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Abstract

Background A work accident constitutes a shock to health, likely to alter mental states and affect the use of psy-
chotropic drugs. We focus on the use of benzodiazepines, which are a class of drugs commonly used to treat anxi-
ety and insomnia. Prolonged use can lead to dependence. Our objective is to determine the extent to which work
accidents lead to benzodiazepine use and overuse (i.e. exceedance of medical guidelines).

Method We use a two-step selection model (the Heckman method) based on data from the French National Health
Data System (Systeme National des Données de Santé, SNDS). Our study sample includes all general plan members who
experienced a single work accident in 2016 (and not since 2007). This sample includes 350,000 individuals in the work
accident group and more than 1.1 million people randomly drawn from the population without work accidents

from 2007 to 2017 (the non-work accident group).

Results The occurrence of a work accident leads to an increase in benzodiazepine use and overuse the follow-

ing year. The selection model shows a clear influence of the accident on the use probability (+39%), but a very slight
impact on the risk of overuse among users (+ 1.7%), once considered the selection effect. The effect on overuse risk
is higher for more severe accidents and among women.

Conclusion The increase in the risk of benzodiazepine overuse is due to an increase in the likelihood of using benzo-
diazepines after a work accident that leads to overuse, rather than an increase in likelihood of overuse among people
who use benzodiazepines. Results call for targeting the first-time prescription to limit the risk of overuse after a work
accident.
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Background

In 2016, in France, 715,130 work accidents (WAs)
(including 13% of commuting accidents) were recorded,
resulting in 768 deaths, more than 40,000 permanent
disabilities, and €5.6 billion of daily allowances [1]. In
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disorders, and post-traumatic stress disorders (PTSD)
[2, 3]. The degradation of mental health is related to the
degree of impairment [4, 5]. Moreover, some studies
show persistence during years after the accident of these
psychiatric symptoms [6, 7], including road accidents
(which represent a particular case of occupational acci-
dents) [8, 9].

These psychiatric symptoms can be treated with vari-
ous medications. Among them, benzodiazepines (BZDs)
are especially useful because they are indicated to treat
anxiety and trouble sleeping. Although controversial,
they are also used to treat PTSD or along with antide-
pressant drugs at the beginning of antidepressant treat-
ment [10, 11]. Like other drugs, they have several adverse
effects, like psychomotor impairment, resulting in motor
vehicle accidents and falls [12]. Moreover, extended
use is associated with a loss of treatment efficacy and
can lead to dependence, with an increased risk of with-
drawal symptoms at standstill [13-15], so it is a source
of inefficiency of treatment. To limit this risk, the French
National Authority for Health (HAS) recommends limit-
ing the duration of prescriptions to four weeks for hyp-
notic BZDs and twelve weeks for anxiolytic BZDs [16,
17]. Yet, in 2014 in France, 14% of new BZD users con-
sumed the drug beyond the recommended treatment
time [18].

The frequency of WAs raises the question of their
impact on BZD overuse. Because a WA may lead to dete-
riorating mental health, BZDs are indicated in short-term
treatment and so likely to be prescribed. However, pro-
longed use could result in inefficiency of treatment and
be counterproductive.

Sex and age appear as the main drivers of BZD use.
Sixty-five percent of consumers in France in 2015 were
women and usage increased with age [18]. The use of
psychotropic drugs (including BZDs) was also related
to the socioeconomic group, with executives and higher
intellectual professions consuming less than those in
intermediate professions, employees, and workers [19].
Nearly 90% of BZD prescriptions are made by general
practitioners (GPs), and 82% of new BZDs treatments are
initiated by GPs [18].

Concerning overuse, the risk factors vary according
to the criteria retained (duration of treatment or several
BZDs taken simultaneously). In studies using duration
of treatment as criteria of BZD overuse, the main driv-
ers are advanced age, comorbidities (in particular history
of depression and sleep disorders), other drugs used (in
particular antidepressants and psychotropic drugs), and
socio-professional characteristics (low educational level,
low household income, and not having a job) [20-23].
The impact of sex on BZD overuse is not consensual: in
some studies, BZD overuse is associated with being a
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man [20, 21], but sometimes the association is not signifi-
cant [22].

In addition, the role of prescriber characteristics on
inappropriate prescriptions (not focused on psychotropic
drugs) is not well established in the literature. Prescrip-
tions by psychiatrists or multiple prescribers seem to be
risk factors [23—25]. Dhalla et al. [24] show an effect of
prescriber characteristics (other predictors were male
sex, age 50 and over, in general practice, and practice in a
rural area), while others do not [26—-28].

Work characteristics may also impact BZD consump-
tion. In most cases, employment protects health status
[29]; however, it can sometimes be pathogenic [30-32].
There are no studies that specifically address the impact
of work on BZD use, but many studies stressed the
impact of work characteristics on psychotropic drug
use, in the case of psychosocial work factors [33, 34] and
low job satisfaction [20]. Other job-related factors play
a role in psychotropic drug use such as organizational
downsizing [35, 36] and mass layoffs (effect on remain-
ing employees) [37]. However, as far as we know, there is
no published study on the impact of WA on psychotropic
drug use.

Our objective is to measure the change in consumption
of BZDs following the occurrence of a WA. The question
is twofold: because WAs affect mental health, they could
indirectly result in higher psychotropic drug consump-
tion, and, in the case of BZD, extended use could be espe-
cially harmful because of the risk of dependence and this
process feeds on itself.

To answer this question, we use the French National
Health Data System (SNDS), which is an administrative
database that contains all information related to reim-
bursed care in France, for the whole population. We dis-
tinguish between the use and overuse of BZDs, overuse
being defined as non-compliance with the maximum
recommended duration of treatment. We proceed in two
steps: first, we use a two-step selection model to estimate
the probability of BZD use and overuse after a WA; sec-
ond, we focus on the population with WA to estimate the
impact of severity of accident on BZD use and overuse.

Considering both the incidence of WAs and the impor-
tant use of BZDs in France (and associated adverse
events), the consequences of WAs on BZD use is a major
question that has not been answered, to our knowl-
edge. We provide here the first consistent analysis of the
impact of a WA on BZD use and overuse. Moreover, pre-
vious studies analyzing risk factors of BZD overuse did
not consider the selection effect in overuse (the need to
be a user before overusing) and therefore confused fac-
tors associated with use and overuse. Our study shows
that WAs increase the risk of BZD use and overuse. How-
ever, the increase in overuse comes from an increase in
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the likelihood of using after the WA, not from a large
increase in the likelihood of overusing among those who
use. Nevertheless, among people with WAs, the longer
the subsequent work interruption, the higher the prob-
ability of overusing BZDs.

Methods

Data

The data come from the French National Health Data
System (SNDS), which is a nationwide administrative
database produced and managed by statutory health
insurance (CNAM). It contains all information relating
to reimbursements made by the CNAM (outpatient care,
hospitalization, and cash benefits) [38]. It also contains
data related to WAs and occupational diseases (ATMP in
French), and it is used by the eponymous branch to reim-
burse insured persons, adjust firm pricing, and prevent
occupational risks.

The information system makes it possible to know the
exact dates of drug dispensation. It contains the follow-
ing information on patients: year of birth, sex, depart-
ment of residence, recipient of universal complementary
health insurance (called CMU-C), and registration in
a long-term disease scheme (called ALD), which allows
exemption from user fees for care relating to registered
diseases. It also contains information about prescrib-
ers (such as medical specialty, sex, and age). The exact
dates and circumstances of WAs are also known. Finally,
ATMP data were available from 2006 to 2017. Informa-
tion on non-ATMP care was available from 2015 to 2017.
Statistical analyses were performed using SAS 9.4 on Red
Hat Enterprise Linux Server 7.4.

Using SNDS data, the CNAM produces the Health-
care Expenditures and Conditions Mapping, which allows
patients to be classified into 58 nonexclusive groups
according to their health status and treatments. This clas-
sification is based on reimbursements specific to some
diseases, medical diagnosis during hospitalization, and
registration as an ALD if applicable, according to the
methodology described by Rachas et al. [39]. We use the
year 2015.

Scope of the study

The study covers the entire French population insured
under the general scheme of the welfare system, i.e.,
employees in the private sector (except farmers) and civil
servants. It covers the period from 2015 to 2017.

The inclusion criteria are as follows: having at least
one treatment reimbursed by the general scheme in 2015
and 2016, and being between 18 and 65 years of age in
2016 (selection of a working-age population). We exclude
persons who died before January 1, 2018, with an occu-
pational injury (WA or professional disease) from 2007
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to 2015 or in 2017 and with more than one occupational
injury in 2016.

Our study population is composed of both people
who have had a single WA in 2016 (and none other since
2007) (WA group) and people who have not had any WA
between 2007 and 2017 (non-WA group). We consider
only recognized WAs, and relapses are not considered.
The selection of the period 2007-2017 for the non-WA
group avoids a disruptive effect related to another dam-
age and therefore allows identification of a “pure” effect
of WAs occurring in 2016. Finally, because of the volume
of data, we make a random selection of one-twentieth of
the population that did not experience a WA from 2007
to 2017.

Definition of use and overuse

In 2016, 19 different BZDs (including two related drugs:
zolpidem and zopiclone) were marketed in pharmacies
in France. We include all of these in this study. All BZDs
have close effects and differ by their kinetics [40], short-
acting BZDs are rather used as hypnotics and long-acting
are rather used as anxiolytics, but there are possible sub-
stitutions. The homogeneity of the drug class in terms of
effects justifies considering them all together.

Purchase dates are calculated around the WA date,
occurring in 2016. To be able to calculate use in the same
way for people with and without WAs, the WAs dates of
the WA group are randomly distributed to the non-WA
group. A month is assimilated to a 30-day period since
prescriptions are often monthly and benzodiazepine
boxes have a capacity of 30 tablets. A year corresponds to
12 times 30-day periods.

At least one BZD purchase defines use. Overuse cor-
responds to at least four months with BZDs issued in five
consecutive months. According to the recommendations,
the maximum duration of treatment with BZDs is twelve
weeks of treatment for anxiolytics and four weeks for
hypnotics (HAS, 2017, 2018). Overuse, therefore, corre-
sponds to noncompliance with the recommended treat-
ment times for anxiolytic BZDs. We apply the same rule
to hypnotics for reasons of simplicity and homogeneity.
We assume that at least four months with at least one dis-
pensation for five consecutive months can characterize at
least twelve weeks of continuous consumption, consider-
ing the variability that there may be in dispensation dates.

Econometric strategy

We estimate the causal effect of the occurrence of a WA
on BZD use and overuse. Estimating the overuse using a
logit or probit may lead to biased results. Indeed, overuse
can only exist among people who consume BZDs, and if
the factors associated with use and overuse differ, there
is a potential selection bias. We use a two-step selection
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method to consider this bias [41, 42]. It consists of esti-
mating via a probit model the probability of using BZDs
(BZDuse)) in the first step (selection equation):

P(BZDuse] = 1|X') = ®(X{B) (1)

With ®() the probability density function of a normal
distribution and

X[B = Po + WA 1 + age,Bs + sex;ps + urbanArea,Bas
+ Xinsurance|fs + XpastBZD) B¢ + Xhealth;' B7 + u;

Then, we estimate the probability of overusing BZDs
(BZDoveruse')) in the population using BZDs after the
WA date in the second step (outcome equation):

P(BZDoveruse{ = 1|Z/,BZDuse] = 1) = ®(Z;3)
)
With

Z8 =80 + WAS1 + age;ss + sex;83 + urbanArea8s + Zinsurance,ss
+ ZpastBZD);8¢ + Zhealth;'5; + Zprescriber 8 + phi + &;

Where

BZDoveruse; = BZDoveruse; if BZDuse} > 0

BZDoveruse; = 0 if BZDuse} <0

In the first step, we explain the BZD use in the year
following the WA by a dummy variable for WA in 2016
(WA); the age in 2016 (age); the sex (sex’, ref.=male);
a variable describing the urban area in 2016 by labor
market size [43] (urbanArea’;, 10 modalities); a vector
of insurance-related variable (Xinsurance’): CMU-C in
2015 (0/1), aid for the payment of supplementary health
insurance (called ACS) in 2015 (0/1), and disabled adults’
allowance (called AAH) in 2015 (0/1), which are mean-
tested benefits and therefore provide information on
income levels; a vector (XpastBZD’;) of BZD use during
the year preceding the WA (four dummies for at least
one BZD use each quarter of the year); and a vector of
health-related variables (Xhealth’) including 15 dummies
of health variables in 2015 from the Healthcare Expendi-
tures and Conditions Mapping: cancers, cardioneurovas-
cular diseases, treatment of vascular risk, inflammatory
or rare disease or HIV/AIDS, neurological or degenera-
tive diseases, psychiatric disorders, chronic end-stage
renal disease, chronic respiratory disease diabetes, liver
or pancreas disease, addictions, other long-term diseases,
maternity, antidepressant dispensation, and dispensation
of neuroleptics; u; is the error term.

In the second step, variables explaining BZD over-
use in the year following the WA are close to the first
step. The past BZD use (ZpastBZD’) includes a dummy
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of BZD overuse in the year preceding the WA in addi-
tion to the four dummies for BZD use in the quarters
of the year. The vector of insurance (Zinsurance’) is
similar to Xinsurance’, Health (Zhealth’) variables are
similar to Xhealth’;, except for inflammatory or rare
disease or HIV/AIDS (0/1) which is absent. Zprescriber’;
is a vector of characteristics of the prescriber of the
first BZD after the WA: medical specialty (GP, psy-
chiatrist, another specialist, non-physician, multiple
BZD prescribers the same day, or missing information),
age (three modalities), and sex. Other variables are
unchanged. Finally, p); is the inverse of the Mill ratio
and ¢, is the error term.

The choice of variables should control for most of the
determinants of BZD use and overuse found in the lit-
erature: demographics, economic disadvantage, chronic
illnesses and use of other psychotropic drugs, and pre-
scriber characteristics. The past use of BZDs is also
supposed to be a strong predictor of current use, and it
controls for reverse causality, as BZD use may increase
the risk of WAs [44].

The identification of the model relies on the assump-
tion of nonlinearity of the Mill inverse ratio, but it
may be nonrobust due to collinearity [45]. It is recom-
mended to use an identification variable, which would
be a good predictor of BZDuse and would not be used
in Eq. 2. Identifying such a variable (that is a variable
influencing BZD use without influencing BZD over-
use) is not an easy task, because the two outcomes are
closely related, and previous studies did not consider
the selection effect in overusing estimation. We used
the variable inflammatory or rare disease or HIV/AIDS
(0/1) as an identification variable because it is positively
associated with BZD use, but not with BZD overuse in
the estimation without an identification variable. These
results are presented in “Results” section.

As robustness checks, we provide in the Additional
file 1 estimations without an identification variable and
using sex as an identification variable. Indeed, while
being a woman is positively associated with BZD use,
overuse is not significantly associated with sex accord-
ing to some studies. Conversely, other studies show that
substance use disorders are more common among men
[46]. Results are available in Additional file 1. Neverthe-
less, the results of the main estimation show a signifi-
cant effect of being a woman in the two steps (positive
on BZD use and negative on BZD overuse), which goes
against the use of this variable as an identification vari-
able. Its non-significance in previous studies on BZD
overuse may come from the non-consideration of selec-
tion and the opposite direction of sex effect on use and
overuse.
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The test for the correlation of the error terms shows
that the null hypothesis must be rejected for all the speci-
fications, which means that there is indeed a selection
bias that must be corrected and that the ‘naive’ model
is biased. We provide in Table I in the Additional file 1
a ‘naive’ probit estimation: an estimate of the probability
of overuse for the population that consumed the year fol-
lowing the WA (which corresponds to the second step of
the Heckman model).

Descriptive statistics

Table 1 compares sociodemographic characteristics in
WA and non-WA groups. The WA group is younger
(78.5% are under 50 compared to 65.7% in the non-WA
group), more often male (51% compared to 41%), and
less disadvantaged. These differences refer to a selec-
tion bias. People with WA are people who worked at
least once in 2016, while people without WA are people
who used at least one treatment in 2015 and 2016 but
whose employment status is unknown. This selection
effect clearly appears in terms of health and healthcare
expenditure heterogeneity. Thirty-one percent of the
sample had at least one disease, with 34% in the non-
WA group but only 23% in the WA group. Statistics

Table 1 Descriptive statistics
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relative to health status are shown in Table A in the
Additional file 1. Whatever the disease, the WA group
is healthier than the non-WA one. This group also has
less frequent maternity leave and drug treatments. Dif-
ferences in the typology of the municipality of resi-
dence are presented in Table B in the Additional file 1.

We see in Table 1 statistics relative to BZD use and
overuse. People with a WA in 2016 widely increased
their use of BZDs during the following year (+38%)
and overuse in a slightly smaller proportion (+29%,
calculated over eight months after the WA to be com-
parable to the year before, because of the 4 months
lagged required). In the group without WA, BZD use
and overuse are higher; the slight decrease in use (-1%)
refers to the downward trend in BZD consumption in
France during the 2010s [18], but with a slight increase
in overuse (+ 1%).

Figure 1 shows that the proportion of BZD users in
the non-WA group is stable during the two-year study
period, and higher than the proportion of people with
WA, before the WA occurrence. There is a very signifi-
cant increase in BZD use in the month following the WA,
and then it decreases but remains at a higher level than
before the WA.

Variables WA group Non-WA group

Sociodemographic variables in 2016
Average age 37.5 years 42.0 years
18-29 33.5% 22.9%
30-39 23.0% 21.1%
40-49 21.9% 21.8%
50-59 18.7% 21.6%
60-65 2.9% 12.7%
Male 51% 41%
CMU-C 9.4% 12.1%
ACS 3.8% 4.1%
AAH 0.9% 3.2%

BZD consumption in the year preceding the WA
At least one BZD use 12.15% 15.08%
BZD overuse 2.89% 5.30%

BZD consumption in the year following the WA (variation compare to the previous year)

At least one BZD use
BZD overuse calculated on 8 months
BZD overuse®

Observations

16.79% (+38%) 14.93% (-1%)
3.72% (+29%) 5.36% (+1%)
4.30% 5.92%
353,792 1,105,177

Source: SNDS

Field: People with WA in 2016 in France and randomly selected people without WA (N=1,458,969)

Interpretation: In the study population, the average age of those who experienced a WA in 2016 is 37.5 years

Significance: All figures in this table are significantly different between both groups at the 0.1% threshold

2 BZD overuse is not comparable between the year before and the year after the WA, because of the four months lagged required
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Fig. 1 Percentage of monthly BZD users in both groups. Source: SNDS. Field: People with WA in 2016 in France and randomly selected people
without WA (N=1,458,969). Time refers to months before and after the date of the accident (in the WA group), occurring in 2016

The majority of the population is made up of indi-
viduals who had no BZD dispensation: 85% in the non-
WA group and 88% in the WA group during the year

Table 2 Estimated impact of WA on the use and overuse of
BZDs the following year

Variables Effectof the  Effect of the WA
before the accident (85% and 83%, respectively, for the WAonBZD  onBZD overuse
following year). For the others, most had a single dis- use
pensation: 5.6% of people in the non-WA group and Population 1,458,969 224371
5.8% of people in the WA group the year before the , = . dependent variable 15060 3606
accident (5.5% and 8%, respectively, for the year after). Marginal effect of WA (pp) 0059 0006
Among people in the WA group who had a single Mean effect on the dependent +393%" +167%"
dispensation in the year following the accident, 27%  variable
had a single dispensation in the month following the  sociodemographic controls Yes Yes
accident. Municipality of residence Yes Yes

During the year following the WA, in the population  past 8zD use Yes Yes
using a BZD at least one time, a GP prescribed the first  Health status Yes Yes
BZD in 92% of cases in the WA group, vs. 87% in the  prescriber characteristics NA Yes
non-WA group. After a WA, the ascertainment and dec- (correlation coefficient of error NA 029
laration of the accident are usually done by a GP, which  terms)

explains this difference if the GP prescribes the BZD
during the same consultation. More statistics about pre-
scribers of the first BZD after the WA are available in
Additional file 1: Table C.

Results

Effect of the occurrence of a WA on BZD use and overuse
The results of the main estimation are presented in
Table 2. The left-hand column shows the result of the
selection equation, that is the estimation of BZD use.
A WA occurrence led to an increase by 5.9 percentage
points (pp) in the probability of using BZDs the follow-
ing year, i.e,, a 39.3% increase. This is consistent with the
statistic of BZD use shown in Table 1. The right-hand col-
umn shows results regarding BZD overuse; the WA led to
an increase of 0.006 pp, i.e., 1.67%, among the population

Source: SNDS

Field: People with WA in 2016 in France and randomly selected people without
WA (N=1,458,969)

Interpretation: Suffering from a WA in 2016 increases the probability of having
had at least one BZD use the following year by 39.3%

NA not applicable
" p<0.001

2 Percentage of people using BZDs the year following WA in the whole
population

b Percentage of people overusing BZDs the year following WA among the
population who used it

who used it. This is far smaller than the increase in BZD
overuse presented in Table 1.

The correlation coefficient of error terms (p) is signifi-
cant at the 0.1% threshold, confirming the selection effect
in BZD overuse and leading to reject the probit without
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selection correction (results are presented in Table I in
the Additional file 1).

BZD use (see Table E in the Additional file 1) increases
with past BZD use, age, being a woman, markers of social
disadvantage (CMU-C, ACS, and AAH), and bad health
(except diabetes). The association with motherhood is
negative. The typology of the municipality of residence
shows, when significant, that middle hubs and isolated
municipalities are associated with lower use compared to
large hubs.

Regarding overuse (see Table F in the Additional file 1),
we see a positive effect of age, being a man, markers of
social disadvantage, living on the outskirts of large hubs
and small municipalities, past BZD use (in particu-
lar overuse in the preceding year), and suffering from a
chronic illness. The probability of overuse increases when
a psychiatrist or multiple prescribers on the same day
make the first BZD prescription after the WA. Other spe-
cialists are associated with less overuse; the age and sex
of the prescriber are insignificant.

We identify a possible dose—response relationship of
WA to BZD use. To do this, we repeat the analyses on the
population who were victims of a WA in 2016, using the
prescribed duration of sick leave following the accident
as a proxy for the severity of the accident. The variable
is divided into quartiles (7, 15, and 45 days). We also add
the salary as a control variable in the model, recalcu-
lated from the amount of the sickness benefits (which is
capped). The sample is therefore composed of individuals
who had a WA followed by at least one day off work. The
results are summarized in Table 3. Full results are avail-
able in Tables G and H in the Additional file 1.

The longer the duration of sick leave, the greater the
probability of consuming a BZD in the year following
the WA. Similarly, if the effect of the shortest stops is not
significant, the longest stops (beyond 45 days) lead to an
increased risk of overuse in the year following the WA.

Robustness checks

The robustness checks aim to account for the selection
effect related to employment status and measure and
methodological issues. The results are summarized in
Table 4, the first column being the result of the main esti-
mation, as a reference.

The first two checks are related to the identification
variable. The use of the variable inflammatory or rare
disease or HIV/AIDS (0/1) seems to us the most relevant
choice, given its positive association with BZD use but
not overuse. Nevertheless, we report the results of two
others specifications (see Table ] in the Additional file 1):
without an identification variable (in this case, the iden-
tification relies on the assumption of nonlinearity of the

Page 7 of 12

Table 3 Impact of sick leave duration on BZD use and overuse

Sick leave duration Population Coefficients (SE)
Estimation of use
<7 days 250,791 Ref
>7 days and < 15 days 0,045 (0.0094)
>15 days and <45 days 0.1073™ (0.0091)
>45 days 0.3794"" (0.0088)
Estimation of overuse
<7 days 46,280 Ref

>7 days and <15 days -0.0031 (0.0278)
0.0276 (0.0266)

0.39457 (0.0287)

>15 days and <45 days
>45 days

Source: SNDS
Field: WA group (without missing information about sick leave) (N=250,791)
" p<0.001

Mill inverse ratio), and using sex as the identification
variable. The results are identical to those of the main
estimation.

Check 3 is the most important. We focus on the sub-
population of sickness benefits recipients in 2015. As
already mentioned and checked using descriptive statis-
tics, we are faced with a serious selection effect related
to employment status, the WA group being employed,
and the employment status of the non-WA group being
unknown (combining employees and non-employees).
There is no available variable on employment status in the
database. The use of this subpopulation reduces this selec-
tion bias; indeed, it is composed of people with employ-
ment in 2015. We assume that this is still the case in
2016. We include in the model the number of days com-
pensated in 2016 and the average daily amount, which is
a proxy for salary (for descriptive statistics, see Table D
in the Additional file 1). The results are almost identical
to those obtained for the selected population. This test
greatly increases our confidence in the results, because
the employment status does not appear to bias the results.
The full results are available in Tables K (for the first step)
and L (for the second step) in the Additional file 1. The
decile of sickness benefits (i.e. wage) is negatively associ-
ated with both BZD use and overuse; the decile of sick
leave duration in 2015 is only associated with the prob-
ability of BZD overuse.

Large differences exist in BZD consumption between
both groups. To account accurately for BZD dispensa-
tion in the year before WA, we conduct check 4: an exact
matching (with replacement). The matching variables are
as follows: sociodemographic variables (age, sex, CMU-
C, ACS, AAH beneficiary in 2015); BZDs lagged variables
(before a WA) (number of BZD dispensation each month
(12 variables) and number of different BZDs dispensed
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each month (12 variables)); and the decile of reimburs-
able health expenses in 2015. Thanks to the large data-
set, 333,347 cases are matched to 300,656 controls, i.e.
a matching rate of 94%. The coefficient of the WA vari-
able in the second step is close to the main estimation but
non-significant. The slightly higher coefficient in the first
step (see Table K in the Additional file 1) and the non-sig-
nificant coefficient in the second step (see Table L in the
Additional file 1) reinforce the finding following the main
estimation: when the previous BZD use is accurately con-
trolled in the model, the WA occurrence increases the
probability to use BZDs, but not the probability to over-
use BZDs among users.

We test two new definitions of overuse in checks 5 and
6: at least five months with at least one BZD dispensa-
tion in six consecutive months, and at least six months
with BZD dispensation in seven consecutive months,
respectively. These two new overuse variables are used as
variables explained in the second step of the model. They
are also used as control variables in these estimations (for
overuse in the year before WA). Results are close to esti-
mates with the previous overuse variable and are avail-
able in Table M in the Additional file 1.

Finally, in the baseline model, health status is defined
based on 15 diseases. These cover a limited number of
individuals since 69% suffer from no disease. There-
fore, we test variants using the decile of reimburs-
able expenditure in 2015 in check 7 (the reimbursable
expenditure corresponds to the total amount of care
provided and not the amount actually reimbursed by
the statutory health insurance). Once again, results are
similar to those of the main estimation. Full results of
the first and second steps are available in Tables N and
O in the Additional file 1.

The results are reinforced by robustness checks. None
of the results deviate significantly from the main esti-
mate, particularly for the population with sickness ben-
efits in 2015. This check strongly reduces the possibility
that uncontrolled occupational status is a source of bias.
In the main estimation, the occurrence of WA increases
the BZD overuse by 0.006 pp, which is very small. The
nonsignificance of the coefficient in check 4 indicates an
even smaller (or null) effect on BZD overuse when past
BZD use is properly controlled.

Heterogeneity

In order to check for heterogeneity, we stratify our sam-
ple by sex. The results of estimations are summarized in
Table 5. Full results are available in Tables P and Q in the
Additional file 1. The occurrence of the WA appears to
have a slightly higher effect on benzodiazepine use and
overuse in the following year for women.
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Discussion

Discussion of results

The contribution of the two-step selection model is to
distinguish between determinants of BZD use and over-
use by considering the selection effect in BZD overuse.
To our knowledge, this has not been done before in the
literature. The occurrence of a WA, which is a shock to
health (mental health in particular), increases the prob-
ability of BZD use and overuse, as observed in statistics
(see Table 1 and Fig. 1). The selection model shows that
the increase in BZD overuse comes from the increase
in BZD use (+39% after the WA), which translates into
overuse, and slightly from an increased risk of overuse
among users (+1.7%), once corrected for selection bias.
It means that experiencing a WA will increase the risk of
overusing BZDs mainly by increasing the share of people
with BZDs prescribed and not the propensity to overuse
BZDs after starting to use them. Previous studies on fac-
tors associated with BZD overuse were based on people
using BZD [21, 23], thus related to a specific and selected
population of people already using BZDs, or comparing
people with continuous use to the study population with-
out controlling for the selection effect [20, 22]. The only
study we found on the effect of an accident (in this case,
a road traffic accident) compares only pre- and post-
accident use [47].

Estimates of control variables are consistent with the
literature: higher with increasing age, for women and dis-
advantaged people [18, 19]. Motherhood decreases the
probability of BZD use (consistent with the recommen-
dations for use during pregnancy). We see a particularly
strong association with psychiatric chronic diseases and
antidepressant treatment, which refers to comorbidities
and the frequent association between antidepressants
and BZDs. The typology of the municipality of residence
shows, when significant, that middle hubs and isolated
municipalities are associated with lower use compared

Table 5 Estimation of BZD use and overuse, stratified by sex

Population Observations Coefficients (SE)

Estimation of BZD use

Men 634,786 0.2933™ (0.0052)

Women 824,183 03669 (0.0044)
Estimation of BZD overuse

Men 79,129 0.0986™ (0.0159)

Women 145,242 0.1181"(0.013)

Source: SNDS

Field: People with WA in 2016 in France and randomly selected people without
WA (N=1,458,969)

" p<0.001
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to large hubs, which is consistent with previous literature
that shows more use in urban areas [48].

Regarding overuse, being a woman has a protective
effect, consistent with findings in the literature on the
overuse of BZDs and other substances [21, 46, 49]. The
association between insurance variables and BZD over-
use shows an increased risk for economically disadvan-
taged people, in particular for AAH, which also refers to
disability. The positive effect of the prescriber variable
may come from more severe diseases in the case of psy-
chiatrists and misuse in the case of multiple prescribers.
This result is consistent with previous literature on fac-
tors associated with long-term prescription of BZD [23].

Among the population with WA (employed), the risk of
both using and overusing BZDs increases with the dura-
tion of sick leave, i.e., with the severity of the accident
(see Table 3). This result is consistent with the literature
showing the harmful effect of occupational accidents on
psychological health [2].

BZDs are prescription drugs, and their use refers
both to the patients’ health demand and the prescrib-
ers’ behavior. After years of high consumption in France,
public authorities have taken measures to reduce it. Suc-
cessfully, since BZD consumption has decreased over-
all since the early 2000s [18]. Prescribing physicians are
encouraged to limit the duration of BZD treatments
because a portion of their pay depends on the share of
their patients overusing BZDs [50]. Nevertheless, we see
that in the WA group, the BZD use translates into over-
use for 36% of people in the year following the WA (see
Table 2).

These results have possible implications for pub-
lic health policies. Results show that public authorities
should target primary prescribing to limit the risks asso-
ciated with BZD overuse after a WA. After removing the
effect on BZD use, the risk of overusing BZDs after a WA
increases very slightly, except for WAs resulting in a work
interruption of more than 45 days. After a WA, the pre-
scribers (mainly GPs) should question the need for BZDs,
knowing the associated risk of overuse. Once prescribed,
the focus should be on the more impaired workers to
prevent the adverse effects of BZDs from adding to the
consequences of the WA. Moreover, as previously shown
in the literature, having multiple prescribers increases the
risk of exceeding recommendations, so, wherever possi-
ble, prescribers should work together to avoid multiple
prescriptions.

Limitations

Some limitations come from the information system. We
do not know if reimbursed drugs have been used. Regard-
less of whether the likelihood of unused medicine is sig-
nificant for a single-box dispensation, we think it is very
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low for multiple deliveries. Socioeconomic variables are
very scarce in the SNDS, which does not provide employ-
ment status and profession. That could bias the results if
the profession is correlated with both employment and
BZD use. Nevertheless, the closeness of results for the
population with sickness benefits in 2015 addresses this
objection even if the sample is small. This makes it pos-
sible to focus on the employed population in 2015 and to
control for recalculated income, which is a strong proxy
for the socio-professional category. Moreover, in estima-
tions using the severity of WAs, the population is limited
to the employed population, and values of WA benefits
are used as a proxy of socioeconomic status (because
they are directly related to salary).

The choice of BZD overuse variable can be discussed.
Since medical diagnoses are not included in our database,
we used a proxy of BZD use for an excessive duration
compared to recommendations. Our results are robust to
different definitions of the overuse variable. We did not
take into account simultaneous use, because of the small
case number, or distinguished hypnotic and anxiolytic
BZDs, for reasons of simplicity and because of the homo-
geneity of the BZD class.

The study proposes to analyze the impact of a WA.
However, the methodology applied does not allow us
to attribute the effects to the occupational nature of the
accident. An alternative approach to achieve this objec-
tive could compare one population with WAs to another
one that experiences accidents outside the workplace.
This approach is not feasible in this study due to data
constraints. Additionally, an interesting extension of the
study could involve a long-term effects evaluation of
WAs. Unfortunately, this extension was not viable in our
current study due to the limited availability of three years
of data.

Conclusions

France is a big consumer of anxiolytic and hypnotic
medications, and, in particular, BZDs. Maximum
consumption durations are often exceeded, and the
non-respect of guidelines can lead to adverse effects,
including dependence. Extended use of BZDs is a
source of treatment inefficiency and should be avoided
regardless of the underlying disease. It is a major con-
cern to identify the factors that could lead to BZD over-
use. We provide the first estimation of a WA impact on
the risk of BZD overuse.

A WA increases the risk of BZD use and overuse.
The selection model makes it possible to show that the
effect on BZD overuse comes mainly from an increase
in the new BZD consumption and not from an increase
in the risk of overusing among BZD users. The risk of
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overusing BZDs increased among the most impaired
workers and women.

In order to limit BZD overuse after a WA, these
results call for limiting the first-time BZD prescriptions
to those patients for whom it seems most necessary.
BZDs showed limited benefits in treating anxiety and
insomnia, and it is crucial that their possible adverse
effects do not add to the consequences of WAs on
health.
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