linking US Renal Data System records to Medicare claims. Medicare claims
were used to identify dispensed benzodiazepines and opioids. Using adjusted Cox proportional hazards models,
we estimated the mortality risk associated with benzodiazepines (time varying) and tested whether the
benzodiazepine-related mortality risk differed by opioid codispensing.
Results Within 1 year of hemodialysis initiation, 10,854 (16%) patients were dispensed a short-acting
benzodiazepine, and 3262 (5%) patients were dispensed a long-acting benzodiazepine. Among those who were
dispensed a benzodiazepine during follow-up, codispensing of opioids and short-acting benzodiazepines
occurred among 3819 (26%) patients, and codispensing of opioids and long-acting benzodiazepines occurred
among 1238 (8%) patients. Patients with an opioid prescription were more likely to be subsequently dispensed a
short-acting benzodiazepine (adjusted hazard ratio, 1.66; 95% conﬁdence interval, 1.59 to 1.74) or a long-acting
benzodiazepine (adjusted hazard ratio, 1.11; 95% conﬁdence interval, 1.03 to 1.20). Patients dispensed a shortacting benzodiazepine were at a 1.45-fold (95% conﬁdence interval, 1.35 to 1.56) higher mortality risk compared
with those without a short-acting benzodiazepine; among those with opioid codispensing, this risk was 1.90-fold
(95% conﬁdence interval, 1.65 to 2.18; Pinteraction,0.001). In contrast, long-acting benzodiazepine dispensing was
inversely associated with mortality (adjusted hazard ratio, 0.84; 95% conﬁdence interval, 0.72 to 0.99) compared
with no dispensing of long-acting benzodiazepine; there was no differential risk by opioid dispensing
(Pinteraction50.72).
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Conclusions Codispensing of opioids and short-acting benzodiazepines is common among patients on dialysis,
and it is associated with higher risk of death.
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Introduction
Benzodiazepines are a commonly prescribed class
of psychotropic medications (1,2), and use in the
general population has increased considerably over time (3). In 2013, 5.6% of adults ﬁlled
a benzodiazepines prescription (4), and white
patients most commonly receive benzodiazepines
(5). Patients on hemodialysis often suffer a high
burden of physical and psychiatric conditions,
including anxiety (6), insomnia/sleep disorders
(7), alcohol dependence (8), and neuropathic pain
(9,10), all of which are indications for benzodiazepines.
Although it is likely that there is a high burden of
benzodiazepine use in this population, it is unclear
794
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how many and which patients on hemodialysis
receive benzodiazepines.
Benzodiazepine-related mortality has been identiﬁed as a growing concern, particularly among white
adults (3,4,11,12). Although the mortality risk associated with benzodiazepine use in the general population is likely minimal (12), it is elevated when
combined with opioids (3,11,13). Speciﬁcally, benzodiazepines interact with opioids and enhance the
respiratory depressant effects of opioids; clinical
recommendations as well as opioid labeling suggest
avoiding this coprescribing (14). Two studies from
over 15 years ago, one study of 7475 international
patients on prevalent hemodialysis between 1999 and
www.cjasn.org Vol 15 June, 2020
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2004 and one study of 3690 patients on incident dialysis
between 1996 and 1997 (15,16), suggest that benzodiazepines may be associated with mortality; however, less is
known about the risk associated with coprescribing. Patients on hemodialysis may be particularly at risk of
coprescribing because they are three times as likely to be
prescribed opioids than the general population (17). Therefore, patients on hemodialysis are likely at elevated
mortality risk resulting from benzodiazepine/opioid
interactions.
In this study of adult patients initiating hemodialysis, we
sought to estimate the percentage of patients who were
dispensed benzodiazepines and codispensed opioids, identify the risk factors for benzodiazepine dispensing, quantify
the association between benzodiazepines and mortality,
and test whether the mortality risk associated with benzodiazepines differs according to opioid codispensing. We
hypothesized that these risks may differ by whether the
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benzodiazepines are short acting or long acting due to their
differences in indications and pharmacokinetics.

Materials and Methods
Study Design
We identiﬁed 69,368 adult patients ($18 years old) with
Medicare coverage and no benzodiazepine dispensing in
the 6 months prior to dialysis initiation in the US Renal
Data System (USRDS), a national registry of all patients
receiving treatment for kidney failure in the United States,
who initiated hemodialysis (January 1, 2013 to December
31, 2014) (Figure 1). The study was limited to these years
because benzodiazepines were only covered under Part D
starting in 2013. The USRDS includes the Centers for
Medicare & Medicaid Services (CMS) Medical Evidence
Report 2728 forms and is linked to Medicare claims data.
During the ﬁrst 90 days after dialysis initiation, patients

Medicare Claims Part D
January 1, 2013 to December 31, 2014
N=561,304
Payer Not MPAB or MPO
N=383,833
Payer Medicare Part A, B, O
January 1, 2013 to December 31, 2014
N=177,471
First Hemodialysis Service Date
Before January 1, 2013
N=53,687
First Hemodialysis Service Date
January 1, 2013 to December 31, 2014
N=123,784
Dispensed in the 6 Months
prior to Dialysis Initiation
N=36,939
Missing Data
N=226 (Race)
N=360 (BMI)

Incident Cohort
No Benzodiazepine Dispensed 6 Months Prior
N=86,259
Only Observed
For Less than 91 Days
N=16,891

Benzodiazepine Dispensed Within Six Months
January 1, 2013 to December 31, 2014
N=11,289

No Benzodiazepine Dispensed Within Six Months
January 1, 2013 to December 31, 2014
N=58,079

Figure 1. | Sixty-nine thousand, three hundred sixty-eight adults initiating hemodialysis between 2013 and 2014 were selected to be in the
study sample. The dialysis initiation cohort was restricted to United States citizens aged 18 years old and older. MPAB, medicare part A and B;
MPO, mediare primary, other.
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entered the cohort (late entry) when they were enrolled in
Medicare Parts A, B, and D. We ascertained patient
characteristics, dialysis factors, and comorbid conditions
from the Medical Evidence Report and the USRDS data as
well from diagnosis codes in Medicare claims data during
the time between Medicare enrollment and 90 days after
enrollment. The only variables with missing data were
body mass index (,1%) and race (,1%), and we performed
a complete patient analysis (i.e., we dropped observations
with missing information).
As is standard with the USRDS data, mortality was
augmented through linkage with the Social Security
Death Master File and from the CMS data. This study
was reviewed by the Johns Hopkins School of Medicine
Institutional Review Board, and it was determined to
be exempt.
Benzodiazepine and Other Presciption Medications
We used Part D prescription claims data to ascertain if
patients were dispensed a prescription for a benzodiazepine, abstracting the date that the prescriptions were ﬁlled
and the days’ supply for each prescription (Supplemental
Figure 1). We allowed for a 7-day gap between the end of
one prescription (date that prescription was ﬁlled 1 days’
supply) and the ﬁll date of the subsequent benzodiazepine prescription to account for the as needed consumption of benzodiazepines; this full episode of care was
considered in the benzodiazepine exposure. There was no
lag after the end of a prescription given the short-acting
nature of benzodiazepines. As has been previously
published (18), the short-acting benzodiazepines were
deﬁned as t1/2#24 hours, and the long-acting benzodiazepines were deﬁned as t1/2.24 hours (Supplemental
Table 1). Furthermore, we estimated the dose of benzodiazepines by converting to lorazepam milligram equivalent (LME) by multiplying the dose for each
benzodiazepine by the conversion factor. We used a
similar approach for opioids, sedatives, and antipsychotics (Supplemental Table 1).
Statistical Analyses
Benzodiazepine and Opioid Codispensing. We estimated the cumulative incidence of the ﬁrst benzodiazepine
dispensing using the Kaplan–Meier approach and plotted
the cumulative incidences by race. Codispensing was
deﬁned as concurrent prescription ﬁlls, the most conservative approach; in other words, benzodiazepine and
opioid prescriptions were ﬁlled on the same day.
We identiﬁed risk factors for the time to ﬁrst dispensed
benzodiazepine after hemodialysis initiation using a Cox
proportional hazards models, and we censored for end of
follow-up (September 1, 2015), end of Medicare coverage,
change in dialysis modality, withdrawal from dialysis,
kidney transplantation, or mortality; risk factors were
selected on the basis of a priori hypotheses and ﬁndings
from previous publications (15,16).
Benzodiazepines and Mortality. We estimated the mortality risk associated with benzodiazepine dispensing using
a Cox proportional regression model adjusting for age, sex,
race, year of dialysis initiation, diabetes, cardiovascular
disease, peripheral vascular disease, hypertension, chronic

obstructive pulmonary disease, history of cancer, drug
dependence, inability to ambulate, institutionalization, and
smoking status. The model was censored for end of followup (September 1, 2015), end of Medicare coverage, change
in dialysis modality, withdrawal from dialysis, kidney
transplantation, or mortality. Benzodiazepine and opioids
were treated as time-varying exposures. For all analyses,
we compared patients with benzodiazepine/opioids with
those without benzodiazepine/opioids to be consistent
with previous research in patients undergoing dialysis (19).
This was appropriate because the indications for benzodiazepines and opioids are broad and common in this
population; furthermore, the indications are not necessarily
captured through claims. However, we performed sensitivity analyses as described below. We tested whether the
mortality risk associated with benzodiazepines differed
by age, sex, race, and opioids (time varying) using Wald
tests; we pulled the stratiﬁed associations from the Cox
proportional hazards models and estimated them using
the lincom command in Stata. We used separate models
to quantify the association between any benzodiazepine,
short-acting benzodiazepines, and long-acting benzodiazepines and mortality.
Sensitivity Analyses. We performed a number of sensitivity analyses to test whether our results were robust
to assumptions that we made. First, we tested whether
changing the number of days (0, 14, and 28 days) allowed
in a gap between prescriptions affected our ﬁndings.
Second, we tested whether our results were robust when
comparing person-time exposed to benzodiazepines (and
opioids) with person-time not exposed to these medications
among those who had at least one prescription for a benzodiazepine. Third, to test whether confounding by indication affected the strength of our associations, we used a
propensity score matching approach on the basis of a
previously published study of benzodiazepines (12). Speciﬁcally, we generated one propensity score for short-acting
benzodiazepines and one for long-acting benzodiazepines
among our study population of patients undergoing
hemodialysis.
Statistical Methods. We used a two-sided a of 0.05 to
indicate a statistically signiﬁcant difference. Proportional
hazards models were conﬁrmed visually by graphing the
log-log plot of survival and statistically using Schoenfeld
residuals. All analyses were performed using Stata 14.2/
MP for Linux (College Station, TX).

Results
Study Characteristics
Among 69,368 patients initiating hemodialysis, the median age was 67 years old (interquartile range, 56–76), 46%
were women, and 68% were white.
Benzodiazepines after Hemodialysis Initiation
Within 12 months of hemodialysis initiation, 21%
(n514,116) of patients were dispensed a benzodiazepine;
16% (n510,854) were dispensed a prescription for a shortacting benzodiazepine by 12 months, and 5% (n53262)
were dispensed a prescription for a long-acting benzodiazepine by 12 months. Throughout follow-up, ,1% of
person-time (201 patients) included short- and long-acting
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benzodiazepine codispensing. Of all dispensed benzodiazepines, 82% were short acting, and the most frequent
prescriptions were for alprazolam (36%), lorazepam (29%),
clonazepam (14%), and temazepam (12%).

Risk Factors for Benzodiazepines
Patients who were older (median age 68 versus 67 years
old), women (54% versus 44%), and white (80% versus
65%) were more likely to be dispensed a benzodiazepine
within 6 months of hemodialysis initiation (Table 1).
Furthermore, there were geographic differences in the
percentages of patients who were dispensed benzodiazepines within 6 months of dialysis initiation, with
New England having the highest burden (20%) of
dispensing (Figure 2). There was little change over
time in the dispensing of short- and long-acting benzodiazepines when examining the LME rate per 100 persondays (Figure 3).
The cumulative incidence of short-acting benzodiazepines at 12 months was greater for older (age $65 years
old) age (18% versus 14%) and women (19% versus 14%)
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(Supplemental Table 2); the cumulative incidence by age
and sex was similar for long-acting benzodiazepine. White
women were most likely to be dispensed short-acting
benzodiazepines (Figure 4A) and long-acting benzodiazepines (Figure 4B).
After adjustment, white patients (adjusted hazard ratio
[aHR], 1.73; 95% conﬁdence interval [95% CI], 1.66 to 1.82)
and women (aHR, 1.32; 95% CI, 1.27 to 1.37) were more
likely to be dispensed short-acting benzodiazepines
(Table 2); the risk also grew higher with age (aHR, 1.05
per 10-year older; 95% CI, 1.03 to 1.07). An important
difference in risk factors for long-acting benzodiazepines
was that younger patients were more likely to be
dispensed this medication (aHR, 0.90 per 10-year older;
95% CI, 0.87 to 0.93).

Opioid Codispensing with Benzodiazepine
Among patients who were dispensed opioids, the three
most commonly dispensed opioids were hydrocodone
(45%; n531,215), oxycodone (26%; n518,035), and tramadol (12%; n59711). Among patients who were dispensed a

Table 1. Characteristics of patients who initiated dialysis (n569,368) between January 2013 and December 2014 by benzodiazepine
dispensing within 6 months of initiation
Characteristic
Age, yr, median [IQR]
BMI, kg/m2, median [IQR]
Women, %
White, %
Dialysis initiation in 2013, %
Opioids, %
Neuropathic pain medication, %
Any
Gabapentin
Antidepressant, %
CNS depressant, %
Comorbidity, %
Diabetes
Cardiovascular disease
Peripheral vascular disease
Hypertension
COPD
Tobacco use
Cancer
Drug use
Inability to ambulate
Institutionalized
No comorbidity
Cause of kidney failure, %
Diabetes
Hypertensive kidney disease
GN
Other
Dual eligible, %
Employment status, %
Unemployed
Full time
Part time
Retired
Disabled
Other

Benzodiazepine within 6 mo, n511,289

No Benzodiazepine within 6 mo, n558,079

68 [59–77]
28 [24–34]
54
80
59
76

67 [56–76]
28 [24–34]
44
65
57
56

68
26
56
37

49
18
29
18

58
57
14
88
16
8
8
3
20
13
1

60
52
11
89
10
6
7
2
16
9
2

47
31
6
16
47

49
32
6
13
46

19
1
1
46
29
3

26
2
2
42
24
4

Medications were ascertained at any point during follow-up. IQR, interquartile range; BMI, body mass index; CNS, central nervous
system; COPD, chronic obstructive pulmonary disease.
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Rocky Mountain
Plains
Far West

15%

16%

15%

New
England

18%

Mideast
Great Lakes

20%

15%

Southeast

Southwest

17%

15%

Figure 2. | Benzodiazepine dispensing differed by geographic region among patients inititiating hemodialysis (n569,368) between 2013
and 2014.

benzodiazepine, 30% were codispensed an opioid; 26%
(n53829) of patients with a short-acting benzodiazepine
and 8% (n51238) of those with a long-acting benzodiazepine had opioid codispensing. After adjustment,
those patients with opioids compared with those without opioids were more likely to have short-acting (aHR,
1.66; 95% CI, 1.59 to 1.74) and long-acting (aHR, 1.11;
95% CI, 1.03 to 1.20) benzodiazepines dispensed
(Table 2).
Benzodiazepines and Mortality
During follow-up, 15,175 deaths occurred (30%) and
1245 (2%) received kidney transplantation during a median
follow-up time of 16 months (interquartile range, 8–23;
minimum 57 months and maximum 533 months). Patients with a benzodiazepine were at 1.31-fold (95% CI, 1.23
to 1.40) greater mortality risk (Table 3) after adjustment.
After adjustment, patients with a short-acting benzodiazepine had a higher mortality risk (aHR, 1.45; 95% CI, 1.35 to
1.56), and those with a long-acting benzodiazepine were

associated with a lower mortality risk (aHR, 0.84; 95% CI,
0.72 to 0.99).
A 1-mg higher LME for short-acting benzodiazepines
was associated with a 1.05-fold (95% CI, 1.03 to 1.07) higher
mortality risk (Table 3). There was no association between
dose (continuous) and mortality among long-acting benzodiazepines. When doses were converted to the relative potency
of lorazepam, all doses of short-acting benzodiazepines were
associated with mortality compared with no benzodiazepine.
Among long-acting benzodiazepines, only 0.25 LME (clonazepam) was associated with a lower mortality risk.
The mortality risk associated with short-acting benzodiazepines differed between men and women (Pinteraction50.006)
(Supplemental Table 2). Among men, short-acting benzodiazepines were associated with a 1.62-fold (95% CI, 1.47 to
1.79) higher mortality risk. However, among women, shortacting benzodiazepines were associated with a 1.31-fold
(95% CI, 1.18 to 1.44) higher risk after adjustment. This
differential mortality risk by sex was not observed for longacting benzodiazepines (Pinteraction50.06).

100

LME rate per 100 person-days

Long-acting
80

60

40
Short-acting
20

0
1st Q

2nd Q

3rd Q
2013

4th Q

1st Q

2nd Q

3rd Q
2014

4th Q

Figure 3. | Benzodiazepine dispensing barely changed over time among patients inititiating hemodialysis (n569,368) between 2013 and
2014. Rates by quarter (Q) are presented as lorazepam milligram equivalent (LME) per 100 person-days.
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Figure 4. | The cumulative incidence of time to first short-acting benzodiazepine prescription dispensed among patients initiating hemodialysis (n569,368) between 2013 and 2014 differed by race and sex. (A) Cumulative incidence of short-acting benzodiazepine. Approximately
18.1% of white women, 12.5% of white men, 9.5% of nonwhite women, and 6.1% of nonwhite men had used a short-acting benzodiazepine
within 6 months of initiating dialysis. (B) Cumulative incidence of long-acting benzodiazepine. Approximately 5.1% of white women, 3.4% of
white men, 2.3% of nonwhite women, and 1.8% of nonwhite men had used a long-acting benzodiazepine within 6 months of initiating dialysis.

Mortality and Codispensing of Benzodiazepines Opioids
Furthermore, this mortality risk differed by opioids
(Pinteraction50.001): among those with an opioid, benzodiazepines were associated with a 1.66-fold (95% CI, 1.46 to
1.90) higher mortality risk compared with those without
benzodiazepines. However, among those without an opioid, benzodiazepines were associated with a 1.22-fold (95%
CI, 1.13 to 1.32) higher mortality risk after adjustment
compared with those without benzodiazepines (Table 4).
This differential risk was limited to those with short-acting

benzodiazepines (Pinteraction,0.001). Among those with
opioids, short-acting benzodiazepines were associated
with a 1.90-fold (95% CI, 1.65 to 2.18) higher mortality
risk compared with those without short-acting benzodiazepines, whereas among those without opioids, shortacting benzodiazepines were associated with a 1.34-fold
(95% CI, 1.23 to 1.45) higher risk compared with those
without short-acting benzodiazepines (Pinteraction,0.001).
Among long-acting benzodiazepines, the mortality risk
associated with long-acting benzodiazepines did not
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Table 2. Factors associated with short-acting and long-acting benzodiazepines among adults initiating hemodialysis (n569,368)
between 2013 and 2014
Benzodiazepine
Factor

Age, per 10-yr older
Women
White
Opioids
Antidepressant
CNS depressant
Year of dialysis initiation
2013 versus 2014
BMI, per 10-kg/m2 higher
Comorbidity
Diabetes
Cardiovascular disease
Peripheral vascular disease
Hypertension
COPD
Tobacco use
Cancer
Drug use
Inability to ambulate
Institutionalized
No comorbidity
Cause of kidney failure
Diabetes
Hypertensive kidney disease
GN
Other
Employment status
Full time
Part time
Unemployed
Retired
Disabled
Other
Bureau of economic analysis regions
Midwest
Great Lakes
Plains
Southeast
Southwest
Rocky
Far West

Short Acting

Long Acting

aHR (95% CI)

P Value

aHR (95% CI)

P Value

1.05 (1.03 to 1.07)
1.32 (1.27 to 1.37)
1.73 (1.65 to 1.82)
1.66 (1.59 to 1.74)
1.89 (1.81 to 1.96)
1.73 (1.66 to 1.80)

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

0.90 (0.87 to 0.93)
1.35 (1.26 to 1.45)
1.74 (1.59 to 1.89)
1.11 (1.03 to 1.20)
1.59 (1.47 to 1.71)
1.69 (1.56 to 1.82)

,0.001
,0.001
,0.001
0.01
,0.001
,0.001

1.11 (1.07 to 1.16)
0.95 (0.92 to 0.97)

,0.001
,0.001

1.30 (1.21 to 1.40)
0.97 (0.93 to 1.02)

,0.001
0.24

0.92 (0.88 to 0.97)
1.06 (1.02 to 1.10)
1.03 (0.98 to 1.09)
0.97 (0.91 to 1.03)
1.20 (1.13 to 1.27)
1.09 (1.01 to 1.17)
1.10 (1.02 to 1.18)
1.10 (0.97 to 1.24)
1.09 (1.04 to 1.15)
1.08 (1.01 to 1.15)
0.87 (0.73 to 1.04)

0.003
0.009
0.25
0.27
,0.001
0.02
0.01
0.14
0.002
0.03
0.13

0.99 (0.90 to 1.08)
0.95 (0.88 to 1.03)
1.09 (0.98 to 1.21)
0.99 (0.88 to 1.12)
1.28 (1.16 to 1.43)
1.19 (1.05 to 1.35)
1.02 (0.88 to 1.17)
1.03 (0.83 to 1.28)
1.11 (1.00 to 1.23)
0.90 (0.79 to 1.02)
0.91 (0.68 to 1.23)

0.76
0.22
0.13
0.90
,0.001
0.01
0.80
0.75
0.06
0.11
0.56

Reference
1.04 (0.99 to 1.09)
1.01 (0.93 to 1.10)
1.06 (0.99 to 1.13)

0.15
0.78
0.08

Reference
1.03 (0.93 to 1.14)
1.22 (1.05 to 1.42)
1.20 (1.06 to 1.35)

0.53
0.01
0.005

Reference
0.95 (0.76 to 1.18)
0.98 (0.84 to 1.14)
1.05 (0.90 to 1.23)
1.13 (0.97 to 1.32)
0.90 (0.75 to 1.08)

0.64
0.76
0.52
0.13
0.26

Reference
1.24 (0.84 to 1.84)
1.31 (0.98 to 1.75)
1.38 (1.02 to 1.85)
1.67 (1.25 to 2.24)
1.22 (0.88 to 1.71)

0.28
0.07
0.04
0.001
0.24

0.89 (0.80 to 0.99)
0.96 (0.86 to 1.06)
0.78 (0.69 to 0.88)
1.03 (0.93 to 1.13)
0.93 (0.84 to 1.04)
0.73 (0.61 to 0.88)
0.98 (0.88 to 1.09)

0.03
0.40
,0.001
0.59
0.20
0.002
0.69

0.73 (0.60 to 0.88)
0.93 (0.77 to 1.11)
0.77 (0.62 to 0.96)
0.93 (0.78 to 1.11)
0.74 (0.61 to 0.89)
0.76 (0.55 to 1.04)
0.70 (0.58 to 0.85)

0.003
0.41
0.02
0.42
0.004
0.09
0.001

All factors were included in a single Cox proportional hazards model with time from hemodialysis initiation to the ﬁrst dispensed
prescription for a short-acting or long-acting benzodiazepines as the outcome. aHR, adjusted hazard ratio; 95% CI, 95%
conﬁdence interval.

differ by whether patients were dispensed opioids
(Pinteraction50.72).

Sensitivity Analyses
Similar inferences were reached when we allowed for 0-,
14-, and 28-day gaps between the end of one prescription
and the ﬁll date of a subsequent ﬁll. For example, when
there was a 0-day gap, any benzodiazepine use was
associated with a 1.33-fold (95% CI, 1.23 to 1.44) higher
mortality risk; the associations remained for short-acting
benzodiazepine (aHR, 1.50; 95% CI, 1.38 to 1.63) and longacting benzodiazepine (aHR, 0.76; 95% CI, 0.62 to 0.94).
Additionally, results were consistent when we (1) limited

the population (n515,238) to patients with at least one
dispensed benzodiazepine prescription (short-acting benzodiazepine: aHR, 1.43; 95% CI, 1.31 to 1.56; long-acting
benzodiazepine: aHR, 0.69; 95% CI, 0.56 to 0.85) and (2)
used a propensity score matched model (short-acting
benzodiazepine: aHR, 1.13; 95% CI, 1.09 to 1.17; longacting benzodiazepine: aHR, 0.91; 95% CI, 0.86 to 0.98).
Interactions between benzodiazepine and opioids were also
identiﬁed (Pinteraction,0.001) in these sensitivity analyses.

Discussion
In this national study of 69,368 patients initiating
hemodialysis, 16% were dispensed a short-acting acting
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Table 3. Association between benzodiazepines and mortality in patients initiating hemodialysis (n569,368) between 2013 and 2014
Exposure

No. of Deaths

Benzodiazepine
Unadjusted
Adjusted
LME per milligram higher
Alprazolam (0.5 LME)
Lorazepam (1.0 LME)
Temazepam (10 LME)
Clonazepam (0.25 LME)
Diazepam (5 LME)

16,981

Any, aHR (95% CI)

Short Acting, aHR (95% CI)

Long Acting, aHR (95% CI)

1.52 (1.41 to 1.64)
1.31 (1.23 to 1.40)

1.73 (1.60 to 1.88)
1.45 (1.35 to 1.56)
1.05 (1.03 to 1.07)
1.33 (1.17 to 1.51)
2.06 (1.82 to 2.34)
1.48 (1.23 to 1.80)

0.83 (0.67 to 1.02)
0.84 (0.72 to 0.99)
0.98 (0.91 to 1.05)

0.73 (0.56 to 0.94)
1.00 (0.69 to 1.44)

Use of benzodiazepines was treated as time varying, and all models were adjusted. The results below are from three separate
models; all models were adjusted for age, sex, race, prescription (antidepressants and CNS depressants), and comorbidities. CNS
depressants included sedatives, muscle relaxants, and antipsychotics. Comorbidities included diabetes mellitus, cardiovascular
disease, peripheral vascular disease, hypertension, COPD, smoking history, cancer, drug abuse, inability to ambulate, institutionalized, and obesity. In the short-acting benzodiazepine model, those taking long-acting benzodiazepines were treated as
unexposed. Similarly, in the long-acting benzodiazepine model, those taking short-acting benzodiazepines were treated as
unexposed. LME, lorazepam milligram equivalent.

benzodiazepine within 1 year of hemodialysis initiation,
and this dispensing was more common in older patients,
white patients, and women. Among patients with a shortacting benzodiazepine, 26% were also codispensed an

opioid. Short-acting benzodiazepines were independently associated with a 1.9-fold higher risk of mortality
among patients codispensed an opioid. In contrast, longacting benzodiazepines were less commonly dispensed

Table 4. Association between benzodiazepines and mortality in patients initiating hemodialysis (n569,368) between 2013 and 2014
stratified by age, sex, race, and opioid codispensing
Exposure
Any benzodiazepine
No opioid/no
benzodiazepine
No opioid/
benzodiazepine
Opioid/no
benzodiazepine
Opioid/
benzodiazepine
Short-acting
benzodiazepine
No opioid/no
benzodiazepine
No opioid/
benzodiazepine
Opioid/no
benzodiazepine
Opioid/
benzodiazepine
Long-acting
benzodiazepine
No opioid/no
benzodiazepine
No opioid/
benzodiazepine
Opioid/no
benzodiazepine
Opioid/
benzodiazepine

No.
of Deaths

Follow-Up Time,
person-yr

Unadjusted aHR
(95% CI)

Adjusted aHR
(95% CI)

2556

182,800

Reference

Reference

485

41,273

1.32 (1.20 to 1.44)

1.22 (1.13 to 1.32)

2071

141,526

Reference

Reference

190

8105

2.35 (2.04 to 2.71)

1.66 (1.46 to 1.90)

P Value for
Interaction
0.001

,0.001
2514

174,636

Reference

Reference

420

31,186

1.50 (1.36 to 1.65)

1.34 (1.23 to 1.45)

2094

143,450

Reference

Reference

167

6181

2.74 (2.35 to 3.19)

1.90 (1.65 to 2.18)
0.72

2305

157,870

Reference

Reference

67

10,280

0.74 (0.58 to 0.94)

0.83 (0.69 to 1.00)

2238

147,590

Reference

Reference

23

2041

1.11 (0.74 to 1.67)

0.89 (0.64 to 1.24)

Use of benzodiazepines and other medications was treated as time varying, and all models were adjusted. The results below are from
three separate models; all models were adjusted for age, sex, race, prescription (antidepressants and CNS depressants), and comorbidities. CNS depressants included sedatives, muscle relaxants, and antipsychotics. Comorbidities included diabetes mellitus,
cardiovascular disease, peripheral vascular disease, hypertension, COPD, smoking history, cancer, drug abuse, inability to ambulate,
institutionalized, and obesity.
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(5% within 1 year), which was associated with a lower
mortality risk, and there were no differences when
codispensed with opioids. Our ﬁndings of a synergistic
effect of short-acting benzodiazepines and opioids are of
great concern in light of the opioid epidemic.
Previous ﬁndings from the Dialysis Outcomes and
Practice Patterns Study (1999–2004) suggest that
15%–19% of patients undergoing hemodialysis are treated
with a benzodiazepine for depression (15). Furthermore,
in a study of 3690 patients initiating hemodialysis or
peritoneal dialysis between 1996 and 1997 who participated in the Dialysis Morbidity and Mortality Study
Wave 2, 14% were taking a benzodiazepine at 60 days
after initiation on the basis of chart abstractions (16). We
built on these previous ﬁndings by estimating the
cumulative incidence of short-acting and long-acting
benzodiazepines after hemodialysis initiation. Similar
to this cohort, we found that patients who were white
or women were all more likely to have a short-acting
benzodiazepine prescription.
Our study was conducted among patients who initiated
hemodialysis between 2013 and 2014 rather than in earlier
eras (16) prior to the opioid epidemic; this allowed us to
evaluate the extent of codispensing with opioids. Among
patients who were dispensed a short-acting benzodiazepine, 23% ﬁlled a prescription for an opioid on the same
day. To our knowledge, this is the ﬁrst national study of
United States patients initiating hemodialysis that estimated the extent of codispensing. Although we used the
most stringent deﬁnition of codispensing (ﬁlling both an
opioid prescription and a benzodiazepine prescription on
the same day), we still found a staggering burden of
coprescribing. It is likely that the true burden of concomitant use of these two medications is even higher.
Similar to the previous studies (15,16), our ﬁndings
suggest that benzodiazepines (speciﬁcally short-acting
benzodiazepines) are associated with greater mortality.
Leveraging this incident hemodialysis cohort design and
treating exposure as time varying, we found a stronger
association (aHR, 1.31; 95% CI, 1.23 to 1.40) between
benzodiazepines and mortality than either of the prior
studies (adjusted relative risk, 1.27 [15]; 95% CI, 1.01 to
1.59, and aHR, 1.15 [16]; 95% CI, 1.02 to 1.31). Furthermore,
whereas the Dialysis Morbidity and Mortality Study Wave
2 studies found no association between long-acting benzodiazepines and mortality, in our study we found a
lowered mortality risk even after accounting for confounders. These ﬁndings extend the previous research on
psychoactive mediations and adverse outcomes in older
patients on hemodialysis, which did not include benzodiazepines (20). Although we observed a higher mortality
risk associated with short-acting benzodiazepines, we must
interpret these ﬁndings with caution because these ﬁndings
may also reﬂect channeling bias, residual confounding, or
selection bias.
Our ﬁndings of a lower mortality risk with long-acting
benzodiazepines replicate a previous ﬁnding in the general
United States population (hazard ratio, 0.60; 95% CI, 0.55 to
0.65) (12). The benzodiazepine-related mortality risk may
be limited to short-acting benzodiazepines due to their
pharmacokinetic properties. Unlike long-acting benzodiazepines, those that are short-acting have a rapid onset,

which is associated with physical dependence, symptomatic withdrawal, and subsequent misuse and addiction; this
is particularly a concern with diazepam (21,22). Also, they
are often typically prescribed in higher doses for treatment
of insomnia. In contrast, long-acting benzodiazepines have
a slower absorption and onset of action, and thy are most
commonly used to treat chronic generalized anxiety disorder when a patient has minimal depressive symptoms
and no substance use disorder. They are also used to treat
alcohol withdrawal because they provide a steady level of
symptom control owing to their t1/2 and active metabolites.
Low-dose, long-acting benzodiazepines may have a more
favorable risk-beneﬁt proﬁle because they are associated
with more delayed and attenuated withdrawal symptoms;
in particular, clonazepam has been found to produce less
interdose anxiety (23). However, these results should be
interpreted with caution because there is always the
potential for channeling bias, unmeasured/unmeasurable
confounders, or other forms of bias that would lead to a
noncausal association.
The main strength of this study was the large sample size
with real-world dispensing of short- and long-acting
benzodiazepines and opioids (treated as time varying);
this allowed us to identify high-risk subgroups, like those
patients who were codispensed opioids. Furthermore, we
leveraged a cohort of patients initiating hemodialysis to
mitigate any survival bias introduced by studying prevalent patients on hemodialysis with a history of use of a
benzodiazepine. The main limitations of this study, like
all claims-based pharmacoepidemiology studies, are (1)
that exposures were limited to dispensed prescriptions
rather than a measure of actual consumption of medications, (2) that illicit use of benzodiazepines was not
captured, (3) that all potential sources of medications
among those with Medicare coverage may not be represented, (4) that we were unable to separate the medication effects on mortality from the effects of the underlying
conditions, and (5) that there was no cause of death.
Furthermore, we cannot be certain that these participants
were new users of benzodiazepines even after excluding
patients with dispensing within 6 months prior to dialysis
initiation; however, the US Food and Drug Administration labeling and clinical guidelines suggest benzodiazepine use no longer than 8–10 weeks (24–26). For these
reasons, we cannot draw causal inferences from the
observed associations between benzodiazepines, opioids,
and mortality.
In summary, patients initiating hemodialysis have a high
burden of short-acting benzodiazepines, and 23% of these
patients were codispensed opioids. Codispensing is associated with a 1.9-fold higher mortality risk. In light of the
opioid epidemic, physicians caring for patients undergoing
hemodialysis should check their state’s prescription drug
monitoring programs to see whether their patient has been
dispensed opioids before prescribing a short-acting benzodiazepine. The potential risks associated with shortacting benzodiazepines should always be weighed against
their therapeutic beneﬁt, and patients undergoing hemodialysis who are currently undergoing treatment with
short-acting benzodiazepines should consider other treatments when clinically appropriate. Furthermore, providers
caring for patients undergoing hemodialysis should be
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given the tools needed to implement a collaborative, teambased approach for deprescribing short-acting benzodiazepines, particularly for patients who are likely to use
opioids. In conclusion, high-risk codispensing of shortacting benzodiazepines and opioids should be recognized
and reduced by physicians caring for this vulnerable population.
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Supplemental Table 1: List of classes and medications.
Class
Short‐acting benzodiazepines
Long‐acting benzodiazepines
Opioids

Antidepressants

Neuropathic pain medications

Medications
Alprazolam, estazolam, lorazepam, midazolam, oxazepam,
temazepam, and triazolam
chlordiazepoxide, clobazam, clonazepam, clorazepate,
diazepam, flurazepam
alfentanil, buprenorphine, butorphanol, codeine,
dihydrocodeine, fentanyl, hydrocodone, hydromorphine,
meperidine, methadone, morphine, nalbuphine, nucynta,
oxycodone, oxymorphone, pentazocine, propoxyphene,
remifentanil, sufentanil, tapentadol, talwin, tramadol,
carfentanil, pethidine, and etorphine
citalopram, escitalopram, fluoxetine, fluvozamine,
paroxetine, sertraline; desvenlafaxine, duloxetine,
levomilnacipran, milnacipran, venlafaxine; vilazodone,
vortioxetine; nefazodone, trazodone; atomoxetine,
reboxetine, teniloxazine, viloxazine; bupropion;
amitriptyline, amitriptylinoxide, clomipramine, desipramine,
dibenzepin, dimetacrine, dosulepin, doxepin, imipramine,
lofepramine, melitracen, nitroxazepine, nortriptyline,
noxiptiline, opipramol, pipofezine, protriptyline,
trimipramine; amoxapine, maprotiline, mianserin,
mirtazapine, setiptiline; isocarboxazid, phenelzine,
tranylcpromine, selegiline, metralindole, moclobemide,
pirlindole, toloxatone, and bifemelane
nortriptyline, desipramine, amitriptyline, clomipramine,
imipramine, duloxetine, venlafaxine, gabapentin, enacarbil,
lidocaine, capsaicin, tramadol, morphine, oxycodone, and
botulinum

Benzodiazepine doses were converted to a standard dose to calculate LME, lorazepam milligram
equivalent: 0.5 for alprazolam, 10 for chlordiazepoxide, 0.25 for clonazepam, 5 for diazepam, 1 for
lorazepam, 15 for oxazepam, and 10 for temazepam.

2

Supplemental Table 2: Association between benzodiazepines and mortality in patients initiating
hemodialysis (n=69,368) between 2013‐2014 stratified by age, sex, race, and opioid co‐dispensing. Use of
benzodiazepines and other medications were treated as time‐varying and all models were adjusted. The
results below are from three separate models; all models were adjusted for age, sex, race, prescription
(antidepressant & CNS depressants), and comorbidities. CNS depressants included sedatives, muscle relaxants,
and antipsychotics. Comorbidities included diabetes mellitus, cardiovascular disease, peripheral vascular
disease, hypertension, COPD, smoking history, cancer, drug abuse, inability to ambulate, institutionalized, and
obesity. In the short‐acting benzodiazepine model, those taking long‐acting benzodiazepines were treated as
unexposed. Similarly, in the long‐acting benzodiazepine model, those taking short‐acting were treated as
unexposed. LME, lorazepam milligram equivalent
Any
aHR (95% CI)

Short‐acting
aHR (95% CI)

Long‐acting
aHR (95% CI)

4,541
12,440

1.31 (1.16‐1.48)
1.31 (1.21‐1.42)
0.98

1.43 (1.25‐1.63)
1.46 (1.34‐1.58)
0.77

0.96 (0.75‐1.24)
0.77 (0.62‐0.95)
0.19

9,149
7,832

1.48 (1.35‐1.62)
1.17 (1.07‐1.28)
0.002

1.62 (1.47‐1.79)
1.31 (1.18‐1.44)
0.006

0.99 (0.79‐1.24)
0.72 (0.57‐0.91)
0.06

4,193
12,788

1.41 (1.20‐1.66)
1.29 (1.20‐1.39)
0.32

1.45 (1.21‐1.73)
1.45 (1.34‐1.57)
0.98

1.19 (0.84‐1.70)
0.78 (0.65‐0.94)
0.04

5,634
11,347

1.22 (1.13‐1.32)
1.66 (1.46‐1.90)
0.001

1.34 (1.23‐1.45)
1.90 (1.65‐2.18)
<0.001

0.83 (0.69‐1.00)
0.89 (0.64‐1.24)
0.72

Number of deaths
Stratification factor
Age
18‐64
65+
P for interaction
Sex
Men
Women
P for interaction
Race
Nonwhite
White
P for interaction
Opioids
No
Yes
P for interaction
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Supplemental Figure 1: Illustration of time‐varying exposure to benzodiazepine or opioid claims for one

person. Several sensitivity analyses were performed wherein person‐day exposure was extended to
+7 days, +14 days, and +28 days beyond the outlined periods above.
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