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Abstract

Background

Patients with opioid dependency prescribed opioid agonist treatment (OAT) may also be

prescribed sedative drugs. This may increase mortality risk but may also increase treatment

duration, with overall benefit. We hypothesised that prescription of benzodiazepines in

patients receiving OAT would increase risk of mortality overall, irrespective of any increased

treatment duration.

Methods and findings

Data on 12,118 patients aged 15–64 years prescribed OAT between 1998 and 2014 were

extracted from the Clinical Practice Research Datalink. Data from the Office for National

Statistics on whether patients had died and, if so, their cause of death were available for

7,016 of these patients. We identified episodes of prescription of benzodiazepines, z-drugs,

and gabapentinoids and used linear regression and Cox proportional hazards models to

assess the associations of co-prescription (prescribed during OAT and up to 12 months

post-treatment) and concurrent prescription (prescribed during OAT) with treatment dura-

tion and mortality. We examined all-cause mortality (ACM), drug-related poisoning (DRP)

mortality, and mortality not attributable to DRP (non-DRP). Models included potential con-

founding factors. In 36,126 person-years of follow-up there were 657 deaths and 29,540

OAT episodes, of which 42% involved benzodiazepine co-prescription and 29% concurrent

prescription (for z-drugs these respective proportions were 20% and 11%, and for gabapen-

tinoids 8% and 5%). Concurrent prescription of benzodiazepines was associated with
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increased duration of methadone treatment (adjusted mean duration of treatment episode

466 days [95% CI 450 to 483] compared to 286 days [95% CI 275 to 297]). Benzodiazepine

co-prescription was associated with increased risk of DRP (adjusted HR 2.96 [95% CI 1.97

to 4.43], p < 0.001), with evidence of a dose–response effect, but showed little evidence of

an association with non-DRP (adjusted HR 0.91 [95% CI 0.66 to 1.25], p = 0.549). Co-pre-

scription of z-drugs showed evidence of an association with increased risk of DRP (adjusted

HR 2.75 [95% CI 1.57 to 4.83], p < 0.001) but little evidence of an association with non-DRP

(adjusted HR 0.79 [95% CI 0.49 to 1.28], p = 0.342). There was no evidence of an associa-

tion of gabapentinoid co-prescription with DRP (HR 1.54 [95% CI 0.60 to 3.98], p = 0.373)

but evidence of an association with increased non-DRP (HR 1.83 [95% CI 1.28 to 2.62], p =

0.001). Concurrent benzodiazepine prescription also increased mortality risk after consider-

ation of duration of OAT (adjusted HR for DRP with benzodiazepine concurrent prescription

3.34 [95% CI 2.14 to 5.20], p < 0.001). The main limitation of this study is the possibility that

unmeasured confounding factors led to an association between benzodiazepine prescrip-

tion and DRP that is not causal.

Conclusions

In this study, co-prescription of benzodiazepine was specifically associated with increased

risk of DRP in opioid-dependent individuals. Co-prescription of z-drugs and gabapentinoids

was also associated with increased mortality risk; however, for z-drugs there was no evi-

dence for a dose–response effect on DRP, and for gabapentinoids the increased mortality

risk was not specific to DRP. Concurrent prescription of benzodiazepine was associated

with longer treatment but still increased risk of death overall. Clinicians should be cautious

about prescribing benzodiazepines to opioid-dependent individuals.

Author summary

Why was this study done?

• Deaths in opioid-dependent individuals are increasing despite the fact that many receive

opioid agonist therapy, an effective treatment.

• It is possible that medicines prescribed in addition to opioid agonist treatment may

influence risk of death, even if these medicines also increase retention in treatment.

What did the researchers do and find?

• Using a large database of medical records from UK primary care linked to death rec-

ords, the researchers examined both risk of death and treatment duration amongst indi-

viduals receiving opioid agonist treatment according to whether they were also

prescribed certain sedative medicines.

Benzodiazepines, z-drugs and gabapentoids and mortality risk with opioid substitution therapy
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• They found that individuals additionally prescribed a particular type of sedative—ben-

zodiazepines—had increased risk of death from overdose, despite staying in treatment

longer.

• This pattern wasn’t seen with the other additional prescribed medicines considered.

What do these findings mean?

• These findings may mean that, in individuals dependent on opioids, taking benzodiaze-

pines may cause an increased risk of death from overdose.

• If this is true, then prescribing benzodiazepines to opioid-dependent individuals should

be avoided.

• It may be that amongst individuals receiving opioid agonist treatment, those prescribed

benzodiazepines are different from those who don’t receive a benzodiazepine prescrip-

tion in ways we were unable to consider, and that it is some aspect of this difference that

increases their risk of death from overdose.

Introduction

Deaths amongst users of illicit opioids are increasing despite the fact that in many jurisdic-

tions, such as the UK, a high proportion of users are in treatment [1]. Evidence suggests that

opioid substitution therapy (OAT) is effective in improving health and, in individuals on long-

term maintenance therapy, in reducing mortality risk [2–6]. Though mortality rates are high-

est amongst users not in treatment, deaths during treatment and following the end of treat-

ment are still observed [6,7]. Several aspects of treatment may influence this mortality risk,

and clinical guidelines emphasise these [8]. Guidelines typically advise against additional pre-

scription of drugs that may potentiate the respiratory depressive effects of opioids and increase

risk of overdose death [9]. These drugs include benzodiazepines, “z-drugs” (zaleplon, zolpi-

dem, and zopiclone), and gabapentinoids (gabapentin and pregabalin).

Despite this advice, these drugs are commonly prescribed to opioid-dependent individuals

[10–12]. This practice may reflect both uncertainty around the strength of existing evidence

that the practice is harmful and a belief that additional prescription may have benefits through

increasing treatment retention that have not been investigated yet [13].

We studied the association between additional prescription and treatment retention and

the question of whether additional prescription was associated with overall benefit or harm in

opioid-dependent individuals receiving OAT using data from a UK database of electronic

patient records from primary care linked to a national mortality registry. We examined associ-

ations of concurrent prescription (additional prescribing during OAT) and co-prescription

(additional prescribing during OAT and up to 1 year after OAT) of benzodiazepines, z-drugs,

and gabapentinoids with treatment duration and mortality. We hypothesised that both con-

current and co-prescription of these drugs would be associated with increased mortality risk,

despite any effect on treatment duration. We further hypothesised that a causal basis for such

increased risk would be reflected in a specific association of both concurrent and co-prescrip-

tion with drug-related poisonings (DRPs), a dose–response association of greater risk with

Benzodiazepines, z-drugs and gabapentoids and mortality risk with opioid substitution therapy
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higher doses of the additional drug, and an effect estimate robust to adjustment for possible

confounding.

Methods

Study protocol and pre-specified analyses

Our study protocol was reviewed by the Independent Scientific Advisory Committee of the

Clinical Practice Research Datalink (CPRD) (S1 Protocol). Our full study report including

pre-specified analyses is available at https://www.journalslibrary.nihr.ac.uk/hsdr/hsdr07030#/

abstract.

Ethical approval

Research studies approved by the CPRD Independent Scientific Advisory Committee do not

require additional ethical approval. Scientific approval for this study was given by the CPRD

Independent Scientific Advisory Committee as above, and no additional informed consent

was required as there was no individual patient involvement The permissions covering the

research use of CPRD data are described at https://www.cprd.com/transparency-information.

OAT patients

Data were identified for 49,279 primary care patients within the CPRD (https://www.cprd.

com/home/) who had received methadone or buprenorphine between the study dates of 1 Jan-

uary 1998 and 31 July 2014. CPRD is a large database of anonymised patient records from 674

general practices and over 11 million patients in the UK, and currently collects data from

approximately 7% of the UK population [14]. As described elsewhere, we used diagnostic and

prescription formulation information to exclude 26,324 patients who were prescribed bupre-

norphine or methadone for pain relief, as well as 9,950 patients who received doses below the

minimum expected for OAT (i.e., at least 20 mg methadone or 4 mg buprenorphine per day)

[15]. We also excluded patients who were aged<15 or >64 years at the start of the study based

on an assumption that their opioid prescription was less likely to be for OAT. This left a total

of 667,288 prescriptions related to 12,118 patients; 65% were only prescribed methadone, 22%

only buprenorphine, and 13% both medications (S1 Patient Flowchart).

OAT episodes

For each individual, we classified their follow-up time into episodes on and off OAT. These

covered the period on treatment and the period off treatment up to 1 year after the prescrip-

tion ended. An individual could experience several consecutive episodes of OAT. We defined

a new episode of OAT where a gap of>28 days existed between the expected completion of

one prescription and the start of the next, or, in other words, where the prescription interval

exceeded the prescription duration by more than 28 days.

First (observed) episodes were potentially subject to left censoring because of the study start

date, date of registration with the current practice, or the CPRD up-to-standard date. All last

episodes were right censored because of the study end date, the last collection date by CPRD,

the patient leaving the CPRD practice, death of the patient, or censoring 1 year after cessation

of the last treatment. The earliest of these 5 events defined the end of follow-up. We censored

follow-up at 1 year after the end of the last treatment episode to avoid the dilution of mortality

risks where patients may have been at lower risk due to the possibility of recovery.

Benzodiazepines, z-drugs and gabapentoids and mortality risk with opioid substitution therapy
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Additionally prescribed medications

Ten benzodiazepine and 3 z-drug medications were listed in British National Formulary, with

chapters 4.1 and 4.2 providing information on recommended doses [16]. There were 365,582

prescriptions for the 10 benzodiazepines, 75,926 for the 3 z-drugs, and 23,451 for the 2 gaba-

pentinoids. Treatment episodes were generated in a similar fashion as for OAT except that the

minimum gap was reduced to 14 days for benzodiazepine and z-drugs, reflecting their shorter

recommended treatment duration.

Confounding factors

Adjustment was made for sex, age, year of treatment, comorbidity, UK region, type of OAT,

and OAT period. Comorbidity was calculated based upon 17 chronic illnesses as defined by

Khan et al. [17]. The 3,156 READ codes were translated to the current CPRD medcodes. This

was possible for 2,856 codes. Occurrence of the medcodes within the clinical notes generated

event dates for time-varying covariates. Each occurrence received a weighting from 1 to 6

related to the particular chronic illness. The weights were summed across time and illnesses to

create the index. To take account of associations between benzodiazepine, z-drugs, and gaba-

pentinoids, all other drug exposures were included in models examining the effects of each

main drug.

Deaths

All-cause mortality (ACM) was derived from dates recorded in the clinical notes and from

patient records within CPRD. Dates of death were also available from Office for National Sta-

tistics (ONS) records for a subset of the CPRD patients in England. ONS data included details

of primary and secondary causes of death, allowing DRP to be defined (S1 Table). The ICD-9/

ICD-10 codes assigned in our study are based upon ONS but extended to take account of pos-

sible underreporting in the use of codes relating to non-specific or unknown causes [18]. In

addition, since deaths from DRP contribute to ACM, we examined deaths not attributable to

DRP as a separate category (non-DRP).

Statistical analyses

We investigated the association of concurrent prescription with OAT duration using linear

regression. As duration of treatment episodes was highly positively skewed, we repeated this

analysis after undertaking a log transformation of duration.

We then used Cox proportional hazards survival analysis to analyse mortality risk associ-

ated with co-prescription of benzodiazepines, z-drugs, or gabapentinoids, both on and off

OAT (i.e., within a treatment episode) in unadjusted and adjusted analyses. Where a main

effect of co-prescription was suggested by these analyses, we investigated whether this effect

was modified by an interaction with OAT period (i.e., on or off treatment). For benzodiaze-

pine or z-drug dose effects (2 degrees of freedom), a linear trend was also fitted to examine the

effect of dose, with “high” dose defined as a daily dose above the maximum recommended in

the British National Formulary (S2 Table). Because of smaller numbers, gabapentinoids were

assessed as off/on treatment only.

We then assessed the overall effect of concurrent prescription on mortality risk, using Cox

proportional hazards survival analysis. This analysis effectively allows for the longer OAT

duration associated with concurrent prescription. As sensitivity analyses, we repeated the

main analyses excluding the first treatment episode (to address left censoring).

Benzodiazepines, z-drugs and gabapentoids and mortality risk with opioid substitution therapy
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All analyses were undertaken using Stata version 14.2. We assessed the assumption of con-

stant hazards over time by dividing each episode into weeks 0–4 on treatment, the rest of the

period on treatment, weeks 0–4 off treatment, and the rest of the period off treatment. As a fur-

ther sensitivity analysis, we repeated the analyses using Poisson regression. We also repeated

our survival analysis of the effects of co-prescription on risk of DRP considering competing

risk of death from other causes.

For clarity we include a summary of our analyses and the relevant Stata commands as

S1 Appendix.

Results

Data characteristics

These data contained 29,540 OAT episodes: 17,391 with methadone (median treatment dura-

tion, 0.30 years; range, 0.00–23.00; interquartile range, 0.06–1.07 years), 9,180 with buprenor-

phine (median treatment duration, 0.11 years; range, 0.00–17.00; interquartile range, 0.02–

0.38), and 2,969 episodes relating to more than 1 drug. Total follow-up time was 36,126 per-

son-years, during which there were 17,139 episodes of benzodiazepine treatment, 5,957 epi-

sodes of z-drug treatment, and 2,822 episodes of gabapentinoid treatment. Benzodiazepines

were prescribed during 10,022 OAT episodes in 7,059 patients. Z-drugs were prescribed dur-

ing 4,279 OAT episodes in 2,822 patients. Gabapentinoids were prescribed during 1,827 OAT

episodes in 1,281 patients.

Study participants

Characteristics of study participants are summarised in Table 1. Two-thirds of the sample

were male, and mean age of the sample at study exit was 39 years, with a mean follow-up per

patient of 3.4 years. During the observation period, 42% of individuals in the sample were co-

prescribed benzodiazepines, 20% were co-prescribed z-drugs, and 8% were co-prescribed

gabapentinoids.

Table 1. Description of study participants overall and by cause of death.

Characteristic CPRD CPRD linked to ONS

Total All-cause deaths Total Drug-related poisoning deaths Non-drug/other causes of death

Patients (n) 12,118 657 7,106 113 285

Male (%) 67.3 65.1 68.1 87.6 61.4

Mean (SD) age at exit, years 38.8 (10.4) 47.3 (12.3) 39.3 (10.7) 37.0 (9.6) 51.9 (11.6)

Median (IQR) follow-up, years 2.07 (1.03–4.79) 0.89 (0.29–3.25) 2.09 (1.03–4.82) 1.90 (0.66–4.62) 0.78 (0.20–2.49)

Comorbid at exit (%) 31.4 66.2 32.8 39.8 76.1

Ever prescribed (%)

Benzodiazepine 46.8 58.3 45.0 65.5 52.3

Z-drug 24.0 23.6 26.4 38.9 23.2

Gabapentinoid 8.8 26.5 9.0 8.8 33.0

Concurrent with OAT (%)

Benzodiazepine 42.2 52.5 40.2 61.9 47.0

Z-drug 19.7 20.7 21.8 31.0 22.5

Gabapentinoid 7.6 25.4 7.7 8.8 31.6

CPRD, Clinical Practice Research Datalink; OAT, opioid agonist treatment; ONS, Office for National Statistics.

https://doi.org/10.1371/journal.pmed.1002965.t001
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Unadjusted mortality rates according to participant characteristics other than co-prescrip-

tion are summarised in S3 Table. DRP was higher in men, not significantly associated with

age, higher in the observation period up to 2004, and higher in patients with more comorbid-

ity. Non-drug-related (non-DRP) mortality was higher in women, increased with increasing

participant age and comorbidity, and did not show any evidence of trend across the observa-

tion period. All mortality rates showed considerable regional variation.

Prevalence of co-prescription over time

We examined prevalence of co-prescription amongst patients on OAT between 1998 and

2014. Benzodiazepine co-prescription decreased over this period from 43% (95% CI 40% to

46%) in 1998 to 28% (95% CI 26% to 29%) in 2014. In contrast, co-prescription of z-drugs

remained constant at 13% (95% CI 11% to 15%), while co-prescription of gabapentinoids

increased from 0.5% (95% CI 0.1% to 1.1%) in 1998 to 12% (95% CI 11% to 14%) in 2014.

Association of concurrent prescription of benzodiazepines, z-drugs, and

gabapentinoids with duration of OAT episodes

In total, 27,598 of 29,540 episodes of OAT were available for this analysis. During 2,969 of

these episodes, more than 1 substitute drug was prescribed: We included 1,027 episodes where

methadone and buprenorphine were prescribed consecutively but excluded 1,942 episodes

where other opioid substitutes such as dihydrocodeine were prescribed. Of these 27,598

OAT episodes, 17,111 (62%) had no concurrent prescription. Buprenorphine episodes were

considerably shorter than methadone episodes (Table 2). Concurrent prescription of both ben-

zodiazepines and z-drugs was associated with a similar proportional increase in duration of

both methadone and buprenorphine treatment episodes (adjusted mean duration of OAT

episode without concurrent prescription of benzodiazepine 244 [95% CI 236 to 252] days, with

concurrent prescription of benzodiazepine 416 [95% CI 404 to 429] days, with concurrent

Table 2. Comparison of median, unadjusted mean, and adjusted mean opioid agonist treatment (OAT) duration with concurrent prescription of benzodiazepines,

z-drugs, and gabapentinoids, by OAT type.

OAT prescribed Concurrent prescription Number of episodesa Median duration Unadjusted mean duration (95% CI) Adjustedb mean duration (95% CI)

Any OATc None 17,111 62 231 (223 to 240) 244 (236 to 252)

Benzodiazepine 7,961 147 423 (410 to 437) 416 (404 to 429)

Z-drug 3,165 223 448 (427 to 469) 441 (421 to 461)

Gabapentinoid 1,405 86 270 (239 to 301) 189 (159 to 219)

Methadone None 10,662 84 272 (261 to 284) 286 (275 to 297)

Benzodiazepine 5,283 182 471 (453 to 489) 466 (450 to 483)

Z-drug 1,930 277 491 (462 to 520) 483 (456 to 511)

Gabapentinoid 745 125 346 (301 to 392) 224 (180 to 268)

Buprenorphine None 5,983 32 131 (121 to 140) 135 (126 to 144)

Benzodiazepine 2,250 59 231 (214 to 248) 234 (217 to 250)

Z-drug 953 93 270 (244 to 296) 266 (240 to 291)

Gabapentinoid 628 52 180 (149 to 212) 140 (109 to 171)

Duration is reported as days.
aIncludes OAT episodes where more than 1 drug was concurrently prescribed. For both types, this involved 2,044 episodes.
bAdjusted for sex, age, year, comorbidity, region, and, where applicable, OAT type and concurrent prescription of benzodiazepine, z-drug, or gabapentinoid.
cIncludes episodes of only methadone, only buprenorphine, or both medications consecutively prescribed.

https://doi.org/10.1371/journal.pmed.1002965.t002
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prescription of z-drug 441 [95% CI 421 to 461] days, and with concurrent prescription of gaba-

pentinoid 189 [95% CI 159 to 219] days).

Duration of OAT episodes was highly positively skewed; because of this we undertook a log

transformation prior to our analysis and also report interquartile ranges (IQRs) of treatment

duration in addition to the median (Table 3).

Associations of co-prescription with mortality

Benzodiazepines. There was strong evidence of a higher rate of DRP during periods of

benzodiazepine co-prescription (adjusted HR 2.96 [95% CI 1.97 to 4.43], p< 0.001), with evi-

dence of a dose–response relationship (adjusted HR on normal dose 2.51 [95% CI 1.57 to

4.01], p< 0.001; on high dose 4.57 [95% CI 2.46 to 8.47], p< 0.001). There was little evidence

of a difference in rates of ACM and non-DRP according to whether patients were on or off

benzodiazepines (Table 4).

Z-drugs and gabapentinoids. No significant association between co-prescribed z-drugs

and ACM was apparent in adjusted analyses (Table 4). Co-prescribed z-drugs showed an over-

all significant association with DRP but no dose–response effect (adjusted HR for DRP 3.66

[95% CI 1.86 to 7.19], p = 0.001, for normal dose; 1.55 [95% CI 0.59 to 4.06], p = 0.001, for

high dose). Gabapentinoid co-prescription was significantly associated with non-DRP but not

with DRP (DRP adjusted HR 1.54 [95% CI 0.60 to 3.98], p = 0.37; non-DRP adjusted HR 1.83

[95% CI 1.28 to 2.62], p = 0.001). It was not possible to examine evidence for a dose–response

association of mortality with gabapentinoids.

Interactions between benzodiazepine co-prescription and OAT period

There was a strong and significant association between co-prescribed benzodiazepine and

increased risk of death that appeared specific to DRP. We found no evidence of any interaction

of this effect with treatment period (Table 5).

Table 3. Comparison of log opioid agonist treatment (OAT) duration, plus interquartile range (IQR) of duration, for concurrent prescription of benzodiazepines,

z-drugs, and gabapentinoids, by OAT type.

OAT prescribed Concurrent prescription Unadjusted Adjusteda IQR

Any OATb None Ref Ref 13–230

Benzodiazepine 0.64 (0.56, 0.71) 0.48 (0.42, 0.54) 27–568

Z-drug 0.88 (0.79, 0.98) 0.77 (0.69, 0.85) 53–688

Gabapentinoid 0.13 (−0.01, 0.27) 0.23 (0.10, 0.36) 18.5–362.5

Methadone None Ref Ref 18–308

Benzodiazepine 0.63 (0.56, 0.71) 0.49 (0.42, 0.55) 44–712.5

Z-drug 0.91 (0.82, 1.00) 0.78 (0.69, 0.86) 84–878

Gabapentinoid 0.21 (−0.002, 0.43) 0.20 (0.02, 0.38) 29–629

Buprenorphine None Ref Ref 9–139

Benzodiazepine 0.63 (0.50, 0.76) 0.43 (0.32, 0.54) 14–382.5

Z-drug 0.97 (0.82, 1.13) 0.64 (0.50, 0.78) 35–524.5

Gabapentinoid 0.16 (−0.02, 0.34) 0.30 (0.13, 0.47) 13–226

Treatment episodes as in Table 2.
aAdjusted for sex, age, year, comorbidity, region, and, where applicable, OAT type and concurrent prescription of benzodiazepine, z-drug, or gabapentinoid.
bIncludes episodes of only methadone, only buprenorphine, or both medications consecutively prescribed.

https://doi.org/10.1371/journal.pmed.1002965.t003
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Table 4. Mortality rates and hazard ratios for all-cause mortality, DRP, and other causes of death by co-prescription exposure to benzodiazepines, z-drugs, or gaba-

pentinoids in people with opioid dependency in primary care.

Co-prescription Deaths PY MR (per 100 PY) Unadjusted Adjusteda

HR (95% CI) p-Value HR (95% CI) p-Value

All-cause mortality
Benzodiazepine

Off 513 28,766 1.78 1 (ref) 0.718 1 (ref) 0.105

On 144 7,361 1.96 1.03 (0.86 to 1.25) 1.17 (0.97 to 1.42)

Off 513 28,766 1.78 1 (ref) 0.595 1 (ref) 0.263

On normal dose 116 5,909 1.96 1.00 (0.82 to 1.22) 1.18 (0.96 to 1.46)

On high dose 28 1,452 1.93 1.22 (0.83 to 1.78) 1.12 (0.75 to 1.66)

Linear effect of dose — — — 1.05 (0.91 to 1.22) 0.507 1.11 (0.96 to 1.29) 0.158

Z-drug

Off 606 34,264 1.77 1 (ref) 0.014 1 (ref) 0.124

On 51 1,862 2.74 1.43 (1.08 to 1.91) 1.26 (0.94 to 1.69)

Off 606 34,264 1.77 1 (ref) 0.048 1 (ref) 0.280

On normal dose 29 1,008 2.88 1.42 (0.98 to 2.06) 1.21 (0.83 to 1.78)

On high dose 22 854 2.58 1.45 (0.95 to 2.22) 1.34 (0.86 to 2.11)

Gabapentinoid

Off 574 35,129 1.63 1 (ref) <0.001 1 (ref) <0.001

On 83 998 8.32 2.79 (2.20 to 3.54) 1.71 (1.33 to 2.20)

DRP
Benzodiazepine

Off 74 16,270 0.45 1 (ref) <0.001 1 (ref) <0.001

On 39 3,679 1.06 2.35 (1.59 to 3.47) 2.96 (1.97 to 4.43)

Off 74 16,270 0.45 1 (ref) <0.001 1 (ref) <0.001

On normal dose 25 2,889 0.87 1.93 (1.22 to 3.04) 2.51 (1.57 to 4.01)

On high dose 14 790 1.77 3.83 (2.16 to 6.80) 4.57 (2.46 to 8.47)

Linear effect of dose — — — 1.95 (1.50 to 2.54) <0.001 2.22 (1.69 to 2.92) <0.001

Z-drug

Off 98 18,838 0.52 1 (ref) 0.001 1 (ref) <0.001

On 15 1,110 1.35 2.52 (1.46 to 4.34) 2.75 (1.57 to 4.83)

Off 98 18,838 0.52 1 (ref) 0.001 1 (ref) 0.001

On normal dose 10 593 1.69 3.17 (1.65 to 6.09) 3.66 (1.86 to 7.19)

On high dose 5 517 0.97 1.78 (0.72 to 4.37) 1.55 (0.59 to 4.06)

Gabapentinoid

Off 108 19,410 0.56 1 (ref) 0.212 1 (ref) 0.373

On 5 538 0.93 1.79 (0.72 to 4.46) 1.54 (0.60 to 3.98)

Non-DRP
Benzodiazepine

Off 235 16,628 1.41 1 (ref) 0.302 1 (ref) 0.549

On 50 3,757 1.33 0.85 (0.63 to 1.16) 0.91 (0.66 to 1.25)

Off 235 16,628 1.41 1 (ref) 0.497 1 (ref) 0.711

On normal dose 44 3,007 1.46 0.88 (0.64 to 1.22) 0.94 (0.67 to 1.32)

On high dose 6 751 0.80 0.67 (0.30 to 1.52) 0.72 (0.31 to 1.66)

Linear effect of dose
Z-drug 265 19,252 1.38 1 (ref) 0.266 1 (ref) 0.342

Off 20 1,134 1.76 1.29 (0.82 to 2.04) 0.79 (0.49 to 1.28)

On 265 19,252 1.38 1 (ref) 0.470 1 (ref) 0.669

(Continued)
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Overall association of concurrent prescription with mortality risk

There was no evidence of any beneficial effect of concurrent prescription such as might arise

through increased treatment duration. All concurrent prescription was associated with

increased risk of all mortality classes (e.g., HR for DRP with concurrent prescription of benzo-

diazepine 3.34 [95% CI 2.14 to 5.20], p< 0.001; concurrent prescription of z-drug 1.64 [95%

CI 1.02 to 2.64]; p< 0.001) (Table 6).

Sensitivity analyses

Similar results for all main analyses were seen using Poisson regression instead of Cox propor-

tional hazards regression (S4 Table) and when the first treatment episode was excluded (S5

Table). Consideration of competing risk of death from other causes did not materially change

our survival analysis of the effects of co-prescription on risk of DRP (S6 Table).

Discussion

Principal findings

We found that the proportion of opioid-dependent patients prescribed a benzodiazepine fell

between 1998 and 2014. Nevertheless, in 2014 almost a third of patients on OAT were co-pre-

scribed a benzodiazepine (mainly diazepam). We found strong evidence of substantially

increased mortality risk amongst opioid-dependent patients in primary care who were

Table 4. (Continued)

Co-prescription Deaths PY MR (per 100 PY) Unadjusted Adjusteda

HR (95% CI) p-Value HR (95% CI) p-Value

Off 12 601 2.00 1.42 (0.79 to 2.54) 0.84 (0.45 to 1.54)

On normal dose 8 532 1.50 1.14 (0.57 to 2.32) 0.76 (0.35 to 1.62)

On high dose

Gabapentinoid 239 19,815 1.21 1 (ref) <0.001 1 (ref) 0.001

Off 46 571 8.06 3.37 (2.44 to 4.65) 1.83 (1.28 to 2.62)

Unadjusted p-values test for differences in mortality rates by co-prescription treatment. High and normal doses are defined in S2 Table.
aAdjusted for sex, year, comorbidity, region, OAT type, OAT period, and, where applicable, benzodiazepine, z-drug, and gabapentinoid exposure. Linear trend was

applied to ln(IRR). IRR for on high dose was estimated as on normal dose squared. The deviation from linearity for adjusted models for benzodiazepine: p = 0.4168 and

0.5352 for all-cause mortality and DRP, respectively.

DRP, drug-related poisoning; HR, hazard ratio; IRR, incidence rate ratio; MR, mortality rate; OAT, opioid agonist treatment; PY, person-years of follow-up.

https://doi.org/10.1371/journal.pmed.1002965.t004

Table 5. Survival analysis results for interactions between co-prescribed benzodiazepines and OAT period (on or off treatment) in relation to the effect on risk of

drug-related poisoning.

OAT period Co-prescribed benzodiazepine Deaths PY MR (per 100 PY) Unadjusted Adjusteda

HR (95% CI) p-Value HR (95% CI) p-Value

On Off 24 10,091 0.24 1 (ref) 0.896 1 (ref) 0.997

On 20 2,914 0.69 2.87 (1.58 to 5.20) 0.001 2.92 (1.60 to 5.33) 0.001

Off Off 50 6,179 0.81 1 (ref) 1 (ref)

On 19 764 2.49 3.02 (1.78 to 5.15) <0.001 2.92 (1.70 to 5.02) <0.001

Interaction p-value shown in bold.
aAdjusted for sex, year, comorbidity, region, OAT type, OAT period, and, where applicable, benzodiazepine, z-drug, and gabapentinoid exposure.

HR, hazard ratio; MR, mortality rate; OAT, opioid agonist treatment; PY, person-years of follow-up.

https://doi.org/10.1371/journal.pmed.1002965.t005
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prescribed benzodiazepines. This increased risk was specific to deaths from DRP, occurred

during and after opioid substitution treatment, and was higher with doses of benzodiazepines

above those recommended in the British National Formulary. Adjustment for measured possi-

ble confounding factors did not reduce these estimates of effect.

OAT reduces mortality risk; however, whether prescribed during OAT or in the 12 months

after leaving OAT, benzodiazepines increased mortality risk from DRP by approximately

3-fold. We found no evidence of an interaction between the effect of benzodiazepine co-pre-

scription on mortality risk and treatment period. This is probably because most opioid-depen-

dent individuals continue using illicit opioids in the year following the end of a treatment

episode [3]. We also found evidence that concurrent prescription of benzodiazepines was asso-

ciated with longer OAT episodes. In general, longer OAT duration is associated with lower

mortality. However, we found no evidence that the longer treatment duration associated with

concurrent benzodiazepine prescription led to an overall reduction in mortality [3,7,19].

Z-drugs when co-prescribed with OAT were also associated with increased risk of mortal-

ity. This increased risk was seen both for ACM and DRP but showed no evidence of a dose–

response effect. Co-prescription of gabapentinoids was associated with increased risk of ACM.

This effect was substantially attenuated on adjustment for possible confounding factors.

Comparison with other studies

Studies from North America have shown increased risk of both mortality from overdose and

hospital attendance for overdose amongst patients prescribed both benzodiazepines and opi-

oids [20,21]. These studies did not specifically examine effects in opioid-dependent individuals

receiving OAT, and they acknowledged their limited ability to infer causality. A previous study

from Scotland did examine the effects of benzodiazepine co-prescription amongst patients

receiving methadone [10]. In keeping with our own findings, this study found no strong evi-

dence of increased risk of ACM amongst co-prescribed patients, whereas an increase in DRP

(HR 4.35 [95% CI 1.32–14.30], p< 0.05) was apparent in adjusted analyses. Only limited infor-

mation on other patient characteristics was available in the Scottish study, constraining the

ability to address confounding; possible dose–response effects were not assessed, and specific

effects of concurrent prescription were not examined.

Table 6. Survival analysis showing overall effect of concurrent exposure to benzodiazepines or z-drugs.

Mortality Concurrent exposure with OAT Unadjusted Adjusteda

HR (95% CI) p-Value HR (95% CI) p-Value

All cause None 1 (ref) 0.052 1 (ref) <0.001

Benzodiazepine 1.22 (1.04 to 1.42) 1.87 (1.55 to 2.25)

Z-drug 0.97 (0.79 to 1.19) 1.37 (1.09 to 1.72)

DRP None 1 (ref) 0.001 1 (ref) <0.001

Benzodiazepine 1.98 (1.35 to 2.90) 3.34 (2.14 to 5.20)

Z-drug 1.24 (0.81 to 1.89) 1.64 (1.02 to 2.64)

Non-DRP None 1 (ref) 0.570 1 (ref) <0.001

Benzodiazepine 1.10 (0.86 to 1.40) 1.73 (1.28 to 2.33)

Z-drug 1.11 (0.82 to 1.50) 1.37 (0.95 to 1.96)

Results for gabapentinoids are not reported because there was no evidence of an effect of increased treatment duration.
aAdjusted for sex; year; comorbidity; region; OAT type; OAT period; off treatment prescription of benzodiazepine, z-drugs, and gabapentinoids; and, where applicable,

concurrent prescription of benzodiazepines, z-drugs, and gabapentinoids.

DRP, drug-related poisoning; OAT, opioid agonist treatment.

https://doi.org/10.1371/journal.pmed.1002965.t006
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A recent small study from a single practice in London found that a high proportion of

patients on OAT received a concurrent prescription of a benzodiazepine [13]. In keeping

with our study, this study showed that concurrent prescription increased treatment duration.

The overall effect on mortality of this increased treatment was not studied, though the

authors suggested this would be positive. A recent Swedish register-based study examined

effects on mortality amongst opioid-dependent individuals receiving OAT with co-prescrip-

tion of benzodiazepines, z-drugs, and pregabalin [22]. This study included considerably

fewer patients and had shorter follow-up than our own. Co-prescription of all these drugs

was associated with increased risk of mortality, though for benzodiazepines this risk was

stronger in relation to ACM than DRP. Dose–response effects were not examined, and

adjustment for possible confounding was limited by a relative lack of information on other

patient characteristics. This study did not consider effects on treatment duration. Two recent

Canadian case–control studies considered the effects of concomitant gabapentinoid prescrip-

tion amongst patients prescribed opioids for any reason other than palliative care or cancer

and found evidence of increased risk of opioid-related death associated with both gabapentin

and pregabalin prescription [23,24]. A recent research letter describes an increase in use of

gabapentinoids in the US between 2002 and 2015 and also highlights increases in patients

being prescribed gabapentinoids, opioids, and benzodiazepines concomitantly [25]. Pharma-

covigilance around gabapentinoid prescribing has been increased in the US in response to

concerns of harms associated with these medicines [26]. A further study also based on CPRD

data also found evidence that prescribing of gabapentinoids increased in the UK between

1993 and 2017 [27].

The proportion of DRP deaths involving gabapentinoid use is increasing in the UK, and in

most of these deaths opioid use is also recorded [28]. There is also animal evidence that gaba-

pentinoids enhance the respiratory depressant effect of opioids [29].

Strengths and limitations of this study

To our knowledge, our study is the largest and most detailed to date to examine the question

of the effects of prescription of benzodiazepines, z-drugs, and gabapentinoids amongst opioid-

dependent patients receiving OAT in primary care. Prospective observational studies based on

administrative data provide the most robust means available to study this important clinical

issue. Such studies are inevitably prone to bias, particularly confounding by indication. This is

also true of our own study, though we adjusted for a wide range of possible confounding fac-

tors. Statistical methods based on propensity scores and the use of instrumental variables such

as physician prescribing preference have been used in attempts to reduce this bias [30]. We

have previously found that the former provide little benefit, as have others [15,31]. We were

unable to identify an instrument suitable to allow the latter. We provide the strongest evidence

currently available that benzodiazepine co-prescription in opioid-dependent individuals is of

itself a cause of increased risk of death from DRP rather than a marker of other patient charac-

teristics that influence risk of death. This evidence is less strong in relation to the increased

mortality risk seen with co-prescription of z-drugs and gabapentinoids. Patients receiving

OAT may obtain benzodiazepines, z-drugs, or gabapentinoids from non-prescribed sources,

and we were unable to measure this. The resulting exposure misclassification would be

expected to dilute any apparent mortality increase seen with co-prescription. Individuals in

CPRD are broadly representative of the population of England [14]. As the phenomena we

investigated are likely to be pharmacologically mediated, we think our findings may be appli-

cable in other countries.

Benzodiazepines, z-drugs and gabapentoids and mortality risk with opioid substitution therapy

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002965 November 26, 2019 12 / 16

https://doi.org/10.1371/journal.pmed.1002965


Conclusions and policy implications

Our findings may have implications for clinical policy. Prescription of benzodiazepines to opi-

oid-dependent patients during OAT or whilst still using illicit opioids should generally be

avoided, other than when clinical judgement suggests that the benefits of this are likely to be

greater than the harms. Clinical guidelines should emphasise this point. We found some evi-

dence that guidelines may be having an impact, as the prevalence of co-prescription fell over our

observation period. In contrast, in North America, though the prevalence of co-prescription is

lower overall than in the UK, it appears to be increasing [32]. In the UK, some funding for pri-

mary care is linked to treatment quality indicators [33]. Benzodiazepine co-prescription with

OAT could be used as a quality indicator in this way. Additional educational support to practi-

tioners and psychological support to patients could also be offered in response to evidence of

co-prescription. Periodic urine toxicology is widely used in OAT to monitor treatment compli-

ance and could also be used to detect concomitant use of non-prescribed benzodiazepines, and

additional support to reduce this offered. Our data provided some evidence that co-prescription

of z-drugs in OAT patients may increase DRP risk such that continued recommendation against

their co-prescription in guidelines, alongside the additional measures described above for ben-

zodiazepines, seems appropriate. Our data did not show a significant association between co-

prescription of gabapentinoids to patients receiving OAT and increased risk of DRP. These anal-

yses were underpowered. Further analyses on the effects of gabapentinoid co-prescription based

on large clinical databases are needed and will soon be feasible given increases in the coverage of

clinical databases and apparent increases in the prescribing of gabapentinoids.
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