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HIGHLIGHTS

e SSRI or SNRI co-prescription is linked to longer benzodiazepine treatment duration.

e SSRI or SNRI co-prescription is associated with greater maximum benzodiazepine dose.
e Younger age and non-Black race were associated with higher benzodiazepine dose.

o Anxiety disorder diagnosis was associated with greater benzodiazepine dose.

ARTICLE INFO ABSTRACT
Keywords: Purpose: This study examined whether co-prescription of selective serotonin reuptake inhibitors (SSRIs) or se-
Benzodiazepine rotonin or norepinephrine reuptake inhibitors (SNRI)s with benzodiazepines is associated with differences in

Selective serotonin reuptake inhibitor
Serotonin and norepinephrine reuptake
inhibitor

Prescription

Prescribing practices

benzodiazepine prescriptions both within individual patients over time and between patients.

Methods: We analyzed deidentified electronic health records of patients prescribed a benzodiazepine between
2020 and 2022 (N = 847). Patients were categorized into three groups: those co-prescribed an SSRI, those co-
prescribed an SNRI, and those not co-prescribed an SSRI or SNRI.

Results: Individuals co-prescribed an SSRI (M=6.63) or an SNRI (M=8.31) had more benzodiazepine prescription
encounters than those who were not co-prescribed an SSRI/SNRI (M=5.08). Individuals co-prescribed an SSRI or
SNRI also received a higher maximum benzodiazepine dosage than those who were not co-prescribed an SSRI/
SNRI (SSRI M=2.41; SNRI M=2.30; No SSRI/SNRI M=1.91 diazepam milligram equivalent defined daily doses).
Multilevel models indicated the SSRI co-prescription group received a higher initial benzodiazepine dosage
(b=0.394), but showed no significant change in benzodiazepine dosage over time. When controlling for de-
mographic and clinical correlates of benzodiazepine prescriptions, those who were not co-prescribed an SSRI
showed an increase in benzodiazepine dose over time (b=0.075). Multilevel models revealed no relationship
between SNRI co-prescription and starting benzodiazepine dosage or change in benzodiazepine dosage over time.
An anxiety disorder diagnosis, younger age, and non-Black/African American race were associated with higher
benzodiazepine dose.

Conclusions: Individuals who are co-prescribed an SSRI/SNRI may be vulnerable to longer treatment durations
and higher prescribed doses of benzodiazepines, raising concerns about risk for dependence among individuals
receiving combined benzodiazepine and SSRI/SNRI treatment.
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1. Introduction

Since their discovery in the early 1960s, benzodiazepines have been
prescribed widely as therapeutic tools because of their anxiolytic,
sedative, and anticonvulsant properties (Calcaterra and Barrow, 2014;
Maust et al., 2019; Wick, 2013). Despite their clinical utility, benzodi-
azepines are associated with risk of adverse effects, including psycho-
motor impairment, cognitive decline, falls, accidents, and substance use
disorders, and chronic use can lead to physical dependence or the
development of a use disorder (Guina and Merrill, 2018; Lader, 2011;
Licata and Rowlett, 2008; Uzun et al., 2010; Vgontzas et al., 1995).
Moreover, as drug overdoses have surged in recent decades, benzodi-
azepines remain the second most common prescription medication
involved in overdose deaths (NIDA, 2024). Benzodiazepines are often
prescribed in combination with selective serotonin reuptake inhibitors
(SSRIs) and serotonin and norepinephrine reuptake inhibitors (SNRIs),
but it remains unclear how SSRI/SNRI co-prescription affects benzodi-
azepine use trajectories, which could affect patients’ risk for adverse
outcomes (Bushnell et al., 2021, 2017). The present study examines how
co-prescribed SSRIs or SNRIs with benzodiazepines relate to variation in
benzodiazepine treatment.

Pre-clinical (Bagdy et al., 2001; Griebel, 1995) and clinical (Gorman
et al., 1987; Grillon et al., 2007) research indicates acute administration
of SSRIs is associated with an anxiogenic effect. Consequently, reuptake
inhibitors and benzodiazepines are commonly co-prescribed, especially
during the first weeks of SSRI treatment (Bushnell et al., 2021, 2017).
Some evidence supports this combination approach, particularly in in-
dividuals with comorbid depression and anxiety; it can mitigate the
transient increase in anxiety symptoms and sleep disturbance associated
with early SSRI/SNRI treatment (Dunlop and Davis, 2008). Further-
more, compared to SSRI/SNRI monotherapy, SSRI/SNRI and benzodi-
azepine co-prescription may improve anxiety and depression symptoms
more rapidly, reduce co-occurring sleep disruption, and reduce antide-
pressant treatment drop-out (Dunlop and Davis, 2008; Smith et al.,
1998; Furukawa et al., 2001, but see Wu et al., 2012; Altmann et al.,
2020). Preclinical evidence suggesting benzodiazepine treatment
attenuated the acute anxiogenic effects of SSRIs in animals supports this
practice (e.g., Birkett et al., 2011). However, some research suggests the
benefits of co-prescribing a benzodiazepine with an SSRI are short-lived
(Furukawa et al., 2001; Pollack et al., 2003).

Preliminary research suggests that co-prescription of benzodiaze-
pines and selective reuptake inhibitors may carry increased risk
compared to benzodiazepines alone. One study found that co-
prescription of SSRIs and benzodiazepines might be associated with
longer-term use of benzodiazepines (Bushnell et al., 2017), thereby
increasing risk for dependence. For example, patients who are
co-prescribed an SSRI and a benzodiazepine are more likely to continue
taking the benzodiazepine after 6 months compared to those who are
co-prescribed a benzodiazepine with another antidepressant (mirtaza-
pine; Hashimoto et al., 2016). Because SSRIs and SNRIs have over-
lapping mechanisms of action, it is possible that SNRI co-prescription
has a similar relationship with benzodiazepine prescription duration,
but to our knowledge, this question remains unexamined. There is
growing concern that benzodiazepine dependence may develop in the
context of long-term benzodiazepine use, even in the absence of a
benzodiazepine use disorder or dose escalation and among those taking
benzodiazepines as prescribed (Peng et al., 2022a). Therefore, it is
important to clarify the relationship between the co-prescription of an
SSRI/SNRI and benzodiazepine treatment duration.

Preliminary evidence also suggests that, compared to individuals
prescribed a benzodiazepine without an antidepressant, individuals co-
prescribed an antidepressant are at greater risk of benzodiazepine dose
escalation (Mori et al., 2023; Soumerai et al., 2003). Soumerai and
colleagues (2003) found that patients co-prescribed a benzodiazepine
and antidepressant were more than three times as likely to escalate to a
high benzodiazepine dosage compared to those prescribed a
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benzodiazepine without an antidepressant. However, the authors
examined the effect of all antidepressants, rather than limiting the
analysis to SSRIs/SNRIs. Additional studies are needed to understand
the impact of SSRIs/SNRIs on benzodiazepine treatment. Moreover,
Mori and colleagues (2023) found that, in a sample of individuals with
an anxiety disorder who were prescribed a benzodiazepine at an
outpatient psychiatric clinic in Japan, those who were co-prescribed an
SSRI exhibited a larger increase in benzodiazepine dosage over two
years compared to those who were not. The potential association be-
tween SSRI co-prescription and increasing benzodiazepine dosage is
concerning, as higher benzodiazepine dose can increase risk for physical
dependence, benzodiazepine use disorder, and other negative outcomes,
such as accidents and falls (Brandt and Leong, 2017; Lader, 2014; Peng
et al., 2022b; Skinner et al., 2017).

The present study investigated benzodiazepine prescription patterns,
combined or not with SSRI and SNRI prescriptions, using data from a
research data warehouse at an academic medical center in the South-
eastern United States. We conducted a within- and between-person
investigation of the relationship between the co-prescription of SSRIs
or SNRIs and benzodiazepines over time. We aimed to determine
whether:

1. the duration or maximum dosage of benzodiazepine treatment
differed between the SSRI/SNRI groups and the non-SSRI/SNRI
group.

2. the starting benzodiazepine dosage differed between the SSRI/SNRI
and the non-SSRI/SNRI groups.

3. the benzodiazepine dosage trajectories over time differed between
individuals in the SSRI/SNRI and the non-SSRI/SNRI groups

4. any identified relationship between SSRI/SNRI exposure and starting
benzodiazepine dose or benzodiazepine trajectory persists when
controlling for established demographic and clinical correlates of
benzodiazepine prescriptions to control for potential confounders
and enhance the validity of our findings.

2. Methods
2.1. Data source

We retrospectively analyzed electronic health record data obtained
from a research data warehouse at an academic medical center
(University of Mississippi Medical Center, 2020). The data warehouse
compiles data from the electronic records system, Epic, based on en-
counters at the institution’s hospitals and clinics. All 18 HIPAA identi-
fiers have been removed from the dataset, all encounters are
date-shifted, and the researchers have no means to re-identify the
data. Thus, this dataset meets the standard in §164.514(a) of the HIPAA
Privacy Rule. The deidentified data is no longer protected by the Privacy
Rule because it does not fall within the definition of Protected Health
Information. Research using deidentified data that cannot be
re-identified is not considered human subjects research and is, therefore,
not subject to Institutional Review Board approval.

This study included data from encounters in the following spe-
cialties, which have previously been linked to high rates of benzodiaz-
epine visits: family medicine, outpatient psychiatry, geriatric medicine,
neurology, obstetrics, and/or gynecology (Agarwal and Landon, 2019).
Encounters and prescriptions from other specialties were excluded. Only
patients who were prescribed a benzodiazepine at an encounter in one or
more of the included specialties occurring between January 1, 2020 and
December 31, 2022 were included in the final analyses. Patients who
were prescribed a benzodiazepine in the previous year (between
January 1, 2019 and December 31, 2019) and patients who did not have
data available on benzodiazepine prescription status in 2019 were
excluded from the final analyses to limit confounding factors (see Fig. 1
for a diagram of included patients and encounters). Research suggests
benzodiazepines are cleared from the body within weeks to a month
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Total patients and encounters included in outpatient psychiatry,
family medicine, geriatric medicine, neurology, obstetrics,
and/or gynecology 01/2020-12/2022

Patients: n=79,859

Encounters: n=462,960
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v

Excluded due to not receiving a benzodiazepine prescription
between 01/2020-12/2022

Patients: n=76,790
Encounters: n=452,804

v

Number of patients and encounters between 01/2020-12/2022 who
received at least one benzodiazepine prescription

Patients: n=3,069

Encounters: n=10,156

A 4

Excluded due to receiving a benzodiazepine prescription
between 01/2-19-12/2019 or having no documented encounters
between 01/2019-12/2019

Patients: n=2,151
Encounters: n=7,491

v

Patients: n=918
Encounters: n=2,665

Number of patients and encounters 01/2020-12/2022 who did
not receive a documented benzodiazepine prescription in 2019

v

Excluded due to being prescribed both an SSRI and an SNRI

Patients: n=71
Encounters: n=207

A 4

documented benzodiazepine prescription in 2019
N=847
SSRI Patients: n=283, Encounters: n=870
SNRI Patients: n=112, Encounters: n=441

Number of patients and encounters 01/2020-12/2022 who did not receive a

Patients with neither SSRI nor SNRI: n=452, Encounters: n=1,032

Fig. 1. Encounter flow diagram.

following discontinuation, though higher doses can extend the window
of detection (Substance Abuse and Mental Health Services Administra-
tion, 2012); a one-year washout period was chosen to limit the contri-
bution of any potential prior benzodiazepine exposure to the present
findings. No other exclusion criteria were applied.

2.2. Analytic approach

We used the Statistical Package for the Social Sciences (SPSS; Chi-
cago, IL version 28.0) for data management and descriptive analyses.
Patients prescribed a benzodiazepine were divided into three groups:
those that received an SSRI but no SNRI (SSRI group), those that
received an SNRI but no SSRI (SNRI group), and those that received
neither an SSRI nor an SNRI (No SNRI/SSRI group). Comparisons be-
tween the groups on demographic characteristics were made using in-
dependent t-tests or Chi-square analysis, as appropriate (see Table 1).

2.2.1. Variable definitions

Full information on the creation and definition of all study variables
can be found in the Supplementary Material. Variables of primary in-
terest to the study are described below.

2.2.1.1. Encounter dosage. We converted the benzodiazepine dose at
each encounter for each patient to the diazepam milligram equivalent
defined daily doses (DMEDDD) to permit examination of all benzodi-
azepine agents prescribed to patients in the present sample. DMEDDD
represents the number of diazepam defined daily doses that would be
equal to the dosage prescribed of the original drug at the encounter
(Brandt et al., 2018).

2.2.1.2. Maximum dosage. For each patient, the “Maximum Dosage”
was determined by identifying the highest dosage prescribed at any
benzodiazepine prescription encounter (i.e., the patient’s maximum
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Table 1

Descriptive and clinical characteristics for patients who were prescribed an SSRI or SNRI with a benzodiazepine prescription (“SSRI” and “SNRI” groups, respectively)
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at any point during the time frame of interest, and those who were not prescribed an SSRI or SNRI (“No SSRI/SNRI” group).

Mean (SD)
or n (%)

Group Comparison

Between SSRI and No SSRI/SNRI

Group Comparison

Between SNRI and No SSRI/SNRI

SSRI
(n= 283)

SNRI
(n=112)

No SSRI/SNRI
(n = 452)

tory? p

tory?

Sociodemographic Variable
Age (years)

Female

Race

Black/African American
White/Caucasian

Other

Has Insurance
Diagnostic Status
Anxiety Disorder

Mood Disorder

Sleep Disorder

Seizure Disorder

47.53 (16.67)
229 (80.92 %)

110 (38.87 %)
163 (57.60 %)
10 (3.53 %)

219 (77.39 %)

249 (87.99 %)
215 (75.97 %)
115 (40.64 %)
24 (8.48 %)

49.13 (14.02)
89 (79.46 %)

43 (38.39 %)
69 (61.61 %)
3 (2.68 %)

88 (78.57 %)

99 (88.39 %)
75 (66.96 %)
40 (35.71 %)
14 (12.50 %)

49.48 (18.55)
333 (73.67 %)

209 (46.24 %)
233 (51.55 %)
10 (2.21 %)

347 (76.77 %)

254 (56.19 %)
120 (26.55 %)
100 (22.12 %)
92 (20.35 %)

p
1.47 .14 0.22 .83
5.08 * .02 1.60 .21
4.48 11 2.24 .33
0.04 .85 0.17 .68
81.43 * ** <.001 39.74 * * <.001
171.38 * ** <.001 64.82 <.001
28.82 <.001 8.88 * * .003
18.46 * ** <.001 3.63 .06

Note. SSRI=Prescribed an SSRI at any encounter between January 1, 2020 and December 31, 2022; SNRI=Prescribed an SNRI at any encounter between January 1,
2020 and December 31, 2022; No SSRI/SNRI=Not prescribed an SSRI or an SNRI at any encounter between January 1, 2020 and December 31, 2022;

DMEDDD=diazepam milligram equivalent defined daily doses.

*p < .001; * *p < .01; *p < .05
Encounter Dosage).

2.2.1.3. Total benzodiazepine prescriptions. For each patient, we deter-
mined the number of benzodiazepine prescription events, including
refills, as a proxy of benzodiazepine treatment duration. Days’ supply
was unavailable in this dataset.

2.2.1.4. Benzodiazepine encounter index. “Benzodiazepine Encounter
Index” indicates the count of encounters a patient had at any of the
departments of interest since January 1, 2020 where they were pre-
scribed a benzodiazepine, adjusted so that the intercept reflects the first
encounter at which a benzodiazepine was prescribed (e.g., O indicates
patient’s first benzodiazepine prescription encounter in the time frame,
1 indicates patient’s second benzodiazepine prescription encounter,
etc.). Benzodiazepine Encounter Index was entered as an independent
variable in the multilevel models (see below for further detail) to
examine discrete dates a given patient received benzodiazepine
prescriptions.

2.2.1.5. Diagnoses. Dichotomous variables indicated whether a patient
was diagnosed with anxiety, sleep, mood, or seizure disorders at a given
encounter.

2.2.2. Objective 1 analysis

To determine whether the duration of benzodiazepine treatment or
maximum benzodiazepine dosage differed in the SSRI/SNRI groups
compared to the non-SSRI/SNRI group, we conducted independent
samples t-tests.

2.2.3. Objectives 2—4 analysis

Multilevel models (MLMs) were specified using Hierarchical Linear
Models (HLM v. 8) to examine within-individual changes in benzodi-
azepine dosage across encounters (level 1) and between-patient differ-
ences in benzodiazepine dosage (level 2) (Raudenbush et al., 2019).
MLMs permit examination of nested data; we examined benzodiazepine
prescription events over time within patients (Nezlek, 2012; Peugh,
2010). This accounts for nonindependent observations, given each pa-
tient may have multiple benzodiazepine prescription events. MLM an-
alyses proceeded in three steps. Model 1 (“Base Model”) examined the
relationship between SSRI co-prescription and starting benzodiazepine
dosage (intercept) and linear change in benzodiazepine over time
(slope) (Objectives 2-3). Model 2 (“Demographic Model”) examined the

relationship between SSRI co-prescription and several demographic
factors (i.e., Age, Sex, Race, and Insurance status) and benzodiazepine
dosage (Objective 4). Model 3 (“Diagnosis Model”) included all inde-
pendent variables from Model 2, as well as diagnostic status for Anxiety,
Mood, Sleep, and Seizure disorders (Objective 4). The same analyses
were repeated to investigate the relationship between SNRI
co-prescription and benzodiazepine dosage. The full model, including all
independent variables, is presented in the Supplementary Material.
Missing data were handled using maximum-likelihood estimation;
the model used all available data, even if some patients were missing
some level 1 data points, to estimate the parameters (Nezlek, 2012). For
the MLMs, simple slope analysis was used to probe significant in-
teractions (Preacher et al., 2006). To account for multiple hypothesis
tests, we used the Benjamini-Hochberg false discovery rate correction to
control for Type I errors by adjusting the p-value based on the number of
significant results in a family of tests (Benjamini & Hochberg, 1995).

3. Results
3.1. Patient characteristics

Demographic characteristics are presented in Table 1 separately for
patients in the SSRI (n = 283), SNRI (n =112), and No SSRI/SNRI
(n = 452) groups. Most patients were female, and a greater percentage
of patients in the SSRI group were female compared to the No SSRI/SNRI
group. Across groups, the patients on average were in their late forties.
Patients primarily identified as White/Caucasian and had medical in-
surance. Other than percentage of females per group differing between
the SSRI and No SSRI/SNRI groups, no other demographic variables
significantly differed between the No SSRI/SNRI group and the other
two groups.

3.2. Objective 1

Fig. 2 displays the average number of benzodiazepine prescriptions
(a) and average maximum benzodiazepine dosage (b) by group. Patients
in the SSRI group were prescribed benzodiazepines for a greater dura-
tion (M=6.63 prescriptions, SD=7.79) than patients in the No SSRI/
SNRI group (M=5.08 prescriptions, SD=6.89; t=2.73, p = .007, d=.21).
The SSRI group also received a significantly greater maximum benzo-
diazepine dosage (M=2.41 DMEDDD, SD=2.63) than the No SSRI/SNRI
group (M=1.91 DMEDDD, SD=2.26; t=2.75, p=.006), d=.21.
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Fig. 2. a) Number of benzodiazepine prescriptions, including refills, for patients prescribed a selective serotonin reuptake inhibitor (SSRI) plus a benzodiazepine
(“SSRI” group), prescribed a serotonin and norepinephrine reuptake inhibitor (SNRI) plus a benzodiazepine (“SNRI” group), or benzodiazepine alone (“No SSRI/
SNRI” group). b) Maximum benzodiazepine dosage for patients in the SSRI, SNRI, or no SSRI/SNRI group. Maximum dose is expressed as the diazepam milligram
equivalent defined daily doses (DMEDDD) + SEM. Data were analyzed with independent t-tests.

Patients in the SNRI group were prescribed benzodiazepines for a
greater duration (M=8.31 prescriptions, SD=9.83) than patients in the
No SSRI/SNRI group (t = 3.28, p < .001, d=.43). The SNRI group also
received a significantly greater maximum benzodiazepine dosage
(M=2.30 DMEDDD, SD=2.24) than the No SSRI/SNRI group (t = 1.65,
p =.049, d=.17).

3.3. Objectives 2—4: multilevel model analysis

3.3.1. SSRI Model 1

Full results of the SSRI MLM analyses are presented in Table 2. Model
1 revealed a significant, positive within-person slope (b=0.082,
SE=0.025, p =.007), suggesting that, on average, benzodiazepine
dosage increased across an individual’s encounters. SSRI co-prescription
was associated with a significantly higher benzodiazepine starting
dosage than the no SSRI/SNRI group (b=0.394, SE=0.145, p = .007),

Table 2

Multilevel Model Analysis of Benzodiazepine Dose at Each Encounter: SSRI Models.

meaning on average, a patient’s starting benzodiazepine dosage was
0.394 DMEDDD higher if they were prescribed an SSRI compared to
patients who were not prescribed an SSRI. The relationship between
SSRI co-prescription status and the linear change in benzodiazepine
dosage over time approached significance (b=-0.111, SE=0.057,
p = .052).

3.3.2. SSRI Model 2

Model 2 revealed that patients who were younger (b=-0.008,
SE=0.003, p = .007) and who identified as Black (b=-0.350, SE=0.134,
p = .009) had a lower benzodiazepine dosage. The association between
SSRI co-prescription and starting benzodiazepine dosage (b=0.362,
SE=0.148, p =.015) remained significant. Benzodiazepine dosage
increased significantly over time (slope) (b=0.079, SE=0.025, p = .002)
across groups. The relationship between SSRI co-prescription status and
change in benzodiazepine dosage over time was not significant (b=-

Base Model for Benzodiazepine

Demographic-Adjusted Model for Benzodiazepine

Diagnosis-Adjusted Model for Benzodiazepine

Dose Dose Dose
Independent Variables b (SE) P b (SE) p b (SE) P
Level 1 (within person)
Benzodiazepine Encounter Index 0.082 (0.025)* * .001 0.079 (0.025)* * .002 0.075 (0.024)* * .002
Anxiety Disorder 0.373 (0.110)* * .001
Sleep Disorder —0.064 (0.162) .69
Mood Disorder 0.226 (0.162) .07
Seizure Disorder 0.258 (0.171) .13

Level 2 (between person)

Intercept 1.618 (0.081)* ** <.001 2.098 (0.236)* ** <.001 1.88 (0.229)* ** <.001
SSRI 0.394 (0.145)* * .01 0.362 (0.148)* .01 0.220 (0.156) .16
SSRI x Encounter Index —0.111 (0.057) .05 —0.108 (0.057) .06 —0.108 (0.055)* .049
Age —0.008 (0.003)* * .01 —0.008 (0.003)* * .01
Sex —0.201 (0.149) .18 —0.276 (0.147) .06
Black Race —0.350 (0.134)* * .01 —0.301 (0.130)* .02
Other Race 0.424 (0.402) .29 0.321 (0.398) .42
Insurance Status —0.234 (0.172) .18 —0.222 (0.170) .19

Note. Encounter Number=Count of encounters a patient had at any of the departments of interest in the study timeframe; Anxiety Disorder=Whether an anxiety
disorder was included in the encounter diagnoses; Sleep Disorder=Whether a sleep disorder was included in the encounter diagnoses; Mood Disorder=Whether a mood
disorder was included in the encounter diagnoses; Seizure Disorder=Whether a seizure disorder was included in the encounter diagnoses; SSRI=Whether a patient was

prescribed an SSRI at any encounter in the study timeframe.
* *%p < .001; * *p < .01; *p < .05.
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0.108, SE=0.057, p = .056).

3.3.3. SSRI Model 3

Model 3 revealed an anxiety disorder diagnosis was associated with
higher benzodiazepine dosage (b=0.373, SE=0.110, p = .001). No other
diagnoses had a significant relationship with benzodiazepine dosage.
The relationship between SSRI co-prescription and starting benzodiaz-
epine dosage was no longer significant (b=0.220, SE=0.156, p = .159).
However, the relationship between SSRI co-prescription and the linear
change in benzodiazepine dosage over time was significant (b=-0.208,
SE=0.055, p =.049). Follow-up simple slope analysis revealed there
was a significant increase in benzodiazepine dose over time in the No
SSRI/SNRI group (b=0.075, t = 3.167, p = .002) but not in the SSRI
group (b=-0.033, t = -0.668, p = .504) (Fig. 3).

3.3.4. SNRI Model 1

Full results of the SNRI MLM are presented in Table 3. Model 1
revealed a significant increase in benzodiazepine dosage over time
(b=0.070, SE=0.024, p = .004) across groups. SNRI co-prescription was
not associated with starting benzodiazepine dosage (b=0.101,
SE=0.183, p = .579) or linear change in benzodiazepine dosage over
time (b=0.057, SE=0.053, p = .278).

3.3.5. SNRI Model 2

Model 2 revealed individuals with insurance had a lower starting
benzodiazepine dosage (b=-0.510, SE=0.219, p = .020) than those who
were uninsured. The effects of age (b=-0.007, SE=0.004, p = .056) and
Black race (b=-0.297, SE=0.155, p = .055) approached significance. No
other effects were significant (p > .136).

3.3.6. SNRI Model 3

Model 3 revealed anxiety disorder (b=0.339, SE=0.107, p = .002)
and mood disorder diagnosis (b=0.401, SE=0.158, p =.011) were
associated with higher benzodiazepine dosage. Individuals who were
older (b=-0.008, SE=-.004, p = .047) and insured (b=-0.507, SE=0.216,
p = .019) had lower benzodiazepine dosage. No other effects were sig-
nificant (p > .117).

4. Discussion
This retrospective analysis of electronic health records found that

patients prescribed a benzodiazepine and an SSRI or SNRI received
benzodiazepine prescriptions for a greater duration and at a higher

25
a
&) =-.033, p = .504
e
w 2
3
= b=.075,p = .002
>
© =—=No SSRI
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Fig. 3. This figure illustrates a simple slope analysis of benzodiazepine (BZD)
dosage (expressed as diazepam milligram equivalent defined daily dose,
DMEDDD) across encounters in individuals prescribed a selective serotonin
reuptake inhibitor (SSRI and individuals who were not prescribed an SSRI
or SNRI.
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maximum benzodiazepine dose than patients who were prescribed
neither an SSRI nor an SNRI. Additionally, patients co-prescribed an
SSRI had higher initial benzodiazepine doses, which remained stable
over time, whereas patients without an SSRI started at lower benzodi-
azepine doses but experienced benzodiazepine dose increases. There
was no relationship between SNRI co-prescription status and benzodi-
azepine dose changes over time. Moreover, patients who were assigned
an anxiety disorder diagnosis at a given encounter received a higher
benzodiazepine dose at that encounter, irrespective of SSRI/SNRI pre-
scription status, whereas younger patients were prescribed higher doses
than older patients.

Our findings suggest that individuals co-prescribed an SSRI or an
SNRI may experience longer benzodiazepine treatment durations and
higher prescribed benzodiazepine doses. The reasons underlying this
prescription pattern remain unclear, but these findings align with prior
research showing that co-prescribing benzodiazepines and SSRIs might
be associated with longer-term benzodiazepine use (Bushnell et al.,
2017; Hashimoto et al., 2016). Co-administering some SSRIs (e.g., flu-
voxamine, fluoxetine) may increase benzodiazepine plasma concentra-
tions by inhibiting enzymes responsible for the drugs’ metabolism (e.g.,
alprazolam, diazepam, bromazepam; Fleishaker and Hulst, 1994; Lem-
berger et al., 1988; Suzuki et al., 2003). However, increased exposure
levels would suggest that clinicians use a lower, rather than higher,
benzodiazepine dose. It is possible that higher plasma concentrations in
individuals co-prescribed an SSRI with a benzodiazepine could result in
greater levels of dependence, thereby motivating patients to continue
requesting benzodiazepine prescriptions from their provider. Addition-
ally, individuals with comorbid depression and anxiety often show more
severe, chronic symptoms (e.g., Dunlop and Davis, 2008; Sareen et al.,
2005; Stein, 2001), possibly necessitating higher starting doses and
longer treatment duration to achieve efficacy. Further research is
needed to explicate the mechanism(s) by which SSRI/SNRI
co-prescription is associated with increased dose and duration of
benzodiazepine treatment.

To examine within- and between-person associations with benzodi-
azepine dosage over time, multilevel model (MLM) analyses were per-
formed. The MLM analysis revealed that for SSRIs, the starting
benzodiazepine dosage was 0.394 DMEDDD higher for patients pre-
scribed the combination compared to the group who was not prescribed
an SSRI, but they showed no change in dose across encounters. In
contrast, patients prescribed benzodiazepines without an SSRI had a
lower starting dosage but showed a significant increase in dose over
time. This pattern was not observed for SNRI co-prescription. Our results
contrast with Mori and colleagues’ (2023) findings, which showed that,
in a sample of individuals with an anxiety disorder, benzodiazepine
doses increased modestly over a two-year period when co-prescribed
with SSRIs but decreased over time in the no SSRI group. Mori and
colleagues’ study (2023) took place over a longer time period (2 years
after initial encounter) and in a different country (Japan). Therefore,
differences in the timeframe and cultural or healthcare factors cannot be
ruled out as contributing factors to the discrepant findings.

For patients receiving benzodiazepines alone, the observed dose
escalation contrasts with literature showing this phenomenon is rare,
even in the context of long-term use (Soumerai et al., 2003; Tvete et al.,
2013; Veronese et al., 2007; Willems et al., 2013), although dose esca-
lation is sometimes found (Alessi-Severini et al., 2016; Rosenqvist et al.,
2023; Van Hulten et al., 2003). Dose escalation is often associated with
misuse and the development of use disorders. However, it is unknown
whether the dose escalation in this study was patient- or
provider-driven.

Anxiety disorder diagnosis and younger age were associated with
higher benzodiazepine doses at a given encounter, while identifying as
Black/African American was associated with lower benzodiazepine
dosage. The relationship between anxiety disorder diagnosis and higher
dosage is in line with current practice guidelines, which suggest utilizing
a higher benzodiazepine dosage for anxiety disorders compared to other
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Table 3

Multilevel Model Analysis of Benzodiazepine Dose at Each Encounter: SNRI Models.
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Base Model for
Benzodiazepine Dose

Demographic-Adjusted Model for
Benzodiazepine Dose

Diagnosis-Adjusted Model for
Benzodiazepine Dose

Independent Variables b (SE) p b (SE) p b (SE) p
Level 1 (within person)
Benzodiazepine Encounter  0.070 (0.024)* ** .004 0.068 (0.024)* * .01 0.066 (0.023)* * .01
Index
Anxiety Disorder 0.339 (0.107)* * .002
Sleep Disorder 0.090 (0.129) .49
Mood Disorder 0.401 (0.158)* .01
Seizure Disorder 0.091 (0.335) .79
Level 2 (between person)
Intercept 1.611 (0.079)* ** <.001 2.242 (0.259)* ** <.001 2.006 (0.252) * ** .01
SNRI 0.101 (0.183) .58 0.090 (0.188) .63 —0.126 (0.211) .55
SNRI x Encounter Index 0.057 (0.053) .28 0.057 (0.052) .27 0.062 (0.052) .23
Age —0.007 (0.004) .06 —0.008 (0.004) .05
Sex —0.171 (0.151) .26 —0.236 (0.151) 12
Black Race —0.297 (0.155) .06 —0.208 (0.154) .18
Other Race 0.912 (0.611) .14 0.751 (0.619) .23
Insurance Status —0.510 (0.219)* .02 —0.507 (0.216)* .02

Note. Encounter Number=Count of encounters a patient had at any of the departments of interest in the study timeframe; Anxiety Disorder=Whether an anxiety
disorder was included in the encounter diagnoses; Sleep Disorder=Whether a sleep disorder was included in the encounter diagnoses; Mood Disorder=Whether a mood
disorder was included in the encounter diagnoses; Seizure Disorder=Whether a seizure disorder was included in the encounter diagnoses; SNRI=Whether a patient was

prescribed an SNRI at any encounter in the study timeframe.
***p < .001; * *p < .01; *p < .05.

indications (Bounds and Nelson, 2023). Moreover, when including
diagnostic status in the model, the association between SSRI
co-prescription and starting benzodiazepine dosage was no longer sig-
nificant, suggesting this finding may have been driven by diagnostic
status, rather than SSRI co-prescription per se. It should be noted that
only 34 patients who were co-prescribed an SSRI were not diagnosed
with an anxiety disorder; thus, further research is needed to parse the
relationship between SSRI co-prescription, anxiety disorder diagnosis,
and starting benzodiazepine dosage. The finding that younger patients
were more likely to receive higher doses is also in line with practice
guidelines, which suggest using lower doses in older adults, given they
are more sensitive to and less able to effectively metabolize benzodi-
azepines (American Geriatrics Society Beers Criteria Update Expert
Panel, 2023). The finding that patients who identify as Black/African
American receive lower starting benzodiazepine dosages extends prior
research, which has demonstrated that Black or African American pa-
tients are less likely to be prescribed benzodiazepines compared to other
racial/ethnic groups (Cook et al., 2018; Dore et al., 2023; Hall et al.,
2010; Ribas Roca et al., 2023). Our study adds to this area of investi-
gation by showing evidence of racial disparities in benzodiazepine
dosage. Standardized screening and prescription practices may be useful
in reducing these prescription disparities.

A clear concern regarding extended benzodiazepine prescription
duration at higher doses in patients co-prescribed SSRI/SNRIs is the
possibility of developing physical dependence. Chronic daily benzodi-
azepine use, even at low doses, can lead to dependence, resulting in
withdrawal syndrome upon cessation (Authier et al., 2009; Edinoff et al.,
2021; Mintzer et al., 1999; Mintzer and Griffiths, 2005). There is
growing recognition that physiological dependence is likely prevalent in
individuals who use benzodiazepines long-term, even in the absence of
misuse or dose escalation (Peng et al., 2022a). The prescription dura-
tions observed in this study were long enough to result in physical
dependence (Mintzer and Griffiths, 2005). Moreover, higher or esca-
lating doses are associated with more severe withdrawal symptoms
(Landry et al., 1992; Seivewright and Dougal, 1993). Although a trend of
increasing dose was not observed for patients co-prescribed an SSRI, the
higher starting and maximum benzodiazepine dose in the SSRI group is
clearly of concern.

The observed dose escalation in the non-SSRI/SNRI group warrants
further investigation. Dose escalation can signal risk for physical
dependence (Landry et al., 1992; Seivewright and Dougal, 1993).

However, this group’s lower starting and maximum benzodiazepine
doses and shorter benzodiazepine treatment duration might suggest
lower risk for dependence. This could reflect cautious prescribing by
providers aiming for minimal effective doses for each patient. Alterna-
tively, this group may have less severe symptoms. Further research is
needed to understand how patient characteristics and other factors in-
fluence the relationship between SSRI/SNRI co-prescription and
benzodiazepine dose, duration, and risks.

Our results should be considered in light of several limitations. First,
the SSRI/SNRI and benzodiazepine prescriptions occurred in the same
window, preventing conclusions regarding the directionality of their
associations. It is possible that longer benzodiazepine prescription
duration could increase the likelihood of a subsequent SSRI prescription
or vice-versa. Second, we did not examine the effect of the dosage,
timing, or duration of the SSRI/SNRI prescriptions, which could influ-
ence the observed differences if pharmacodynamic interactions are
involved. Future research should examine whether these factors relate to
baseline benzodiazepine dosage and change in benzodiazepine dosage
over time. Similarly, we did not examine whether the relationship be-
tween SSRI/SNRI co-prescription and benzodiazepine dose and duration
differed depending on the type of SSRI, SNRI, and/or benzodiazepine.
Although the mechanisms of action are similar within a drug class, the
specific drugs differ in their half-lives, potency, and interactions with
other drugs (Marken and Munro, 2000; Strawn and Stimpfl, 2023).
Additionally, the extent to which patients filled their prescriptions and
used their medications as prescribed remains unknown, since no anal-
ysis of drug levels was available for these patients. Finally, while the
models adjusted for psychiatric diagnoses which could influence time,
dose, and duration of medication treatment, we did not examine
symptom severity, which could help explain some of the present find-
ings. It is possible that more severe symptoms leads to both
co-prescription of an SSRI/SNRI and a benzodiazepine and higher
maximum benzodiazepine dosage and treatment duration. Indeed, some
guidelines recommend adjusting benzodiazepine treatment based on
symptom severity (Kaplan and DuPont, 2005). Finally, we used a cohort
study design; random assignment is needed to draw causal inferences
regarding the link between SSRI/SNRI co-prescriptions and benzodiaz-
epine dosage and treatment duration. Future research should utilize a
randomized controlled trial to examine the relationship between
SSRI/SNRI co-prescription and benzodiazepine dosage and treatment
duration while accounting for symptom severity.
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In conclusion, we found that for patients in an academic medical
center, SSRIs or SNRIs were often co-prescribed with benzodiazepines.
Patients prescribed either combination were prescribed benzodiazepines
for longer durations and at higher maximum doses than those prescribed
a benzodiazepine alone. Higher benzodiazepine doses were associated
with patients who were younger, identified as a race other than Black/
African American, and had an anxiety disorder. The benzodiazepine
prescription durations were long enough to invoke concerns regarding
developing physical dependence, a phenomenon associated with
increased risk of a substance use disorder. The extent to which co-
prescription of SSRIs/SNRIs with benzodiazepines is a risk factor for
dependence and substance use disorder involving a benzodiazepine
awaits further scrutiny.
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