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Abstract

Original Article

inTroducTion

Functional seizures (FS) or psychogenic nonepileptic 
seizures (PNES) are paroxysmal and self-limited events 
that superficially look like epileptic seizures, without ictal 
epileptiform discharges in electroencephalography.[1] These 
seizures are relatively common occurrences in epilepsy centers.[1] 
FS are often associated with psychiatric comorbidities.[2] A few 
studies have also investigated medical (somatic) comorbidities 
in this patient population.[3-8] Psychiatric and somatic 
comorbidities are also common in people with epilepsy.[9] 
However, epilepsy is not a single entity; various brain disorders 
may cause epileptic seizures.

The exact nature of the relationship between nonneurological 
medical (somatic) illnesses and brain (neuropsychiatric) 
disorders, including epilepsy or FS, is not clear. However, 

hypothetically, they could have a complex relationship. 
Medical (somatic) illnesses may contribute to the 
risk of developing brain disorders through biological 
mechanisms. For example, some noncentral nervous system 
disorders may affect the brain through immune-mediated 
mechanisms.[10] Therefore, it could be helpful to investigate 
medical comorbidities in patients with brain disorders, 
particularly in those with an unknown or unclear etiology (e.g., 
FS). In case of discovery of any striking medical comorbidity, 
new horizons may be opened into the clarification of the 
underpinnings and pathophysiology of such disorders, at 
least in some patients. On the other hand, being diagnosed 
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with a medical illness could be a stressor for many people. 
In individuals with high biological susceptibility to 
stress-related pathology, even mildly stressful experiences 
may precipitate FS.[8]

In the current study, we investigated the known medical (somatic) 
comorbidities in patients with FS and also those with 
epilepsy (idiopathic [genetic] generalized epilepsies [IGEs] 
or temporal lobe epilepsy [TLE]). We hypothesized that these 
patients commonly have significant medical comorbidities, 
but the nature of medical comorbidities differs between these 
three groups of patients. This might be helpful to postulate on 
the pathophysiology and underpinnings of FS.

maTerials and meThods

Participants
This was a retrospective chart review study. All adult 
patients (18 to 49 years of age at diagnosis) with an 
electroclinical diagnosis of IGE, TLE, or FS were recruited at 
the outpatient epilepsy clinic at Shiraz University of Medical 
Sciences, Shiraz, Iran, from 2008 until 2020. In people with FS, 
interictal EEG was normal and they had a confirmed diagnosis 
of FS by capturing their typical events under the video-EEG 
monitoring. Patients with comorbid seizure types (e.g., FS and 
epilepsy) were excluded.

Data collection
The three groups of patients were matched with regard to their 
age (as a significant factor in having medical comorbidities). 
Age, sex, and known medical comorbidities (self-declared; i.e., 
somatic problems that patients were aware of their presence) 
were registered routinely for all patients at the time of the 
first visit. Presence of medical comorbidities was inquired as 
a part of our structured interview with the patients; however, 
the history was not consolidated with other tests to confirm 
the diagnosis and the assessment did not include the follow-up 
information (comorbidities were reported at the time of 
diagnosis).

Statistical analyses
Values were presented as mean ± standard deviation for 
continuous variables and as number (percent) of subjects 
for categorical variables. Pearson’s Chi-square test, one-way 
analysis of variance, and binary logistic regression test were 
used for statistical analyses. Odds ratios (ORs) and 95% 
confidence intervals (CIs) were estimated. P <0.05 was 
considered statistically significant.

Standard protocol approvals, registrations, and patient 
consents
The Shiraz University of Medical Sciences Institutional 
Review Board  approved  th i s  s tudy  ( IR .SUMS.
REC.1398.757).

Data availability statement
The data are confidential and will not be shared as per the 
regulations of Shiraz University of Medical Sciences.

resulTs

Nine hundred and sixty-six patients were studied (254 patients 
with IGE, 467 persons with TLE, and 245 individuals with 
FS). The mean age (± standard deviation) of the patients was 
29 (± 7) years (28 ± 6 years in IGE, 29 ± 7 years in TLE, and 
29 ± 7 years in FS; P = 0.053). The sex ratio was significantly 
different between the groups (female to male ratio: [152:102] 
in IGE, [223:244] in TLE, and [158:87] in FS; P = 0.0001, 
degree of freedom = 2]).

Table 1 shows the medical comorbidities in these three 
groups of patients. In total, 191 patients (19.8%) reported 
having any medical comorbidities. After an initial 
screening of the data and for the statistical purposes, we 
categorized the medical comorbidities into five groups: 
1. cardiovascular (n = 65 patients): any heart problems, 
hypertension, lipid disorders, diabetes mellitus; 2. 
gastrointestinal (n = 15 patients): any gastric, hepatic, or 
intestinal disorders; 3. thyroid (n = 31 patients): hypo- or 
hyperthyroidism; 4. immunological (n = 27 patients): 
rheumatological or asthma; and 5. other (n = 53 patients). 
In case of multiple comorbidities, we arbitrarily adopted the 
following strategy to include each patient in one category 
only: immunological diseases had priority over others (one 
patient had both asthma and hypertension); thyroid disorders 
had priority over others (five patients had both thyroid and 
cardiovascular problems).

The groups (IGE vs. TLE vs. FS) differed significantly with 
regard to having medical comorbidities [Table 1]; patients with 
FS more frequently reported having medical comorbidities 
than others. The most striking difference was comorbid thyroid 
disorders; this was more common among patients with FS.

Since the sex ratio was significantly different between the 
groups (more women with FS) and also because thyroid 
disorders are generally more common among women in Iran 
and other places in the world,[11,12] we included these two 
variables (i.e., diagnosis and sex, as covariates) in regression 
analysis model to clarify the role of each variable in association 

Table 1: Medical comorbidities in three groups of patients

IGE 
(n=254), 

n (%)

TLE 
(n=467), 

n (%)

FS 
(n=245), 

n (%)

P

Cardiovascular 24 (9.4) 29 (6.2) 12 (4.9) 0.105
Gastrointestinal 4 (1.6) 10 (2.1) 1 (0.4) 0.206
Thyroid 6 (2.4) 9 (1.9) 16 (6.5) <0.00001
Immunological 8 (3.2) 11 (2.4) 8 (3.3) 0.722
Other 15 (5.9) 17 (3.6) 21 (8.6) 0.021
Total 57 (22.4) 76 (16.3) 58 (23.7) 0.029
Cardiovascular=Any heart problems, hypertension, lipid 
disorders, diabetes mellitus, Gastrointestinal=Any gastric, hepatic, 
or intestinal disorders, Thyroid=Hypo - or hyperthyroidism, 
Immunological=Rheumatological, asthma, Degree of freedom=2 for all 
comparisons. IGE=Idiopathic generalized epilepsies, TLE=Temporal lobe 
epilepsy, FS=Functional seizures
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with thyroid disorders (the dependent variable). The results 
of the binary logistic regression analysis showed a significant 
model (P = 0.0001), able to predict 96.8% of the patients with 
thyroid disorders (as a comorbidity). Sex was significantly 
associated with thyroid disorder comorbidity (OR: 5.11, 
95% CI: 1.76–14.83; P = 0.003). However, the diagnosis 
of FS was also independently significantly associated 
with thyroid disorder comorbidity (OR: 2.77, 95% CI: 
1.06–7.23; P = 0.038).

It is noteworthy to mention that the three groups were different 
with regard to their current medications (e.g., ethosuximide 
is never prescribed for focal epilepsies and phenytoin is not 
an ideal drug in IGEs; patients with FS should not receive 
any anti-seizure medications [but, about 60% of them do]). 
However, we did not collect such data to be objective.

discussion

“Functional seizures” is a worldwide common phenomenon.[1] 
While there is an increasing evidence of abnormal brain function 
and connectivity in patients with FS, the neurobiological 
underpinnings of this common neuropsychiatric condition 
remain largely unclear yet.[13,14] In the current study, we observed 
that thyroid disorders are significantly associated with FS (odds 
ratio of 2.77 compared with that in people with epilepsy). 
Whereas we cannot establish a cause-and-effect relationship 
between thyroid disorders and FS based on the current study, 
this is an important observation for the following reasons.

Thyroid hormones have been implicated in multiple processes 
related to brain formation and development in mammals (e.g., 
neuronal progenitor proliferation, neuronal migration, and 
functional maturation).[15] The main mechanism of thyroid 
hormone action is modulation of the gene expression in 
target cells through the binding of T3 to specific nuclear 
thyroid hormone receptors.[16] Thyroid hormone receptor 
mutations have been linked to a range of behavioral and 
cognitive dysfunctions, including changes in sensory, 
attention, emotion, and memory functions.[15] Furthermore, a 
recent study identified the expression of thyroid-stimulating 
hormone receptors and thyroglobulin in the limbic regions 
of the adult human brain.[17] Limbic regions are normally 
involved in cognitive processes and emotional responses and 
dysfunction of the limbic regions is implicated in FS.[14] The 
amygdala shows high levels of thyroid hormone receptors; it 
is likely to be an important target region for thyroid hormone 
action.[16] Interestingly, hypothyroidism that is the most 
common hormonal disease in adults (as we also observed in 
the current study) is frequently accompanied by emotional 
disorders.[16] Hypothyroidism-induced inability to properly 
extinguish fear memories and the strong recall of these 
memories could increase the risk of pathological responses to 
traumatic experiences and resistance to their treatment.[16] For 
example, in patients with posttraumatic stress disorder (PTSD), 
abnormal thyroid hormone levels have been reported.[16] 
Finally, alterations in functional connectivity of resting state 

brain networks (a common observation in patients with FS[14]) 
have been associated with subclinical hypothyroidism in one 
study.[18] Our observation that thyroid disorders are strongly 
associated with FS as comorbidities corroborates that above 
observations and discussions very well.

conclusion

While our study has some limitations (e.g., the self-declared 
nature of the inquiry of medical comorbidities that may 
underestimate the true frequencies of these problems and also 
the retrospective design that may cause recall bias), we can 
conclude that thyroid disorders are significantly associated 
with FS. Based on this significant observation, we can make 
the following suggestions to advance the field:
a. It is necessary to reproduce this observation in larger 

multicenter studies
b. We recommend to evaluate thyroid function in all patients 

with FS
c. It might be helpful to design clinical trials to investigate 

whether correction of any clinical or subclinical thyroid 
disorders changes the treatment outcome in patients with 
FS.
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