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Abstract

Background: Widespread prescription of antidepressants and their
resulting role in serotonin syndrome (SS) are of great importance for clinical
practice in the elderly. This study aims to investigate possible associations
of antidepressant drug-induced SS with related variables in these patients.
Methods: A total of 238 older adults using antidepressants were included.
Patients who fulfilled the Hunter Serotonin Toxicity Criteria (HSTC) for SS
were considered as the clinical groups (mild, moderate, or severe), and
those who did not as the control group. We recorded all patients’ demo-
graphic and clinical characteristics, including age, gender, comorbidity
index, number of medications, daily equivalent dose of the relevant antide-
pressant according to fluoxetine per day, electrocardiogram test results,
laboratory results, and management.
Results: The mean age of all patients was 75.4 � 7.6 years and 63.4%
were female. Sixty patients had SS, while 178 patients did not. There was a
significant difference between those with and without SS in terms of gen-
der, frequency of combination antidepressant therapy, and daily equivalent
antidepressant dose (P < 0.05). The most common diagnostic findings in
SS patients were tremor and hyperreflexia and 31.7% was mild, and moder-
ate in 68.3% with higher median age and number of medications
(P < 0.041). Antidepressants were discontinued in all patients regardless of
severity, of whom 71.7% were treated with benzodiazepines and 36.7%
with cyproheptadine. After adjusting for age and sex, association with use
of SSRI + SNRI, use of any combination therapy, and daily equivalent dose
remained significant.
Conclusions: The widespread single or combined use of antidepressants in
older adults represents an increased clinical concern for SS and physicians
should be aware of this drug-related complication in older patients.

INTRODUCTION
One of the most common prescriptions for older adults
is antidepressant medication used for a variety of indi-
cations including depression, anxiety, sleep disorders,
urinary incontinence, and neuropathic pain.1 The risks
and benefits of antidepressant drugs have been an
intriguing area of research in older adults, a vulnerable
population, as they are likely to be at increased risk for
adverse events due to multimorbidity, cognitive impair-
ment, drug–drug interactions, polypharmacy, and aging

kidney. Therefore, assessing antidepressant drugs’ risk
of QTc prolonging effect,2 bleeding, hyponatremia, sex-
ual dysfunction, hypertension, seizure, and serotonin
syndrome (SS) are of great importance in clinical
practice.3,4

Among these adverse effects, SS is considered
one of the potentially life-threatening entities. SS,
also referred to as serotonin toxicity, is characterized
by increased serotonergic activity in the peripheral
and central nervous systems, depending on the level
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of free serotonin (5-hydroxytryptamine (5-HT)), or
5-HT receptor activation, in particular the 5-HT1A and
5-HT2A subtypes.4–6 The clinical findings, ranging
from a clonus to a severe mental state change,
require an established set of decision rules, and the
Hunter Serotonin Toxicity Criteria (HSTC)7 are the
most commonly used diagnostic criteria for
SS. Initiation of a serotonergic drug, increasing the
therapeutic dose of a single serotonergic drug, or
adding a second serotonergic one has been blamed
in the aetiology.4 Therefore, a thorough inquiry about
all types of drugs, including over-the-counter drugs,
dietary supplements, and illegal ones,8,9 is crucial for
differential diagnosis and management.

Furthermore, the true incidence of SS due to anti-
depressants is unknown because of several factors:
(i) it has not been the primary outcome of controlled
clinical antidepressant trials; (ii) its mild forms may
easily be overlooked, or physicians may not be familiar
with the entity.10,11 On the other hand, apart from anti-
depressants, some analgesics and antiparkinsonian
medications are other serotonergic agents commonly
received by older adults. Given the aforementioned
reasons, and the presence of comorbidities and fac-
tors that predispose to drug side effects such as age-
related pharmacodynamic changes, antidepressant
drug-induced SS in older adults certainly requires a
better understanding; however, data on the subject is
scarce in the literature. Therefore, we aimed to investi-
gate the occurrence/rate of antidepressant drug-
induced SS and its possible associations with related
variables using HSTC in an effort to avoid the con-
founding effects of other serotonergic drugs by using
a detailed drug history.

MATERIALS AND METHODS
Study population
Two hundred thirty-eight outpatients, aged 60 years
and older, using antidepressants who were admitted
to our geriatric department between June 2015 and
June 2020 were included in this cross-sectional
study. The study was conducted according to the
Declaration of Helsinki and the Committee on Publi-
cation Ethics (COPE) guidelines and approved by the
ethics committee of Dokuz Eylul University, Faculty
of Medicine (IRB number: 2020/27–13). Informed
consent was obtained for the study. All patients had
a least one of the comorbidities common in older

adults or geriatric syndromes, such as hypertension,
diabetes mellitus, sleep disorder, chronic pain, osteo-
arthritis, cardio-cerebrovascular disease, osteoporo-
sis, movement disorder, dementia, geriatric
depression, urinary incontinence, as reflected in the
Charlson comorbidity index shown in Table 1.

Patients using serotonergic agents other than
antidepressants (e.g., tramadol, antiemetics, anti-
psychotics, monoamine oxidase inhibitors, fenta-
nyl, levodopa, linezolid) were excluded from the
study.9,12–15 Criteria for inclusion in the SS clinical
groups were a diagnosis of SS using the Hunter
Serotonin Toxicity Criteria (HSTC),7 which requires
the presence of one of the following classic features
or groups of traits in a subject using a serotonergic
agent: spontaneous clonus; inducible clonus with
agitation or diaphoresis; ocular clonus with agitation
or diaphoresis; tremor and hyperreflexia; or hyperto-
nia, plus temperature above 100.4� F (38�C) and ocu-
lar or inducible clonus. Further, those with SS were
further divided into the three clinical groups of mild,
moderate, and severe.16 Those who used antidepres-
sants and complied with the study pattern but were
not diagnosed with SS according to HSTC were con-
sidered as the control group.

Measurements
For all patients, we recorded the following demo-
graphic and clinical characteristics: age; gender;
comorbidity index; number of medications; 12-lead
surface electrocardiogram (ECG) test results includ-
ing heart rate, PR, QT and QTc interval, and QRS
duration; laboratory results (sodium, potassium, mag-
nesium, creatinine kinase); and management.

Classification and dosages of antidepressants
All patients were classified into six subgroups
according to the type of antidepressants: (i) selective
serotonin reuptake inhibitors (SSRIs) including
citalopram, escitalopram, sertraline, paroxetine, fluoxe-
tine, fluvoxamine; (ii) serotonin-noradrenaline reuptake
inhibitors (SNRIs) including duloxetine and venlafaxine;
(iii) noradrenaline and specific serotonergic antidepres-
sants (NASSAs); (iv) serotonin antagonists and reuptake
inhibitors (SARIs); (v) tricyclic antidepressants (TCAs);
(vi) combination therapy. Since the main prescriptions
for NASSAs and SARIs in our country are mirtazapine
and trazodone, respectively, only the names of these
two antidepressants will be used throughout the text.

Serotonin syndrome in older patients
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Combination therapy means the concurrent use of at
least two different antidepressants.

SS patients’ antidepressive agent dosage per day
was provisionally calculated in accordance with
Hayasaka et al.’s study of recommendations from
randomized controlled trials. Following their study,
dose equivalency of antidepressants was calculated
using fluoxetine as the standard. Thus, fluoxetine
40 mg/day was accepted as equivalent to dosages
of paroxetine 34 mg/day, escitalopram 18 mg/day,
fluvoxamine 143 mg/day, mirtazapine 50 mg/day,
sertraline 100 mg/day, trazodone 400 mg/day, and
venlafaxine 150 mg/day, and with less consistent

data, it was considered equivalent to duloxetine
60 mg/day and citalopram 40 mg/day.17

Statistical analysis
Statistical analyses were performed with IBM SPSS
V.22.0 for Windows (SPSS, IBM Software Group, Chi-
cago, IL, USA). Numerical variables were displayed as
numbers of cases and percentages. For comparisons of
common demographic and clinical data between the
patients with and without SS, the Mann–Whitney U-test
was used for continuous variables and the chi-squared
test was adopted for categorical variables. Univariate
logistic regression (odds ratio (OR) and 95% confidence

Table 1 Demographic and clinical features of the study population

Patients with
SS

(n=60) Controls (n = 178) P-value

Age 76.3 � 8.0 75.1 � 7.5 0.302
Sex, F n (%) 45 (75) 105 (59.3) 0.029*
CCI 4.5 � 1.2 4.0 � 1.7 0.147
Number of medication 6.5 � 2.7 6.2 � 2.2 0.868
Symptoms on admission/diagnosis n (%)
Spontaneous clonus 9 (15) –

Inducible clonus and agitation or diaphoresis 19 (31.7) –

Ocular clonus and agitation or diaphoresis 6 (10) –

Tremor and hyperreflexia 53 (88.3) –

Hypertonia and temperature >38�C and ocular
clonus or inducible clonus

1 (1.7) –

Use of any combination antidepressant therapy n
(%)

28 (46.7) 49 (27.7) 0.007*

Antidepressive agent n (%)
SSRI 29 (48.3) 105 (59.0)
SSRI + trazodone 14 (23.3) 42 (23.6)
SSRI + SNRI 5 (8.3) 1 (0.6)
SSRI + mirtazapine 4 (6.7) 3 (1.7)
SNRI 3 (5) 9 (5.1)
Trazodone + mirtazapine 2 (3.3) 3 (1.7)
SNRI + trazodone 1 (1.7) 2 (1.1)
SSRI + SNRI + trazodone 1 (1.7) 0 (0)
SSRI + SNRI + mirtazapine 1 (1.7) 0 (0)
Trazodone 0 (0) 11 (6.2)
Mirtazapine 0 (0) 2 (1.1)

Equivalent dose,† mg/d 34.85 � 18.38 28.17 � 13.06 0.038*
ECG findings
Heart rate 76.0 � 21.2 71.2 � 13.9 0.282
PR interval 159.1 � 25.5 167.8 � 30.5 0.077
QRS 91.4 � 19.4 93.2 � 18 0.348
QT 392.6 � 30.8 400 � 34.4 0.492
QTc 417.4 � 20.3 419.5 � 27.7 0.716

Laboratory
Sodium, mmol/L 140 � 3.8 139.8 � 2.6 0.592
Potassium, mmol/L 4.1 � 0.4 4.2 � 0.3 0.06
Magnesium, mmol/L 0.83 � 0.1 0.82 � 0.08 0.114
Creatinine kinase, U/L 79.2 � 57.9 87.6 � 89.9 0.398

*P < 0.05 is considered statistically significant. † Dose equivalency of antidepressive agents was calculated according to fluoxetine per day. SS, serotonin syn-
drome; CCI, Charlson comorbidity index; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin-noradrenaline reuptake inhibitor.
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interval (CI)) analysis was carried out to examine the
bivariate relationships between SS and variables. Then,
a binary logistic regression (OR and 95% CI) analysis
adjusted for age and sex was run to find the association
for the related significant variables. A probability level of
P < 0.05 was considered statistically significant.

RESULTS
The mean age of all patients was 75.4 � 7.6 years and
63.4% were female. The mean number of medications
was 6.3 � 2.4, and the mean equivalent dose of anti-
depressants was 29.8 � 14.8 mg/day. Out of 238 out-
patients, 60 (25.2%) patients had SS, but 178 (74.8%)
patients did not. Most of the patients were using SSRIs
(n = 134, 56.3%), SSRIs plus trazodone (n = 56,
23.5%), and SNRIs (n = 12, 5%), whereas none were
using TCAs. One hundred fifty-nine patients (66.8%)
received only one antidepressant, and 79 patients
(33.2%) combined two or three antidepressants. Those
treated with combinations of three antidepressants
(1 patient each for SSRI + SNRI + mirtazapine and
SSRI + SNRI + trazodone) had SS.

There was a significant difference between those
with and without SS in terms of gender, frequency of
combination antidepressant therapy, and daily equiv-
alent antidepressant dose (P < 0.05 for each); how-
ever, as seen in Table 1, there was no difference in
terms of age, comorbidity index, number of drugs,
laboratory results, and ECG findings.

The most common diagnostic findings in SS
patients were tremor and hyperreflexia (88.3%). Of all
patients with SS, 31.7% (n = 19) were grouped as mild,
with a median age of 76 (60–90) years, and 68.3%
(n = 41) as moderate, with a median age of 79 (62–93)
years (P = 0.040). There was no severe case in our
study population. The median number of medications
was higher in those with moderate compared with mild
severity, 5 (range 2–13) versus 6 (range 3–13), respec-
tively (P = 0.019). Antidepressants were discontinued
in all patients with SS, regardless of severity, of whom
71.7% (n = 43) were treated with benzodiazepines and
36.7% (n = 22) with cyproheptadine (12 mg/day ini-
tially, then 2 mg every 2 h until symptoms resolved).

Table 2 shows the bivariate relationships between
SS and the SS patients’ variables. At the univariate level
performed with logistic regression analysis, SS was
associated with female gender, with combination ther-
apy (at least any two antidepressive agents) including

particularly SSRI + mirtazapine and the combination of
SSRI + SNRI, and with daily equivalent dose.

The associations with use of SSRI + SNRI (OR
17.26, 95% CI 1.86–159.69), use of any combination
therapy (OR 1.937, 95% CI 1.041–3.605), and daily
equivalent dose (OR 1.025, 95% CI 1.005–1.046)
remained significant after adjusting for age and sex
(Table 3).

DISCUSSION
This cross-sectional and case–control study demon-
strated that antidepressant-related SS in older adults
was closely associated with SSRI + SNRI, daily
equivalent-dose antidepressant use, and combina-
tion therapy, regardless of age or gender. Addition-
ally, more than half of the patients with SS were
moderately severe, older, and had a higher mean
drug count than patients with mild SS.

Table 2 Bivariate relationships between serotonin syndrome and
variables of the patients

Variables OR (95% CI) P-value

Age (years) 1.020 (0.982–1.061) 0.304
Sex (female) 2.13 (1.09–4.17) 0.027*
CCI 1.182 (0.976–1.431) 0.087
Number of drugs 1.041 (0.920–1.176) 0.526
Any combination therapy 2.17 (1.19–3.98) 0.011*
SSRI 1.207 (0.307–4.74) 0.788
SSRI + SNRI 18.10 (2.03–161.12) 0.009*
SSRI + trazodone 1.207 (0.581–2.508) 0.614
SSRI + mirtazapine 4.82 (1.022–22.79) 0.047*
Trazodone + mirtazapine 2.41 (0.38–15.38) 0.347
Equivalent dose† (mg/d) 1.030 (1.010–1.050) 0.003*

* P < 0.05. † Dose equivalency of antidepressive agents was calculated
according to fluoxetine per day. The reference category is older adults with-
out serotonin syndrome (controls). OR, odds ratio; CI, confidence interval;
CCI; Charlson comorbidity index; SSRI, selective serotonin reuptake inhibi-
tor; SNRI, serotonin-noradrenaline reuptake inhibitor.

Table 3 Age and gender-adjusted logistic regression analysis to
evaluate the association between serotonin syndrome and the clin-
ical parameters

OR (95% CI) P-value

Any combination therapy 1.937 (1.041–3.605) 0.037*
SSRI + SNRI 17.26 (1.86–159.69) 0.012*
SSRI + mirtazapine 3.75 (0.77–18.15) 0.100
Equivalent dose† (mg/d) 1.025 (1.005–1.046) 0.014*

* P < 0.05. † Dose equivalency of antidepressive agents was calculated
according to fluoxetine per day. The reference category is older adults with-
out serotonin syndrome (controls). The model is adjusted for age (years) and
gender (male and female). OR, odds ratio; CI, confidence interval; SSRI,
selective serotonin reuptake inhibitor; SNRI, serotonin-noradrenaline reup-
take inhibitor.

Serotonin syndrome in older patients
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The prevalence of SS is not precisely known
because it varies over a wide range depending on
which diagnostic criteria are used for assessment,
the setting, and the medication group.18–20 The prev-
alence was 25% in the present study. Generally
speaking, it is not uncommonly reported in older
adults.21 The reason for the higher prevalence in the
elderly may be drug–drug interaction due to multi-
drug use, drug-disease interaction due to multiple
diseases at the same time, or pharmacokinetics in
this risky population. Besides, it is known that the
addition of a second serotonergic agent increases
the risk.9 Accordingly, we found that SS was associ-
ated with the simultaneous administration of SSRIs
and mirtazapine, and of SSRIs and SNRIs. However,
after adjusting for age and sex, only the combined
use of SSRIs and SNRIs remained relevant for
SS. The additive effect of combined serotonin reup-
take inhibition, rather than activation of 5-HT1A
receptors by mirtazapine with SSRI use, appears to
be more notable for the development of SS. This
may be due to the monoamine summation effect22 of
concomitant use of SNRIs and SSRIs, or the sedation
or H1-antihistamine effect due to mirtazapine’s high
affinity for H1-histaminic receptors. However, this
point needs to be explored in another study.

The most common finding of SS was neuromus-
cular hyperactivity, including hyperreflexia, clonus,
and tremor, which could easily be overlooked if not
examined in a patient receiving antidepressant
medication.

Also, even when detected, this neuromuscular
hyperreactivity may be attributed to other causes
such as thyroid storm, essential tremor, or post-
stroke sequelae in older adults. Awareness of the
syndrome would lead to an increase in patients diag-
nosed with mild SS. On the other hand, some
authors report that for patients with mild SS it may
be considered that when the beneficial effect of the
agent outweighs the side effects of serotonergic
administration, this should be the focus of decision-
making. In our study, one third of the patients with
SS were mild and the rest were moderate, but antide-
pressants were discontinued in all SS patients,
regardless of severity. In our clinical practice we dis-
continue serotonergic medication for all patients with
SS because (i) the exact transition point between tol-
erable side effects of serotonergic administration and
a toxic SS requiring withdrawal of medication is not

known; and (ii) continuing the medication with close
observation is not feasible in older patients in
real life.

Overall prognosis in our patients was favourable,
and we did not observe any severe complications
such as rhabdomyolysis, liver damage, or seizure.
None of our patients had severe SS, probably
because severe cases may have presented to the
emergency services rather than the outpatient clinic.

Previous studies of SS in older adults were either
based on case reports or clinical studies conducted
in the general population, or included all SS related
to the causative agent.23,24 Therefore, this study eval-
uating antidepressant-induced SS in older adults is
unique as far as we are concerned. In this study, no
patients received TCA and monoamine oxidase inhib-
itors, but all patients received predominantly SSRIs
and other classes of antidepressants, including
SSRIs combined with trazodone. Furthermore, when
we compared the doses of antidepressants with
respect to the daily dose of fluoxetine, we found that
the equivalent daily dose of fluoxetine was associ-
ated with SS, and the SS was 1.09 times higher for
each unit increase in the corresponding antidepres-
sant dose. While it is not surprising that high doses
of antidepressants are associated with SS, our
results should alert healthcare professionals to the
fact that the higher the dose of antidepressants, the
higher the risk of SS in the elderly. On the other hand,
it should be kept in mind that fatal SS may develop
even with one or two serotonergic drugs at therapeu-
tic doses.24,25

There is no consensus on the use of cyprohepta-
dine in the management of SS. In a recent systematic
review, cyproheptadine use was reported to be 16%
among 56 SS patients with a mean age of 42.24 In
contrast, in another previous study, 23% of
288 patients (mean age 49.7) were treated with
cyproheptadine and reported no benefit for worse
outcomes of SS in patient populations, concluding
that the use of cyproheptadine is questionable.26

Accordingly, in this study, 37% of patients with SS
received cyproheptadine more frequently than in pre-
vious reports, and this might be the reason why none
of our patients progressed severely. Consequently,
the use of cyproheptadine in SS needs to be further
evaluated in randomized controlled trials.

The study has several strengths. To begin with,
this is the first study to the best of our knowledge on

N. Erken et al.
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SS exclusively associated with exposure to antide-
pressant drugs in older adults. In addition, excluding
confounding agents and using established diagnostic
criteria allowed us to more accurately search for
associations. Furthermore, we had a control group in
the study who used antidepressants and did not
meet the diagnostic criteria for SS. Accordingly, com-
orbidities and the number of drugs that may play an
important role in the development of vulnerability with
age in the SS patients could be evaluated. On the
other hand, the study also had several limitations to
consider. Specifically, the retrospective design and
the small number of patients receiving certain classes
of antidepressants did not allow for a comparison
between subgroups. Nevertheless, we tried to make
a comparable dose equivalence between them.
Therefore, larger, prospective follow-up studies are
needed to clarify the details of the relationship in the
elderly.

CONCLUSION
The widespread single or combined use of antide-
pressants in older adults represents an increased
clinical concern for SS. Therefore, physicians should
be aware of this drug-related complication in older
patients receiving serotonergic agents, especially
antidepressants. Moreover, SS should be considered
in older patients showing tremor and hyperreflexia,
especially in females, those using any combination
therapy and particularly SSRI with SNRI, and those
using higher doses of antidepressant. Thus, early
detection of this potentially life-threatening and easily
recognizable complication can prevent these vulnera-
ble patients from unnecessary interventions, poly-
pharmacy, prescribing cascade, or even morbidity
and mortality.
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