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The leading cause of death in patients with giant cell arteritis (GCA) and
polymyalgia rheumatica (PMR) is cardiovascular disease. The objective of this
study was to determine whether the use of selective serotonin reuptake
inhibitors (SSRI) and serotonin norepinephrine reuptake inhibitors (SNRI) in
veterans with GCA and PMR could have a cardio-modulatory effect as
compared to nonuse. Patients with GCA and PMR were identified through the
Veterans Affairs Informatics and Computing Infrastructure. After a 2:1 propensity
score matching for SSRI or SNRI users, we identified nonusers with similar
covariates. We then applied a multivariate logistic regression (MLR), to
calculate the odds ratio (OR) for cardiovascular event (CVE) outcomes within 5
years after the index date. Related hazard ratios (HR) were also calculated to
validate the discovery of our findings. We identified 2249 patients with GCA and
3906 patients with PMR. Among patients with GCA, 174 (27%) SSRI users had
incident cardiovascular disease as compared to 47 (28%) SNRI users and 277
(19%) nonusers; in the PMR cohort, 108 (13%) were SSRI users compared to 71
(15%) SNRI users and 255 (11%) nonusers. The adjusted ORs of the CVE outcome
associated with venlafaxine (2.44, p=0.01) and sertraline (1.45, p=0.04) were
significantly greater than 1 in GCA, with similar results observed in the PMR
cohort (2.01, p=0.02, and 1.45, p=0.04, respectively). Cox-regression analysis
was also conducted, and the hazard ratios were qualitatively consistent with the
MLR analysis. In conclusion, the adjusted risk of CVE in patients with GCA or PMR
using either venlafaxine or sertraline was higher than that in the non-
exposed groups.
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Introduction

Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR)
are chronic idiopathic inflammatory conditions of unclear etiology
(1) with significant implications for cardiovascular morbidity and/
or mortality. Both conditions are characterized by increased
activated platelet activation, with circulating levels of the platelet
marker thrombospondin-1 (TSP-1) recently demonstrated to be
significantly higher in patients with GCA and PMR as compared to
healthy controls (2-4). Activated platelets undergo degranulation
resulting in the release of dense and alpha granules that contain
serotonin and other platelet activating factors (5). Upon interaction
with other platelets, they contribute to coagulation promoting
atherosclerosis that is complicated by arterial thrombosis,
myocardial infarction, and ischemic stroke (6). Patients with
GCA are at higher risk of developing cardiovascular events (CVE)
compared to non-GCA patients, with the highest risk of these
events occurring within the first year of GCA diagnosis (7). A recent
study demonstrated that patients with GCA experienced
myocardial infarct (MI) that was mainly type 2 due to systemic
inflammation (8). However, in other studies, there was no increased
risk of acute coronary syndrome in GCA (9). Patients with PMR
also have a higher risk of cardiovascular events, with that risk being
greatest in patients who are younger than 60 years at the time of
diagnosis (10).

Selective serotonin reuptake inhibitors (SSRI) and serotonin
norepinephrine reuptake inhibitors (SNRI) could have a beneficial
effect on the cardiovascular system by inhibiting platelet
aggregation and therefore reducing cardiovascular mortality and
morbidity (11). Some of the newest SSRI such as sertraline, can
improve insulin resistance, dyslipidemia, and have anti-
inflammatory action reducing C-reactive protein and interleukin-
6 (12). Duloxetine, an SNRI was found to have antiplatelet and
thrombo-protective properties (13). Studies investigating the risk of
primary ischemic events among SSRI users have been inconclusive.
Because SSRI inhibit serotonin uptake into platelets, there could be
a reduction in the risk of ischemic heart events (14-16). In a
randomized, double-blind placebo-controlled trial that recruited
patients with depression within 30 days of hospitalization for acute
MI or unstable angina, patients were randomly assigned to receive
either sertraline or a placebo for 24 weeks. Overall, severe CVE was
less with sertraline compared to placebo (14.5% vs 22.4%) though
not statistically significant (17). Other studies have shown no
difference in the cardiovascular risk in depressed patients treated

Abbreviations: GCA, giant cell arteritis; PMR, polymyalgia rheumatica; SSRI,
selective serotonin reuptake inhibitors; SNRI, serotonin norepinephrine reuptake
inhibitors; MLR, multivariate logistic regression; CVE, cardiovascular event; TIA,
transient ischemic attack; MI, myocardial infarct; OR, odds ratio; VINCI,
Veterans Affairs Informatics and Computing Infrastructure; HTN,
hypertension; ICD-9-CM, International Classification of Diseases Ninth
Revision; ICD-10-CM, International Classification of Diseases Tenth Revision;
TSP-1, thrombospondin-1; BMI, body mass index; SD, standard deviation; HR,
hazard ratio; CI, confidence intervals; TNF- o,tumor necrosis factor alpha; IL-6,

interleukin-6.
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with SSRI compared to non-depressed patients who did not use any
anti-depressants (18).

The incidence and risk of cardiovascular events in patients with
GCA and PMR who use SSRI and SNRI have not been carefully
investigated. The objective of our retrospective study was to
evaluate the association of SSRI or SNRI users with
cardiovascular outcomes defined to include ischemic stroke,
transient ischemic attack (TIA), myocardial infarction, and
angina in patients with GCA and PMR within a veteran-
based population.

Methods
Data sources and study population

In this retrospective study approved by our institutional review
board, patients with GCA and PMR, were identified between
January 1999 and September 2023, and extracted through the
Veterans Affairs Informatics and Computing Infrastructure
(VINCI). Cardiovascular events were identified using diagnostic
codes to search hospital admissions and outpatient visits within the
Veterans Health Administration system, and linkage with the
Centers for Medicare and Medicaid administrative data, as
previously performed by our group (19, 20). VINCI also provides
information about outpatient pharmacy dispensing that allowed us
to identify SSRI (citalopram, escitalopram, fluoxetine, paroxetine,
sertraline, vortioxetine, and fluvoxamine) and SNRI (duloxetine,
venlafaxine, desvenlafaxine, milnacipran) users among GCA and
PMR patients.

Study design and data collection

Matched cohort analyses were conducted for incident CVE
among patients with GCA or PMR who used SSRI or SNRI, and
findings were compared to patients with GCA or PMR who did not
use any anti-depressants. The comparison cohort was created by
matching two individuals with GCA or PMR who did not use SSRI
or SNRI to each GCA or PMR patient who used SSRI or SNRI
within 6 weeks before diagnosis of GCA or PMR with total use of at
least 365 days. Initiation of SSRI or SNRI was confirmed by more
than one filled prescription of either brand or generic drug names.
We included in our database patients who had been on other
antidepressants such as clomipramine, amoxapine, desipramine,
trazodone, doxepin, imipramine, phenelzine, mirtazapine,
bupropion, bupropion/naltrexone, or clomiphene prior to the
index date (date of GCA or PMR diagnosis). The matching was
performed based on gender, age at the time of disease diagnosis,
race, glucocorticoid use for at least 150 days, hypertension (HTN),
smoking, diagnosis of vasculitis or PMR in the outpatient or
inpatient setting, and average Charlson’s comorbidity score 5
years prior to the index date.

The GCA cohort included patients: (a) aged =50 years; (b)
classified with at least one GCA clinical modification code from the
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International Classification of Diseases Ninth or Tenth Revision
(ICD-9-CM or ICD-10-CM) (Supplementary Table 1), and (c) on
glucocorticoid therapy and/or other immunosuppressive therapy
for at least 150 days, starting within 30 days before diagnosis or
within 365 days after diagnosis. Similarly, the PMR cohort included
patients: a) aged > 50 years; b) classified with the ICD-9-CM or
ICD-10-CM codes for PMR (Supplementary Table 1), and (c) on
glucocorticoid therapy and/or other immunosuppressive therapy
for least 150 days, starting within 1 month prior to diagnosis or
within the first year of diagnosis. Identification of patients with
GCA and PMR by using ICD-CM codes and administrative
databases has similarly been applied in the literature before (19-
22). Our study participants were followed up until the date of a
cardiovascular outcome (ischemic stroke, TIA, myocardial
infarction, angina), the end of the 5-year observation period,
death, or the end of our study (30 September 2023), whichever
happened first.

Study outcome of interest

The outcome of interest was the first incidence of cardiovascular
events (ischemic stroke, TIA, myocardial infarction, angina) after
the index date among the study cohorts. Cardiovascular events were
defined by using ICD-9 and ICD-10 procedural codes
(Supplementary Table 1). We included patients who had a prior
history of cardiovascular events for at least 12 months prior to the
index date. However, we excluded patients who had a prior history
of cardiovascular events and had been on dual anti-platelet therapy
(aspirin plus clopidogrel, aspirin plus dipyridamole, aspirin plus
prasugrel, or aspirin plus ticagrelor) for at least 6 months prior to
the index date. We also excluded patients who had deep venous
thrombosis and/or pulmonary embolism and had been on heparin,
warfarin, apixaban, dabigatran, edoxaban, or rivaroxaban within 6
months prior to the index date.

Use of covariates

Covariates were considered potential confounders that are
recognized as independent risk factors for cardiovascular events,
including, HTN, body mass index (BMI), and smoking. HTN was
identified using the ICD-9 and ICD-10 codes (Supplementary
Table 1) and assessed at baseline. Baseline BMI and smoking
status prior to the start of the disease cohort follow-up were also
included as covariates. BMI is known to be a confounder for
cardiovascular events (23), whereas smoking is a well-
characterized risk factor for cardiovascular disease (24). Basic
demographic information such as age, gender, race/ethnicity, and
information about the initial diagnosis of GCA in the outpatient or
inpatient setting were also included as potential confounders.
Patients with malignancy were excluded from this study after
identifying at least two encounters for ICD-9 or ICD-10 codes for
malignancy within 6 months prior to the index date, because of the
association between heart disease and malignancy (25). As a
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comorbidity index score, we used the Charlson comorbidity score
that was calculated based on 19 medical conditions including
diabetes, heart disease, and cancer using data up to 5 years prior
to the index date (26).

Statistical analysis

Baseline demographic characteristics were detailed based on the
stratification with or without SSRI or SNRI use for the GCA and
PMR cohorts. Mean + standard deviation (SD) for quantitative
variables is reported, whereas for categorical variables, proportions
expressed as a percentage (based on non-missing values) are
presented. Descriptive statistics for the frequency of CVE were
also calculated after matching based on the same stratification
among the two cohorts. After performing a 2:1 propensity score
matching for confounding control, we identified pairs of SSRI and/
or SNRI users as well as nonusers among the two patient cohorts
and applied a multivariate logistic regression (MLR) over the
matched data, to calculate the odds ratio (OR) for any CVE
outcome within 5 years after the date of cohort entry (index date)
in each SSRI or SNRI medication.

Multivariable Cox hazard regression models were also
implemented to assess hazard ratios (HR) and the estimates are
reported with 95% confidence intervals (CIs). The censoring events
in the time-to-event analysis were death, end of the study (30
September 2023), and malignancy that some of the patients might
have developed during their disease. Multivariable Cox regression
analysis was adjusted for BMI, gender, age at time of disease
diagnosis, race, smoking, HTN, disease diagnosis in the
outpatient or inpatient setting, and 5-year average Charlson’s score.

For all analyses, p-values < 0.05, were considered statistically
significant. All statistical analyses were performed using the R
software (version 3.6.3, http://www.r-project.org/).

Results

Baseline demographic characteristics of
the study populations

After matching, a total of 2249 patients with GCA and 3906
patients with PMR were included in our study. Within the GCA
cohort, 653 were SSRI users, 168 were SNRI users, and 1428 were
nonusers. Among the PMR cohort, 815 and 487 were SSRI and
SNRI users respectively, whereas 2604 were nonusers. Most of the
patients were male and white in both cohorts. The mean age of
patients with GCA at the time of diagnosis ranged between 68 to 74
years, whereas in the PMR cohort was above 70 years (Table 1). Less
than one-fourth of the patients were smokers both in the GCA and
PMR cohorts. The mean BMI ranged between 28 to 30 in the GCA
and PMR cohorts. The frequency of HTN, which is a known risk
factor for cardiovascular events (27) was higher in patients with
GCA and was observed in more than half of the patients. A possible
explanation for this observation is that patients with GCA are
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TABLE 1 Baseline demographic characteristics of SSRI, SNRI and nonusers in the GCA and PMR cohorts. .

GCA, N= 2249 PMR, N=3906
Nonusers SSRI SNRI Nonusers SSRI SNRI
N=1428 users N=653 users N=168 N=2604 users N=815 users N=487

éiz;f‘;gm 74 (50-97) 71 (50-97) 68 (51-96) 72 (50-97) 72 (50-97) 71 (50-97)
Sex (male), N (%) 1339 (94%) 603 (92%) 149 (89%) 2506 (96%) 764 (94%) 444 (91%)
Race/Ethnicity, N (%)
White 1017 (71%) 471 (72%) 125 (74%) 2184 (84%) 669 (82.08%) 398 (82%)
African American 142 (10%) 74 (11%) 19 (11%) 144 (5.5%) 46 (5.64%) 41 (8%)
Native American 12 (0.9%) 4(0.5%) 1(0.6%) 21 (0.5%) 8 (0.98%) 2 (0.4%)
Hispanic or Latino 61 (4%) 23 (3.5%) 7 (4%) 76 (3%) 27 (3.31%) 17 (3.5%)
Asian 2 (0.1%) 0 (0%) 1(0.6%) 18 (0.5%) 3 (0.37%) 1(0.2%)
Unknown 178 (13%) 75 (12%) 15 (9%) 144 (5.5%) 52 (6.38%) 22 (4.5%)
Native Hawaiian 16 (1%) 6 (1%)) 0 (0%) 27 (1%) 10 (1.22) 6 (1.2%)
Smoking, N (%) 262 (18%) 131 (20%) 41 (24%) 430 (17%) 146 (18%) 78 (16%)
BMI (mean, IQR) | 27.93 (1426-58.71) 2893 (1537-6210) 3034 (1623-51.50)  29.05 (10.04-61.76)  29.69 (17.60-60.71) | 30.47 (17.07-53.08)
Charlson 468 (0.4-14.2) 475 (0.2-16.2) 49 (0.4-13.6) 464(0.2-15.4) 484 (0.2-13.4) 475 (0.2-13)
(mean, IQR)
HIN, N (%) 846 (59%) 430 (66%) 77 (46%) 1141(44%) 396 (48%) 198 (41%)
Steroid use, N (%) 1374 (96%) 636 (97%) 157 (93%) 2603 (99.9%) 815 (100%) 487 (100%)
Other IMT, N (%) 8 (0.6%) 23 (3%) 14 (8%) 1(0.1%) 0 (0%) 0 (0%)
gx(;; outpatient, 1260 (88%) 557 (85%) 142 (85%) 2504 (96%) 778 (95%) 459 (94%)
Ecgznic stroke, 43 (3%) 38 (6%) 6 (4%) 8 (0.3%) 5 (1%) 6 (1%)
TIA, N (%) 104 (7%) 59 (9%) 13 (8%) 76 (3%) 27 (3%) 13 (3%)
ML N (%) 88 (6%) 39 (6%) 15 (9%) 87 (3%) 45 (5%) 26 (5%)
Angina, N (%) 101 (7%) 80 (12%) 23 (14%) 127 (5%) 51 (6%) 38 (8%)
E’i(‘;/z)cv event, 63 (4%) 40 (6%) 10 (6%) 53 (2%) 12 (2%) 11 2%)
gn(t;)c"ag wem, 144 (10%) 57 (8%) 17 (10%) 232 (9%) 88 (11%) 65 (13%)
gu(ii)a FLT wém, 105 (7%) 68 (10%) 17 (10%) 121(5%) 56 (7%) 19 (4%)
*Other AD, N (%)
Bupropion 22 (2%) 24 (4%) 9 (5%) 30(1%) 47 (6%) 15 (3%)
Doxepin 2 (0.14%) 4(0.6%) 0 (0%) 3(0.1%) 4(0.5%) 3 (0.6%)
Imipramine 2 (0.14%) 0 (0%) 0 (0%) 2 (0.1%) - -
Mirtazapine 18 (1%) 24 (4%) 3 (2%) 30 (1%) 28 (3%) 18 (4%)
Selegiline 1 (0.1%) 0 (0%) 0 (0%) - - -
Trazodone 34 (2%) 75 (11%) 32 (19%) 66 (3%) 77 (9%) 41 (8%)
Desipramine - - - - 1 (0.1%) -

IQR, Interquartile Range (25% - 75%); IMT, immunosuppressive therapy; AD, antidepressant; CV, cardiovascular; aPLT wém, antiplatelet therapy within 6 months; anti-coag wém, anti-
coagulation within 6 months
*Other non-SSRI or SNRI AD concomitantly administered.
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usually treated with higher doses of glucocorticoids as compared to
patients with PMR.

Both cohorts had similar average 5-year Charlson scores among
SSRI, SNRI and nonusers. Most patients with GCA were treated
with glucocorticoids (steroids), whereas a very small percentage was
treated with other immunosuppressive agents (tocilizumab or
cyclophosphamide). 100% of patients with PMR were treated with
oral glucocorticoids. Therefore, steroids were not used as an
independent covariate in the most due to lack of contrast. The
initial diagnosis of GCA or PMR, was made in the outpatient setting
in more than 85% of the patients. The frequency of ischemic stroke,
TIA, ML, and angina as well as prior history of CV events, and dual
anti-platelet therapy within 6 months prior to the index date was
slightly higher in the GCA cohort compared to the PMR cohort and
varied within the groups of SSRI users, SNRI users and nonusers. A
very small proportion of patients in both cohorts were on other
antidepressants concurrently administered with SSRI or
SNRI (Table 1).

Frequency of cardiovascular events among
SSRI, SNRI users and nonusers in patients
with GCA and PMR

The occurrence of cardiovascular events in patients with GCA
and PMR within the groups of SSRI users, SNRI users, as well as
non-users, is presented in Table 2. In the GCA cohort, 174 (27%)
SSRI users had incident cardiovascular disease as compared to 47
(28%) SNRI users and 277 (19%) nonusers; within the PMR cohort,
incident cardiovascular disease was noted in 108 (13%) SSRI users
in comparison to 71 (15%) SNRI users and 255 (11%)
nonusers (Table 2).

Association of SSRI and SNRI use with
incidence of cardiovascular events in
patients with GCA and PMR

The association between SSRI and SNRI use, and the incidence
of CVE was then assessed in Table 3. In our adjusted main analysis
that included nonusers and users of only one medication from the
SSRI or SNRI group, we found venlafaxine and sertraline use was
associated with a higher incidence of cardiovascular disease
compared to nonusers, in both GCA and PMR subgroups.
Patients with GCA who started using venlafaxine and sertraline
within 6 weeks before diagnosis with use for at least a year were
significantly more likely to have a higher incidence of
cardiovascular events within 5 years from index date (adjusted
OR for venlafaxine=2.44, 95%CI:1.23-4.84, p=0.01, and adjusted
OR for sertraline=1.45, 95%CI:1.02-2.05, p=0.04). Similar results
were observed in the PMR cohort (adjusted OR for venlafaxine
=2.01, 95%CI:1.08-3.77, p=0.02, and adjusted OR for sertraline =
1.45, 95%CI:1.02-2.06, p=0.04). Citalopram was also associated with
a higher cardiovascular incidence in the PMR cohort (adjusted
OR=2.66, 95%CI:1.15-6.19, p= 0.02).
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TABLE 2 Frequency of CVE in SSRI/SNRI- and non-users in GCA

and PMR.

GCA, n=2249 PMR, n=3906

SSRI-users, n=653
Fluoxetine with CVE, n=33
Fluoxetine w/o CVE, n=69
Sertraline with CVE, n=73

Sertraline w/o CVE, n=185

SSRI-users, n=815
Fluoxetine with CVE, n=13
Fluoxetine w/o CVE, n=107
Sertraline with CVE, n=60

Sertraline w/o CVE, n=369

Citalopram with CVE, n=51
Citalopram w/o CVE, n=159
Paroxetine with CVE, n=9
Paroxetine w/o CVE, n=44
Escitalopram with CVE, n=7

Escitalopram w/o CVE, n=21

Citalopram with CVE, n=17
Citalopram w/o CVE, n=109
Paroxetine with CVE, n=11
Paroxetine w/o CVE, n=47
Escitalopram with CVE, n=6

Escitalopram w/o CVE, n=73

Fluvoxamine with CVE, n=1
Fluvoxamine w/o CVE, n=0
Vortioxetine with CVE, n=0
Vortioxetine w/o CVE, n=1
SNRI-users, n=168

Venlafaxine with CVE, n=27

Fluvoxamine with CVE, n=1
Fluvoxamine w/o CVE, n=2
SNRI-users, n=487
Venlafaxine with CVE, n=25
Venlafaxine w/o CVE, n=102

Duloxetine with CVE, n=45

Venlafaxine w/o CVE, n=52 Duloxetine w/o CVE, n=312

Duloxetine with CVE, n=20 Milnacipran with CVE, n=0

Duloxetine w/o CVE, n=69 Milnacipran w/o CVE, n=1

Non-SSRI or SNRI-users, n=1428 Desvenlafaxine with CVE, n=1

Nonusers with CVE, n=277 Desvenlafaxine w/o CVE, n=1

Nonusers w/o CVE, n=1151 Non-SSRI or SNRI-users, n=2604

Nonusers with CVE, n=255

Nonusers w/o CVE, n=2349

To verify the robustness of our discovery we did a sensitivity
analysis by including nonusers and users of all medications from
both the SSRI and SNRI groups to perform a larger scale regression
(Supplementary Table 2). In the adjusted MLR, venlafaxine use
remained significantly associated with the higher odds of
cardiovascular incidence (adjusted OR=2.18, 95%CI:1.31-3.63,
p=0.002) followed by fluoxetine (adjusted OR=1.95, 95%CI:1.25-
3.07, p=0.004), and sertraline (adjusted OR=1.51, 95%CI:1.10-2.06,
p=0.01) in the GCA cohort. In the PMR cohort venlafaxine use
continued to be associated with higher odds of cardiovascular
disease (adjusted OR=2.34, 95%CI:1.46-3.74, p<0.001) followed by
sertraline (adjusted OR=1.38, 95%CI:1.01-1.88, p=0.04).

We then applied Cox proportional hazard regression models to
assess the HR of CVE among SSRI or SNRI users within 5 years in
the GCA and PMR cohorts adjusting for comorbidity covariates.
The HR for all cardiovascular events after 2:1 matching was
significantly greater than 1 for both venlafaxine (p=0.03), and
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TABLE 3 Adjusted odds ratio of CVE for individual medication users in

GCA and PMR within 5 years.

*CVE OR, (95% ClI), p-value

GCA

PMR

10.3389/fimmu.2025.1509941

TABLE 4 Adjusted hazard ratios of CVE in individual medication users in
GCA and PMR after 2:1 matching within 5 years.

*CVE HR, (95%Cl), p-value

GCA

PMR

SSRI

SSRI

SSRI

SSRI

Fluoxetine 1.70 (0.98-2.94), 0.06

Fluoxetine 0.79 (0.38-1.67), 0.54

Fluoxetine 1.39 (0.80-2.43), 0.24

Fluoxetine 0.77 (0.35 -1.72), 0.53

Sertraline 1.45 (1.02-2.05), 0.04
Citalopram 1.48 (0.98-2.23), 0.07
Paroxetine 0.77 (0.31-1.94), 0.58

Escitalopram 2.36 (0.65-8.62), 0.20

Sertraline 1.45 (1.02-2.06), 0.04
Citalopram 2.66 (1.15-6.19), 0.02
Paroxetine 2.03 (0.81-5.11), 0.13

Escitalopram 0.63 (0.23-1.70),0.35

Sertraline 1.43 (1.05-1.96), 0.02
Citalopram 1.24 (0.86-1.78), 0.24
Paroxetine 2.41 (1.09-5.33), 0.03

Escitalopram 0.63 (0.16-2.48), 0.51

Sertraline 1.51 (1.08-2.10), 0.01
Citalopram 0.87 (0.45-1.69), 0.69
Paroxetine 0.81 (0.29-2.26), 0.68

Escitalopram 1.99 (0.89-4.47), 0.09

Fluvoxamine - Fluvoxamine - Fluvoxamine - Fluvoxamine -
Vortioxetine - Vortioxetine -
SNRI SNRI SNRI SNRI

Venlafaxine 2.44 (1.23-4.84), 0.01
Duloxetine 1.08 (0.56-2.11), 0.80

Milnacipran -

Venlafaxine 2.01 (1.08-3.77), 0.02
Duloxetine 1.25 (0.83-1.88), 0.28

Milnacipran -

Venlafaxine 1.77 (1.06-2.94), 0.03
Duloxetine 0.86 (0.44-1.68), 0.67

Milnacipran -

Venlafaxine 2.39 (1.35-4.23), p=0.003
Duloxetine 1.09 (0.74-1.62), 0.64

Milnacipran -

Desvenlafaxine - Desvenlafaxine -

Desvenlafaxine - Desvenlafaxine -

*Adjusted for BMI, gender, age at the time of disease diagnosis, race, smoking, HTN, disease
diagnosis in the outpatient or inpatient setting, and 5-year average Charlson’s score). For each
regression, we included nonusers and users of only one medication.

sertraline (p=0.02) in the GCA cohort, as well as in patients with
PMR (p=0.003 and p=0.01 respectively) (Table 4). Paroxetine use
was associated with the highest risk of developing cardiovascular
disease in the GCA cohort (adjusted HR:2.41, 95%CI:1.09-5.33,
p=0.03). However, due to the small number of patients under
paroxetine, we believe the validity of this positive result needs
further examination. Our results indicate that venlafaxine and
sertraline users are at high risk of developing CVE in both GCA
and PMR cohorts within 5 years of their disease course (Table 4).

Using all SSRI and SNRI medications in our Cox regression
analysis, sertraline and venlafaxine use remained significantly
associated with a high risk of CVE in the GCA cohort (adjusted
HR:1.33, 95%CI:1.02-1.75, p=0.04, and adjusted HR:1.95, 95%
CI:1.33-2.87, p<0.001 respectively), but not paroxetine use
(adjusted HR:1.34, 95%CI:0.76-2.35, p=0.30) (Supplementary
Table 3). For the PMR cohort, the use of sertraline and venlafaxine
also continued to be associated with a higher risk of CVE (adjusted
HR:1.43, 95%CI:1.08-1.91, p=0.01, and adjusted HR:2.09, 95%
CI:1.39-3.15, p<0.001 respectively) (Supplementary Table 3).

We also compared the HRs among patients with SSRI or SNRI use
to further eliminate any potential unmeasured confounders, to better
validate the association between certain medications and observed
higher incidence rates. These HRs are reported in Supplementary
Table 4. For example, the HR of CVE among venlafaxine users in the
PMR cohort is for comparing patients with venlafaxine use and PMR
diagnosis to patients with any SSRI or SNRI use and PMR diagnosis.
Non-users were not involved in this analysis. Interestingly, only
venlafaxine use was associated with a higher risk of cardiovascular
disease for both the GCA and PMR cohorts (Supplementary Table 4).
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*Adjusted for BMI, gender, age at time of disease diagnosis, race, smoking, HTN, disease
diagnosis in the outpatient or inpatient setting, and 5-year average Charlson’s score. For each
HR, we included nonusers and users of only one medication.

The median duration of each SSRI or SNRI medication after the
beginning of the study among the GCA and PMR cohorts is presented
in Supplementary Table 5. The median duration of the SSRI
medications varied between 299 to 454 days in the GCA cohort,
whereas for the PMR patients was between 392 to 692. With regards to
the SNRI medications, the median duration was between 364 to 478,
and 214 to 720 days for the GCA and PMR cohorts respectively.

We also present stratified Kaplan-Meier curves for the
cardiovascular outcomes in GCA (Figures 1A, B) and PMR
(Figures 2A, B). As shown in these figures, patients with GCA
and PMR, stratified as venlafaxine or sertraline users, have a distinct
time-to-event incidence of CVE events compared to non-users. The
x-axis represents the time in days after each individual’s index date,
whereas the y-axis shows the estimated probability of patients with
GCA or PMR without developing cardiovascular events. For
example, at 250 days after the diagnosis of GCA, the predicted
probability of having CVE is around 12% for the nonusers, whereas
the venlafaxine users have approximately 50% more chance of
experiencing CVE in the GCA group (Figure 1A). As
supplementary material we also present the predicted probability
of experiencing cardiovascular outcomes among users of paroxetine
and duloxetine compared to non-users in the GCA and PMR
cohorts (Supplementary Figures 1, 2 respectively).

Discussion

In this retrospective observational study, we observed a higher
incidence of cardiovascular events among patients with GCA and
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Kaplan-Meier plots for the time to CVE from the time of diagnosis of PMR stratified by medication user and non-user (blue and red lines
respectively) after matching and including non-users and users of Venlafaxine (A) or Sertraline (B).

PMR using the antidepressants venlafaxine or sertraline compared
to nonuse. We also found a high risk of cardiovascular disease
among venlafaxine and sertraline users in both the GCA and PMR
cohorts. This observation may imply a harmful role of venlafaxine
and sertraline use, increasing the risk for cardiovascular events
among patients with GCA and PMR. We also recognize that
depression which is common among patients with GCA and
PMR (28, 29), is an independent risk factor for incident
cardiovascular disease (30, 31).

To the best of our knowledge, there are no data on the impact of
SSRI or SRNT use on cardiovascular burden in inflammatory diseases
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such as GCA and PMR. Patients with GCA are known to have
increased mortality due to cardiovascular events including ischemic
heart disease as shown in two independent studies conducted in
northern (32) and southern Sweden (33) and verified by postmortem
studies showing persistent vascular inflammation (34). However, in
patients with PMR there was no association between cardiovascular
events and mortality (35), despite some studies showing an increased
risk of all types of cardiovascular events early in their disease course
within the first six months after diagnosis (10).

An increasing amount of evidence suggests that platelet
activation persists despite glucocorticoid therapy in patients with
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GCA and PMR (2, 3). Persistently elevated levels of von Willebrand
factor that is produced by both endothelial cells and
megakaryocytes (36, 37), as well as TSP-1 in the circulation of
patients with GCA and PMR (3, 4), considered to be in clinical and
biochemical remission, may indicate a constant procoagulant state.
This prothrombotic effect could be modified by antidepressants that
inhibit serotonin reuptake, in particular SSRI and SNRI, via
depletion and/or decrease in levels of intraplatelet serotonin.
Indeed, in the Sertraline Antidepressant Heart Attack
Randomized Trial (SADHART) study, treatment with sertraline
resulted in substantially less release of platelet (P-selectin, platelet
factor 4, and thromboxane B2) and endothelial markers (vascular
cell adhesion molecule-1 and E-selectin) as compared to placebo, in
patients that suffered depression post-MI (38). However, evidence
that these biochemical changes could have relevant cardiovascular
significance remains unclear.

Interestingly, some studies indicate that sertraline use in
depressed primates after an 18-month treatment period, may
result in 4.9 times and 6.5 times higher coronary artery
atherosclerosis extent compared to untreated depressed monkeys,
and non-depressed monkeys respectively (39, 40), suggesting that
both chronic sertraline use, and depression could be
proatherogenic. Other preclinical studies have shown that chronic
use of the SSRI fluoxetine enhanced the formation of atherosclerotic
lesions in apolipoprotein E-deficient mice via increasing integrin
activity on neutrophils and monocytes, potentially increasing the
risk of cardiovascular events (41). In our sensitivity analyses,
fluoxetine was also associated with a higher incidence of
cardiovascular disease.

With regards to venlafaxine, it was shown that its use was
associated with higher rates of stroke and TIA compared to other
antidepressants among older people (42). Venlafaxine may promote
inflammation and cytokine production, as its use is associated with
elevated levels of tumor necrosis factor alpha (TNF- o), and
interleukin-6 (IL-6), especially at higher doses of 150 mg daily
due to its pro-norepinephrinergic effect (43, 44). IL-6 is an
inflammatory cytokine with a known pro-atherogenic role (45).
Of note, continued elevated plasma, and temporal artery tissue IL-6
levels reflecting ongoing vascular inflammation despite
glucocorticoid therapy, has been reported in some patients with
GCA (46). A subset of patients with PMR were also found to have
elevated plasma IL-6 levels despite glucocorticoid therapy for a
month (47). Further complicating matters, persistent systemic, and
vascular inflammation in patients with PMR and GCA could be
contributing to accelerated atherosclerosis and vascular remodeling
leading to arterial stenosis and aneurysms (48, 49).

In a recent meta-analysis, SSRI use was associated with an
increased risk of ischemic stroke (aOR 1.48; 95% CI 1.08-2.02),
probably via its atherosclerotic effect on the cerebral vasculature
(50). In our own study, we found that the aOR of cardiovascular
events for sertraline use among patients with GCA and PMR was
1.46 and 1.45 respectively. In another study, SSRI use was also
associated with an increased carotid intima-media thickness that is
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a predictor of myocardial infarction in a study of middle-aged
veteran twins from the Vietnam Era Twin registry (51).
Interestingly, in a propensity score-matched population-based
study conducted in Canada there was a higher risk of acute MI,
stroke, or cardiovascular related hospitalization among SNRI users
compared to SSRI users within one year of drug initiation (52).

Our study has several limitations. Firstly, depression itself is a
risk factor for cardiovascular events and could be a confounding
factor by indication. Apart from indication bias, possible selection
bias due to the retrospective nature of our study, and
misclassification are also other limitations. We may have excluded
patients with severe GCA or PMR disease as they may not have
survived up to 150 days to be considered for immunosuppressive
therapy or may have had a fatal cardiovascular event. Another
limitation of our study is that the diagnosis of GCA and PMR was
based on ICD codes. Also, inflammatory markers, histologic
evidence of temporal arteritis for the diagnosis of GCA, imaging
studies such as ultrasound of temporal arteries, magnetic resonance
angiography and fluorodeoxyglucose (FDG)-positron emission
tomography that is frequently used for diagnostic purposes, as
well as disease severity and activity status, were not recorded for this
study. Another limitation is that most patients with GCA and PMR
were on glucocorticoid therapy, whereas only a very small
proportion of patients with GCA were also on the IL-6 inhibitor
tocilizumab, which could have a potential vascular protective
role (45).

Additionally, information about the degree of physical activity
and dietary preferences are not available for this study given its
retrospective nature, and residual confounding is another
limitation. Further, although our cohorts were large, the number
of cardiovascular events was low which restricted the power of our
study. Also, we did not use ICD codes for depression to identify
patients who were depressed, and its severity, as we assumed that
those on antidepressants had depression as an indication.
Additionally, we did not use codes suggesting potential non
medication adherence and/or codes associated with adverse effects
of anti-depressants, resulting in discontinuation. Finally, it is
unclear to what extent our results can be generalized to other
autoimmune diseases such as rheumatoid arthritis and lupus that
are independent risk factors for cardiovascular disease, or the
general population in the presence of traditional risk factors, as
there is a heavy representation of men in the military population.

However, our study has some strengths. This is the first large
study that suggests that venlafaxine and sertraline use could
be associated with a high incidence and risk of cardiovascular
disease validated within two different disease cohorts, that share
some common pathophysiological features. Another strength is that
the reported adjusted OR and HR of cardiovascular events for
venlafaxine and sertraline users demonstrated similar trends in both
disease cohorts, enhancing further the robustness of our study
findings. Although our findings suggest a cardio-harmful effect of
venlafaxine and sertraline use, among these high-risk
cardiovascular disease inflammatory conditions, our results need
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to be further validated by larger multicenter prospective clinical
studies. Future research should explore the mechanisms by which
specific antidepressants may influence cardiovascular health and
assess the dose and duration of the effect of these pharmaceutical
interventions on cardiovascular risk over time among patients with
inflammatory disorders.

In conclusion, our study uncovers critical insights into how
antidepressant pharmacotherapy, and particularly venlafaxine and
sertraline can significantly modify cardiovascular risk profiles in
patients with GCA and PMR. Given the widespread prescription of
these medications for depression, it is imperative that clinicians and
patients remain vigilant about the potential cardiovascular risks
associated with their use. A careful assessment of the benefits versus
risks is essential in guiding treatment decisions for these vulnerable
populations in clinical practice. By prioritizing cardiovascular
health, providers can improve clinical outcomes and quality of
care for those affected by these inflammatory conditions.
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