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Aims: This article sought to study the association between patterns of benzodiaze-

pine (BZD) use and the risk of hip and forearm fractures in people aged 50 and

75 years or more.

Methods: In a representative cohort of the French National Health Insurance Fund

of individuals aged 50 years or older (n = 106 437), we followed up BZD dispensing

(reflecting their patterns of use) and the most frequent fall-related fractures (hip and

forearm) for 8 years. We used joint latent class models to simultaneously identify

BZD dispensing trajectories and the risk of fractures in the entire cohort and in those

75 years or older). We used a survival model to estimate the adjusted hazard ratios

(aHRs) between these trajectories and the risk of fractures.

Results: In the entire cohort, we identified 5 BZD trajectories: non-users (76.7% of

the cohort); occasional users (15.2%); decreasing users (2.6%); late increasing users

(3.0%); and early increasing users (2.4%). Compared with non-users, fracture risk was

not increased in either occasional users (aHR = 0.99, 95% confidence interval

[CI] 0.99–1.00) or in decreasing users (aHR = 0.90, 95% CI 0.74–1.08). It was signifi-

cantly higher in early increasing users (aHR = 1.86, 95% CI 1.62–2.14) and in late

increasing users (aHR = 1.39, 95% CI 1.15–1.60). We observed similar trajectories

and risk levels in the people older than 75 years.

Conclusion: Occasional BZD use, which is compatible with current recommendations,

was not associated with an excess risk of the most frequent fall-related fractures in

people older than 50 or 75 years.
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1 | INTRODUCTION

Fractures are a frequent consequence of falls; in older people, they

may lead to functional disability, decrease quality of life and auton-

omy, and even result in death.1,2 Hip and forearm fractures are the

most frequent types resulting from single or repeated falls; shoulder

and ankle fractures are less frequent.3 More than 87% of hip fractures

are associated with falls by persons aged 65 years or more.4 They are

associated with a higher risk of mortality in elderly people5,6 and a

decrease in their life expectancy.7

Strong evidence shows that use of sedative–hypnotic and anxio-

lytic benzodiazepines (BZD) increases the risk of falls or fractures in

older people,8–11 especially long-acting BZD.1 Three meta-analyses

exploring the association between drug use and falls in older people
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have reported concordant results,12–14 with pooled odds ratios for

the association between BZD use and falls ranging from 1.39 (95%

confidence interval [CI] 1.24–1.54)12 to 1.57 (95% CI 1.43–1.72).14

Multiple mechanisms explain this increased risk: sedation, vertigo,

reduced alertness, and balance or visual disorders.15

Studies have also demonstrated that the risk of falls is higher at

the very beginning of BZD treatment (24–120 hours after the first

intake)8,16; this risk is also higher in patients taking BZD with co-

prescribed psychotropic drugs such as antidepressants, antipsychotics

or other hypnotic drugs than it is in those with a single BZD prescrip-

tion and none of these co-prescriptions, especially among older peo-

ple.10,13,14 The association between BZD use and fractures in older

people has also been demonstrated.17 Nevertheless, we have not

found any studies addressing the risks of falls and fall-related injuries

or fractures in relation to temporal patterns of BZD use over the long

term (several years). In 2 earlier cohort studies of hypnotic and anxio-

lytic BZD use over a period of 8 years or more, we found that BZD

use follows various patterns of temporal dynamics.18,19 Occasional

use (periods of use lasting several weeks, from time to time) was the

most frequent temporal pattern in BZD users. This use pattern is com-

patible with current guidelines regarding BZD use, which recommend

occasional short-term (4–12 weeks) use of BZD.20–23 The question

remains as to whether this use is safe, in terms of risks of falls.

This article sought to quantify the risk of the most frequent fall-

related fractures (of the hip and forearm) in people aged 50 and

75 years or more using hypnotic or anxiolytic BZD occasionally or

briefly (occasional use), over a long period of time and compared with

non-users, after adjustment for a variety of clinical and medical

characteristics.

2 | METHODS

2.1 | Data sources

The study used reimbursement data from the French National

Healthcare Insurance Fund (NHIF). Data were anonymously extracted

from the Echantillon Généraliste des Bénéficiaires database (EGB, or

permanent sample of beneficiaries), with the authorisation of the

French National Data Protection Authority. The EGB was created in

2005 by a national random sampling of 1/97th of the French popula-

tion, stratified for age and sex. It records information about the health

care consumption of insured individuals and includes data on reim-

bursement claims for drugs purchased at community pharmacies, clas-

sified with the Anatomical Therapeutic Chemical (ATC) index. It also

includes information about long-term illness (LTI) status; on request

from the general practitioner, this status can be granted to patients

with specifically authorised expensive diseases to exempt them from

copayments.

This database is a permanent representative, and anonymised

sample of persons affiliated with the 3 major NHIFs in France.24

These funds cover 86% of the French general population and include

salaried workers and their dependents, even after they have retired,

lost their jobs, or became permanently disabled. People with very low

incomes are also covered by this fund through special supplementary

health insurance (CMU-C) designed for those who could otherwise

not afford it. Because data for those covered by the other 2 funds

(agricultural workers and farmers, and the self-employed, with their

dependents) were only included in the EGB in 2011, we limited this

study to salaried workers and their families.24

The EGB is a dynamic cohort, updated every 3 months with regis-

tered births and foreign immigrants taking up employment in France

(and their eligible dependents). It is linked to the French Medical Infor-

mation System (PMSI), the hospital discharge database, which includes

the diagnoses associated with all episodes of hospitalisation, coded

according to the International Classification of Diseases, 10th revision

(ICD-10). The PMSI covers all French public and private hospitals,

except military and psychiatric hospitals.

2.2 | Study population

This cohort comprises the 106 437 persons aged 50 years or more

included in the EGB on 1 January 2009, who had had no BZD dis-

pensed in 2008 nor any history of hip or forearm fracture (defined

below) that year. We followed them up until the day of any first

hip or forearm fracture or until the end of the study period

(31 December 2016). Those who died or withdrew from the insur-

ance fund covered by the EGB during the follow-up period were

censored at the date of the event. BZD exposure (defined below)

that began after the hip or forearm fracture during follow-up was

not used in the analysis to ensure that exposure preceded the

event of interest.

What is already known about this subject

• Hip and forearm fractures, which are the most frequent

fractures resulting from falls in older people, may

decrease their autonomy and life expectancy.

• Sedative–hypnotic and anxiolytic benzodiazepines are

known to increase the risk of falls in older people.

• Benzodiazepine use may follow various temporal pat-

terns, including occasional use compatible with current

guidelines.

What this study adds

• No excess risk of hip and forearm fractures was found in

occasional users of benzodiazepines either in a cohort of

people aged 50 years or more, or in the group aged

75 years or more, compared with nonusers.
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2.3 | Hip and forearm fractures

We studied hip and forearm fractures in this study, because they are

the most frequent consequence of single or repeated falls, they

almost always lead to hospital care,3 and can be reliably identified

through the PMSI. We defined a fracture as the first hospitalisation

with an ICD-10 diagnosis of S72.0, S72.1, S72.2 (hip fractures) or S52

(fractures of forearm) during the follow-up period.

2.4 | BZD exposure

Using the ATC information in the EGB, we collected all anxiolytic and

hypnotic BZDs and their derivatives marketed in France and dis-

pensed during the study period. Selected BZDs and their

corresponding ATC codes are listed in Supplementary Table S1. Clo-

nazepam and tetrazepam were excluded because they are not

authorised in France for the treatment of anxiety.

As in our previous studies, which used trajectory analysis of hyp-

notic and anxiolytic BZD dispensing,18,19 the study period was

discretised into 3-month intervals (max = 32 quarters for an

uncensored person with no hip or forearm fracture during the 8-year

follow-up). For each quarter, we built the binary variable BZD dis-

pensed at least once (yes/no). Trajectories of BZD dispensing were esti-

mated according to whether BZD was dispensed in each of these

quarters (statistical units). BZD dispensing trajectories were consid-

ered proxies for BZD use trajectories.

The BZD trajectories identified were characterised according to

the number and duration of BZD treatment episodes during the

follow-up period. Based on a published methodology,18,19,25 the dura-

tion of each BZD treatment episode was estimated from information

about the dates on which these drugs were dispensed. Because

French pharmacies are not allowed to deliver more than 28 days'

worth of a drug treatment, we defined discrete 28-day periods after

the first dispensing. Over each 28-day period, we postulated that the

cumulative duration of BZD treatment was 28 days if it was dispensed

at least once, regardless of the number of medicine packages deliv-

ered. A treatment episode was considered either completed or discon-

tinued if it was not renewed within 56 days after the last delivery

(i.e. the 28-day period started at delivery plus the following 28-day

period without a delivery). Repetition, during the follow-up period, of

these nonrenewals indicated occasional use and enabled it to be dif-

ferentiated from continuous use.

2.5 | Patients' characteristics

Patient characteristics included demographic information at inclusion

(age and sex only). We then intentionally assessed a large number of

variables associated with a risk of falls in the literature.26,27 As we did

for BZDs, we collected information about the other drugs dispensed

during the follow-up period and associated with the risks of falls12–14:

antidepressants, antipsychotics, antiepileptics, oral antidiabetics,

antihypertensive agents and drugs used in alcohol dependence (see

Supplementary Table S2). Binary variables were built for each drug

class: at least 1 delivery during the follow-up period. Using a published

methodology,28 we also used hospital discharge data and data about

to the LTI status available in the French social insurance system to

identify persons with long-term diseases also associated with the risks

of falls or fractures (see Supplementary File S2): Parkinson disease,

Alzheimer disease (or related dementias), epilepsy, psychiatric disor-

ders, osteoporosis, age-related macular degeneration, diabetes and

cardiovascular diseases.15 We also calculated a pharmacy-based

somatic multimorbidity score for each year of follow-up. We assigned

dispensed drugs to 14 chronic somatic conditions. A chronic condition

was considered present when a person received at least 1 drug

belonging to 1 of the 14 ATC groups in 1 year (see Supplementary

Table S3). An individual chronic condition score was then calculated

for each year of follow-up as a weighted sum of the patient's chronic

conditions identified by this procedure, as previously published.18,19,29

2.6 | Statistical analysis

To understand how the repeated marker data (BZD dispensing) and

the risk of a fracture were linked, we used joint latent class models

(JLCMs). This method considers the population of subjects as hetero-

geneous and assumes that it consists of several homogeneous latent

subgroups of subjects (the latent classes) that share the same BZD

dispensing trajectory and the same fracture risk.30,31 JLCMs combine

a class-specific proportional hazard model for the time to first fracture

with a class-specific logistic model of the probability that BZDs are

dispensed in each quarter (see Supplementary File S4). The survival

model was adjusted for the other risk factors for falls and fractures:

demographic information (age and sex), drugs dispensed,26,27 the LTIs

associated with falls listed above, and the somatic multimorbidity

score32 during the follow-up period. To evaluate the risk of fractures

in older people, we performed the analysis in the sample aged 50 years

or older (also referred to as the entire cohort) and in the subsample of

people aged 75 years or older (also referred to as the older cohort).

To evaluate the model's goodness-of-fit, we calculated individual

class-membership probabilities (posterior probabilities) with Bayes' the-

orem, as the probability of belonging to a latent class given the informa-

tion collected.33 Comparisons between observed and predicted

trajectories were also checked to assess the quality of the classification.

The JLCM was estimated with the Fortran program HET-

MIXSURV.34 Other statistical analyses were performed with SAS sta-

tistical software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Cohort characteristics

Of the 106 437 persons included in the entire cohort on 1 January

2009, 52.0% were women and 20.6% were older than 75 years. Their

CARRIER ET AL. 2157



mean follow-up lasted 7.3 years (standard deviation [SD] = 1.8,

range 0.2–8.0) and 12.2% of them died during follow-up. During this

8-year period, 32.3% received at least 1 package of BZD (Table 1) at

the pharmacy. In the older cohort, 35.0% died and 24.2% received at

least 1 package of BZD (Table 1).

3.2 | Incidence of fractures during follow-up

During the follow-up period, 5886 (5.5%) patients had an incident hip

or forearm fracture. The incidence rate of fractures per 100 person-

years was significantly higher in women than in men (0.97 vs 0.54%;

P < 0.001; Figure 1) and increased with age (0.32, 0.69, 1.96 and

4.68% in persons aged 50–64, 65–74, 75–84 and ≥ 85 years

respectively).

3.3 | Trajectories of BZD dispensing over time

Five different BZD trajectories were observed in the entire cohort

over the 8-year follow-up period. Mean posterior class-membership

probabilities in each class exceeded 82%. Trajectories and their char-

acteristics are presented in Figure 2 and Table 2. First, 76.7% of

cohort members (n = 81 667) were non-users with a permanent

almost null probability of BZD dispensing (Trajectory 0).

Then, 15.2% of the entire cohort members were occasional users

(n = 16 224, 65.5% of BZD users) with, on average, at least 1 package

of BZD dispensed in 12.0% of the quarters during follow-up

(Trajectory 1). Their prevalence decreased with age (16.3 vs 11.0% in

persons aged 50–64 and 85 years or older, respectively; P < .001).

The mean number of BZD treatment episodes during the follow-up

period was 2.9 (SD = 1.7). The mean duration of these episodes was

TABLE 1 Study cohort characteristics (permanent sample of beneficiaries 2009–2016—n = 106 437)

≥50 years at inclusion n = 106 437 ≥75 years at inclusion n = 21 852

%a %a

Sex Women 52.0 59.9

Age at inclusion 50–64 57.4

65–74 22.1

75–84 15.2 73.9

≥85 5.4 26.1

Death during follow-up 12.2 35.0

Mean duration of follow-up (y), mean (SD) 7.3 (1.8) 6.0 (2.6)

At least 1 benzodiazepine dispensed during

follow-up

36.3 24.2

At least 1 antidepressant dispensed during follow-up 21.7 27.4

At least 1 antipsychotic dispensed during follow-up 4.8 9.2

At least 1 antiepileptic dispensed during follow-up 15.1 16.3

At least 1 oral antidiabetic dispensed during

follow-up

17.7 19.4

At least 1 antihypertensive agent dispensed during

follow-up

59.1 78.3

At least 1 drug used in alcohol dependence

dispensed during follow-up

0.8 0.1

Parkinson's disease/dementia condition during

follow-up

5.3 18.5

Osteoporosis during follow-up 2.4 40

Age-related macular degeneration during follow-up 1.2 2.6

Diabetes during follow-up 16.5 20.3

Epilepsy during follow-up 1.2 1.7

Psychiatric condition during follow-up 2.2 1.9

Cardiovascular diseases during follow-up 31.1 54.8

Somatic multimorbidity score during follow-up, mean

(SD)

0.4 (0.3) 0.5 (0.3)

aUnless otherwise stated.

SD: standard deviation.
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45.1 days (SD = 55; Table 2). In people aged 75 years or older, 12.6%

were occasional users (n = 2747, 54.0% of the BZD users in the older

cohort). Their mean number of BZD treatment episodes was 2.8

(SD = 1.8) and the mean duration of each episode was 53.1 days

(SD = 70.3; Table 2).

Next (Trajectory 2), we found that 2.6% of the entire cohort

(n = 2755, 11.1% of BZD users) and 2.7% of the older cohort (n = 592,

11.6% of BZD users in this cohort) were decreasing users with a proba-

bility of BZD dispensing decreasing during the follow-up period. Their

prevalence was relatively stable across the age groups (Table 2).

In Trajectory 3 (n = 2559, 2.4% of the entire cohort, 3.6% of the

older cohort), the probability of BZD dispensing increased from the

start of follow-up onwards (early increasing users). In Trajectory

4 (n = 3232, 3.0% of the entire cohort and 4.4% of those in the older

cohort), the probability of BZD dispensing was initially low and started

to increase only after 2 years of follow-up (late increasing users).

Persons in trajectories 3 and 4 were considered chronic BZD users

because they reached a stable level of use after their first BZD

deliveries.

3.4 | Associations between fractures and
trajectories of BZD dispensing

Over the follow-up period, the time-to-event analysis from the JLCM

showed that the risk of hip and forearm fractures was similar in both

occasional users, regardless of age, and non-users (Table 3). The

adjusted hazard ratio (aHR) was estimated at 0.99 (95% CI 0.99–1.00)

for occasional users in the entire cohort and at 1.00 (95% CI

0.99–1.00) in the older cohort. The risk of fractures was also similar

among decreasing users and non-users, in both the entire and the

older cohorts (Table 3).

F IGURE 1 Fractures. Incidence rates
per 100 persons-years according to sex
and age at inclusion (permanent sample of
beneficiaries 2009–2016—n = 106 437)

F IGURE 2 Predicted probabilities* of
benzodiazepine (BZD) dispensing over the
8-year follow-up period for each of the
5 classes identified by the latent class
mixed models (permanent sample of

beneficiaries 2009–2016—n = 106 437).
*: Probabilities of BZD dispensing were
estimated for each quarter of follow-up
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In contrast, we found a significantly higher risk of fractures in

chronic BZD users compared with non-users: aHR = 1.86 (95% CI:

1.62–2.14) for early increasing users and aHR = 1.39 (95% CI

1.15–1.60) for late increasing users in the entire cohort (Table 3). This

risk was also significantly higher for those aged 75 years or older

(Table 3).

4 | DISCUSSION

4.1 | Major findings and comparison with literature

This is the first cohort study addressing the association between hyp-

notic or anxiolytic BZD use and the risk of the most frequent fall-

related fractures (hip and forearm) in people with occasional BZD use,

assessed over 8 years. Occasional use was the most frequent trajec-

tory, identified in 2/3 of BZD users in the entire cohort and half of

those in the older cohort. We found no excess risk of hip and forearm

fractures in these occasional users, compared with non-users (76.7%

of the entire cohort), both age groups. In contrast, the chronic BZD

users (early and late increasing users) had a significantly higher risk of

fractures than nonusers, in both age groups.

This is an important finding, given that occasional users account

for most BZD users. It suggests that short, occasional BZD treat-

ments, as recommended in guidelines, are acceptable in terms of the

risk of the most frequent fall-related fractures.20–23 This finding has

concrete implications for prescribers initiating a BZD treatment. They

should have their patients understand from the outset that treatment

duration should be limited in time and that it may be repeated if nec-

essary, but only from time to time. However, physicians and patients

should remain very cautious at the start of treatment, when the risk

of falls is known to be highest.8,16

The significant excess risk of fractures in elderly chronic BZD

users is in line with the results of meta-analyses that have found an

overall excess risk of the same order of magnitude: HR from 1.39

(95% CI 1.24–1.54)12 to 1.57 (95% CI 1.43–1.72).14 It confirms the

importance of deprescribing BZD in chronic users.20,22,23 In this con-

text, our finding that the decreasing BZD use trajectory (11.1% of all

BZD users) was not associated with an increased risk of fractures is

also important. However, patients' difficulties in stopping the use of

anxiolytic or hypnotic BZD are well known. Overcoming these difficul-

ties may require alternative management of anxiety and insomnia,

such as temporary pharmacological substitution, psychological sup-

port35 or educational intervention and support.36 Patients and physi-

cians should work together to apply and follow a withdrawal plan

involving gradually decreasing doses.37,38 Nevertheless, interventions

aiming to improve quality of care are not always effective in reducing

consumption of BZD in older people.39 Our results suggest that

achieving occasional BZD use may be a reasonable objective for

chronic users, especially if zero use is unattainable.

The prevalence of long-term BZD use in the literature ranges

from 6 to 76%, due to heterogeneity of the definitions of long-term

use and data sources.40 These prevalence rates are higher among

the elderly. We found a similar trend for trajectories 3 and

4, defined by increasing BZD use with time: their prevalence also

increased from younger categories to older ones, although this was

not uniform for those 85 years or older. Any direct comparisons

must be cautious, however, because the statistical methods of pre-

vious studies differ quite substantially from ours (Latent Class

Analysis).

4.2 | Strengths and limitations of the study

The NHIF databases made it possible to use a very large representa-

tive sample of insured persons to analyse BZD use trajectories over a

long period of time (7.3 years on average) and their associated risks of

fractures. The statistical method applied to model these trajectories

avoided biases that can arise in separate analyses, since the individual

trajectories of BZD use were truncated at the time of the first event.

This truncation avoided a reverse causal bias that could arise from

modifications of BZD treatment after fractures. Furthermore, our

results for these trajectories are concordant with our previous study

of those for BZD anxiolytic use in new users older than 50 years19

and thus confirm the consistency of the method used to identify these

use trajectories.

TABLE 3 Crude and adjusted hazard ratios of fractures according to trajectories of benzodiazepine (BZD) dispensing in people aged 50 years
or older and those aged 75 years or older—joint latent class model estimates (permanent sample of beneficiaries 2009–2016—n = 106 437)

≥50 y at inclusion (n = 106 437) ≥75 y at inclusion (n = 21 852)

Trajectories of BZD dispensing
(ref. non-users)

Crude hazard ratios
with 95% CI

Adjusted hazard ratiosa

with 95% CI
Crude hazard ratios
with 95% CI

Adjusted hazard ratiosa

with 95% CI

Occasional users 0.91 0.83–0.99 0.99 0.99–1.00 1.00 0.99–1.00 1.00 0.99–1.00

Decreasing users 0.92 0.85–0.99 0.90 0.74–1.08 0.88 0.67–1.15 0.92 0.68–1.28

Early increasing users 3.35 2.96–3.79 1.86 1.62–2.14 2.08 1.73–2.50 1.87 1.53–2.27

Late increasing users 3.04 2.63–3.52 1.36 1.15–1.60 1.92 1.58–2.33 1.81 1.47–2.23

asurvival model adjusted on: age at inclusion, sex, drugs dispensed during follow-up and long-term diseases (see Supplementary Table S2), somatic

multimorbidity score (see Supplementary Table S3).

CI: confidence interval.
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The study also has some limitations. While reimbursement data

provide information about the delivery of drugs to patients with pre-

scriptions, delivery does not necessarily mean use. This potential bias

might have resulted in some overestimation of the prevalence of BZD

use, especially in the occasional trajectory. The repeated purchase of

BZDs by individuals classified as regular or chronic users suggests that

most of them are indeed used. In the occasional trajectory, only 4% of

cohort members had only a single package of BZDs dispensed during

the follow-up period. Most of the other patients in this trajectory had

several deliveries (mean number = 3) of mean durations of 45 days.

Again, this repeated purchase suggests that drugs were consumed.

Moreover, using pharmacy dispensing data as a proxy for drug utiliza-

tion is recognized as a robust method41,42 and is often used to esti-

mate BZD use among nationwide samples of the general

population.40 Some classification bias between trajectories resulting

from the latent class model cannot be entirely excluded. However, the

mean posterior class-membership probabilities in each class exceed

82%, which indicates that discrimination between the classes was

good; potential misclassification was thus limited. Moreover, descrip-

tive statistics of the trajectories of anxiolytic or hypnotic use publi-

shed in previous papers (including number and mean duration of

treatment episodes) show clear differences between trajectories.18,19

Although our analysis was adjusted for potential confounding fac-

tors (age, sex, comorbidities, other drug treatments), we cannot

exclude some residual confounding. If it occurred, however, it should

not have affected our results about occasional use. Finally, our results

were based on hip and forearm fractures, which are the most frequent

fall-related fractures in the elderly. The frequency of these fractures

was used as a proxy for the risk of falls but was not strictly identical

to it and excluded other injuries that might result from falls but do not

require hospitalisation, such as bruises and haematomas. However,

the NHIF does not reliably record either such injuries or the cause of

every fracture.

4.3 | Implications for practice and research

The findings of this study reinforce the recommendations about the

occasional use of BZD, limited to a maximum of 4–12 weeks. Such

BZD use is acceptable in older people, as it does not appear to

increase the risk of the most frequent severe fractures. These results

also suggest that such a pattern of use may be a reasonable intermedi-

ary objective when attempting to reduce BZD use, since zero use may

be unattainable for some patients. Doctors also need to review older

people's medications frequently to prevent the gradual slip from occa-

sional BZD use to inappropriate regular chronic use. However, further

research is necessary to explore the association between occasional

BZD use and the other side-effects of these drugs, such as cognitive

impairment, especially in older people.
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