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Abstract 

Background  Vagus nerve stimulation (VNS) has been widely used in the clinical treatment of epilepsy, while its 
effects on comorbidities in epilepsy remain incompletely elucidated. This study aimed to evaluate the impact of VNS 
on comorbidities and quality of life in adult patients with epilepsy.

Methods  A longitudinal, multicenter cohort study was conducted from 2021 to 2024 among adult patients with epi-
lepsy who underwent VNS implantation. We enrolled 128 participants from 83 hospitals. The inclusion criteria were 
patients over 18 years old, diagnosed with epilepsy according to the 2014 International League Against Epilepsy 
guidelines, and having complete data from at least two follow-up visits. Standard assessment tools, including diag-
nosis according to International Classification of Diseases, 10th Edition (ICD-10), Neurological Disorders Depres-
sion Inventory for Epilepsy (NDDI-E), Generalized Anxiexy Disorde-7 (GAD-7), Pittsburgh Sleep Quality Index (PSQI), 
and Quality of Life in Epilepsy-31 (QOLIE-31) were used to evaluate comorbidities and quality of life. Statistical analysis 
was performed using SPSS 26.0. The major clinical measurements were changes in the scales above before and 
after VNS implantation during follow-up. Generalized estimation model was applied to illustrate the effect over time 
an its relation to seizure control.

Results  A total of 113 participants met the inclusion criteria. Baseline characteristics were comparable 
between the comorbidity and non-comorbidity groups in terms of gender, seizure onset, age at VNS implanta-
tion, seizure types, or the number of antiseizure medications used. Significant improvements were observed 
from the implantation to the end of follow-up. The PSQI score decreased from 5.43 ± 3.60 to 4.44 ± 3.14 (P < 0.01), 
indicating better sleep quality. Depressive symptoms (NDDI-E) and anxiety symptoms (GAD-7) decreased significantly, 
with scores dropping from 6.49 ± 4.67 to 4.83 ± 4.37 (P < 0.01) and from 7.15 ± 5.06 to 4.95 ± 3.69 (P < 0.01), respec-
tively. The QOLIE-31 score increased from 54.40 ± 15.70 to 61.33 ± 16.19 (P < 0.01), suggesting improved quality of life. 
Further analysis indicated that in the early second postoperative follow-up (1 month after implantation), the scales 
had already improved significantly (P < 0.001 for PSQI and QOLIE-31, P = 0.006 for NDDI-E and GAD-7). We did not find 
any statistically significant difference between patients with comorbidity and those without on the efficacy of any 
scales in this study. The efficacy of VNS on the four scales above was related to follow-up time, with a slightly rebound 
at the last two follow-ups. The NDDI-E as well as the GAD-7 scores were related to better seizure control accord-
ing to the GEE model. Higher stimulation currents over 1 mA did not improve the efficacy of VNS on the comorbid 
conditions.
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Conclusions  VNS implantation significantly improved sleep quality, mental health, and overall quality of life in adult 
patients with epilepsy. Such effects could be observed shortly after the implantation and were mostly long-lasting. 
Further research is needed to validate its long-term effects.

Keyword  VNS, Epilepsy, Comorbid Conditions

Background
Since the U.S. Food and Drug Administration (FDA) first 
approved vagus nerve stimulation (VNS) for the treat-
ment of drug-resistant epilepsy in 1997, this technology 
has undergone significant advancements, continuously 
improving in efficacy, safety, and accessibility [1]. As a neu-
romodulation therapy, VNS exerts its antiepileptic effects 
by delivering intermittent electrical stimulation to the 
vagus nerve, influencing the cerebral cortex, limbic sys-
tem, and thalamic reticular formation, and regulating neu-
ronal excitability [2]. The development of VNS has brought 
new hope to patients with refractory epilepsy, particularly 
those who are not candidates for surgical resection or 
have failed multiple antiseizure medications (ASMs) [3]. 
Initially, VNS was primarily indicated for focal epilepsy, 
but recent studies have shown that it also has therapeu-
tic potential in generalized epilepsies and epilepsy syn-
dromes, such as Lennox-Gastaut syndrome (LGS) [4, 5]. 
Moreover, its approved use has been extended to pediatric 
patients aged four years and older [1, 6]. The introduction 
of adaptive VNS (aVNS) has enabled devices to automati-
cally adjust stimulation parameters based on the patient’s 
seizure activity, further enhancing treatment efficacy while 
minimizing adverse effects [7, 8].

Beyond seizure control, VNS has garnered increasing 
attention for its role in managing epilepsy-related comor-
bidities. Research has suggested that many people with epi-
lepsy (PWE) frequently suffer from mood disorders (e.g., 
depression, anxiety), cognitive impairment, sleep distur-
bances, and chronic headaches [9, 10]. These comorbidities 
not only exacerbate disease burden but could also influence 
seizure frequency, creating a vicious cycle that significantly 
reduces quality of life (QoL) [11]. In recent years, VNS has 
been increasingly recognized for its potential benefits in 
alleviating epilepsy-related comorbidities [12, 13]. Studies 
have indicated that VNS can modulate key brain regions 
such as the lateral orbitofrontal cortex (OFC), anterior cin-
gulate cortex (ACC), amygdala, and hypothalamus, thereby 
influencing emotion regulation, cognitive processing, and 
sleep stability [14–16]. Some clinical reports have sug-
gested that VNS therapy can reduce depressive and anxiety 
symptoms in PWE, potentially enhance cognitive functions 
(particularly in attention, executive function, and memory), 
and improve sleep architecture, including shortening sleep 
latency and increasing slow-wave sleep [17–21]. More 
importantly, these improvements in comorbidities may 

occur independently of seizure frequency reduction, sug-
gesting that VNS exerts its effects through additional neu-
romodulatory mechanisms [17, 22].

However, due to the relatively small sample sizes in 
existing studies and the lack of standardized and well-
defined criteria for comorbidity assessment, direct evi-
dence supporting the effects of VNS on epilepsy-related 
comorbidities remains limited. Larger-scale, more stand-
ardized studies are needed to further validate its thera-
peutic benefits. This study presents a longitudinal cohort 
study conducted among adult epilepsy patients in China, 
systematically investigating the dynamic changes in 
comorbidities and quality of life following VNS implan-
tation. Through a multicenter collaboration, we enrolled 
a large-scale patient cohort and employed standard-
ized assessment tools, including NDDI-E (Neurological 
Disorders Depression Inventory for Epilepsy), GAD-7 
(Generalized Anxiexy Disorde-7), QOLIE-31 (Quality of 
Life in Epilepsy-31), and PSQI (Pittsburgh Sleep Quality 
Index), to comprehensively evaluate comorbid condi-
tions and quality of life. By providing new evidence for 
the comprehensive efficacy of VNS in epilepsy treatment, 
this study aims to offer valuable insights for optimizing 
future therapeutic strategies.

Methods
Inclusion and exclusion criteria
The inclusion criteria were as follows:

1.	 Patients aged over 18 at time for VNS implantation.
2.	 Diagnosed with epilepsy according to definition of 

epilepsy revised by International League Against Epi-
lepsy in 2014.

3.	 Underwent VNS implantation, from 2021 to 2024.
4.	 Having complete data for at least two follow-ups 

after implantation.

The exclusion criteria included patients who were una-
ble to answer required questions during follow-up for 
any reason, those missing two consecutive follow-ups, 
and patients who experienced serious adverse events 
after implantation.

Outcome measures
Initial clinical evaluations included gender, age at onset, 
seizure type according to ILAE 2017 classification, 
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baseline seizure frequency, age at implantation and 
comorbid conditions. For specific scales, NDDI-E, GAD-
7, QOLIE-31, and PSQI were also evaluated. The comor-
bid conditions were evaluated by face-to-face interview 
and were further confirmed by investigations into medi-
cal records. Mental or neurological comorbidities were 
defined according to ICD-10 codes ( where the diag-
nosis could be classified into ICD Chapter V and  VI, 
including F00–F99 and G00–G99. See details at https://​
icd.​who.​int/​brows​e10/​2019/​en). The follow-up time-
points were designed as follows:  1 week (first follow-
up), 1 month (second), 3 months, 6 months, 9 months, 
12 months and 15 months after implantation. Changes 
in seizure frequency was not the focus of this study and 
will be described in detail in other publications. We sim-
ply used the 50% responder, defined as participants who 
experienced a reduction of over 50% in seizure compared 
to baseline, to test the interaction of seizure and comor-
bidity control. For the settings of VNS stimulation, we 
selected current as the factor that potentially interacts 
with comorbidities. In this study, we set current ≥ 1 mA 
as the high parameter and < 1 mA as the  low parameter 
for VNS stimulation. The major clinical outcome is the 
change in scores on NDDI-E, GAD-7, QOLIE-31, and 
PSQI from baseline to the last follow-up. The last follow-
up was defined as the latest follow-up the patient had fin-
ished, excluding those who only had the first follow-up, 
since most VNS devices were not turned on at that time. 
Other clinical outcomes include the change in all comor-
bidities  and mental or neurological comorbidities. Also, 
to investigate how early the effects of VNS on these scales 
could be observed we performed a  comparison from 
baseline to the second follow-up.

Quality control
To ensure the quality of data on NDDI-E, GAD-7, 
QOLIE-31, and PSQI from different centers, all sites 
received standardized training prior to data collection. 
The original data were evaluated by Deng Chen and Lina 
Zhu for initial quality control. Missing data were further 
verified by contacting the corresponding epilepsy center. 
Also, the settings for VNS stimulation were evaluated 
manually to avoid obvious deviations from the standard 
protocol in VNS treatment. For ethical considerations, 
the adjustment of antiseizure medicines (ASMs) was not 
restricted. Any changes in ASMs were evaluated accord-
ing to the guidelines of the ILAE.

Statistical analysis
For statistical analysis, the dichotomous variables were 
analyzed using the Chi-square test or Fisher’s exact test 
if the number of any event was less than 4. To illustrate 
the dynamic change before and after implantation, we 

used McNemar’s test. For continuous variables, we first 
performed Kolmogorov–Smirnov test for normal dis-
tribution. For data with normal distribution, we per-
formed the  Student’s t-test or paired t-test. For data 
that did not follow a normal distribution, we performed 
Mann–Whitney U tests. Multivariable analysis and 
interaction analysis were performed by using the  gen-
eralized estimation equation (GEE) method.

Results
Recruitment and baseline characteristics
From 2021 to 2023, a total of 128 participants aged 
over 18 from 83 hospitals underwent VNS implemen-
tation. Among them, 4 dropped out during follow-up 
after implementation, 11 did not have consecutive com-
plete data and thus were excluded from further analysis. 
Finally, 113 PWE were enrolled in the analysis. (Fig.  1.) 
Among them, female patients accounted for 39.82%, 
while male patients accounted for 60.18%. The average 
age of onset was 14.31 ± 11.39 years, and the average age 
at VNS implantation was 28.28 ± 11.25 years. In terms 
of epilepsy types, focal seizures were the most common 
(53.98%), followed by generalized seizures (39.82%). 
Additionally, 53.98% of patients had comorbidities at the 
time of VNS implantation, with neurological comorbidi-
ties being the most prevalent (41.59%). The baseline char-
acteristics are shown in Table 1.

Comparison between baseline and the last follow‑up
To evaluate the general effect of VNS in real-world data, 
we compared the last follow-up to baseline. We revealed 
significant improvements in patients’ sleep quality, men-
tal health, and overall quality of life. The PSQI score 
decreased from 5.43 ± 3.60 to 4.44 ± 3.14 (P < 0.001), 
indicating better sleep quality, while depressive symp-
toms (NDDI-E) and anxiety symptoms (GAD-7) also 
showed marked reductions, with scores dropping from 
6.49 ± 4.67 to 4.83 ± 4.37 (P < 0.001) and from 7.15 ± 5.06 
to 4.95 ± 3.69 (P < 0.001), respectively. Additionally, the 
QOLIE-31 score increased from 54.40 ± 15.70 to 61.33 
± 16.19 (P < 0.001), suggesting an enhanced quality of life. 
The VNS stimulation parameters and other details are 
presented in Table 2.

Comparison between baseline and the second follow‑up
To illustrate whether the VNS could swiftly influence the 
comorbidities, we compared baseline data to the second 
postoperative follow-up (after activation, at 1 month after 
surgery). The result also demonstrated notable improve-
ment in patients’sleep quality, emotional well-being, and 
overall life satisfaction. The PSQI score showed a reduc-
tion from 5.43 ± 3.60 to 4.95 ± 3.36, indicating improved 
sleep. Similarly, depressive symptoms (NDDI-E: 6.49 

https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
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± 4.67 to 5.79 ± 4.25) and anxiety levels (GAD-7: 7.15 
± 5.06 to 6.28 ± 4.26) decreased, while quality of life, 
as measured by the QOLIE-31 score, rose from 54.40 
± 15.70 to 57.47 ± 15.43. These changes were statistically 
significant (PSQI and QOLIE-31 with P < 0.001, NDDI-
E and GAD-7with P = 0.006), highlighting the positive 
effect of VNS in the very early period after implantation. 
These findings are summarized in Table 3.

Subgroup comparison in patients with and without 
comorbidity at baseline
We compared patients with and without comorbidities. 
In the baseline characteristics, no significant differences 
in gender distribution (P = 0.51), age at seizure onset (P = 
0.08), age at VNS implantation (P = 0.26), seizure types 
(P = 0.73), number of ASMs used (P = 0.74), or base-
line seizure frequency (P = 0.87) were found between 
two groups, suggesting high comparability. For clinical 

outcome, the changes in PSQI, NDDI-E, GAD-7 and 
QOLIE-31 from baseline to the last follow up did not dif-
fer in two groups. Detailed information is also summa-
rized in Table 1 and Table 4.

General estimation equation for testing effect of follow‑up 
time and seizure control on comorbidities
To demonstrate whether the effects of VNS on comor-
bidities changes according to time (visit number in this 
study) and whether they were related to seizure con-
trol or higher setting of VNS stimulation (which was 
designed in Method as the current), we applied gen-
eralized estimation equation (Table  5). In the tests for 
interactions, the model for GAD-7 revealed interaction 
between visit number and 50% responder. Thus, we dis-
tinguished the comparison for GAD-7 into two models, 
where the first model included visit number and cur-
rent, while the second model included 50% responder 

Fig. 1  Research flowchart
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and current. No other interactions were found, so for 
PSQI, NDDI-E or QOLIE-31, the whole model was 
applied.

In the models, the overall P values for visit number 
were significant for all scales as PSQI (P = 0.021), NDDI-
E ( P = 0.002), GAD-7 ( P = 0.010) and QOLIE-31  (P < 
0.001), with all the scales improved over time but slight 
trend of rebounds in the senventh follow-up for PSQI. In 
terms of 50% responder, its effect on NDDI-E (P = 0.049) 
and GAD-7 (P = 0.010) were significant. No statistically 
significant were detected for current on any scales.

Discussion
This is a longitudinal real-world study investigating the 
effects of VNS implantation on comorbid condition and 
quality of life in adult patients with epilepsy. We also 
evaluated the efficacy of VNS on comorbidity and its 
dynamic change over follow-up by GEE model.

We found that after VNS implantation, patients expe-
rienced significant improvements in scales on sleep qual-
ity, emotional health, anxiety, and depression symptoms, 
indicating that VNS has a unique therapeutic effect in 
alleviating epilepsy-related mental comorbidities. More 
importantly, these effects could be observed in very early 
follow-up after implantation and were long-lasting to the 
end of follow-up. Also, there was no interactions between 
follow-up time and seizure control in GEE model.

For specific comorbidities, the improvement in 
sleep quality was notable. The study found that after 
VNS implantation, patients’  PSQI scores significantly 
decreased by 20% at the end of follow-up, indicating a 
marked improvement in sleep quality. Sleep disorders are 

common comorbidities in epilepsy patients, who often 
experience difficulties with  falling asleep, maintaining 
sleep, and disrupted sleep structure. These issues not only 
affect patients’  daily lives but may also worsen the fre-
quency and severity of seizures, creating a vicious cycle 
[23, 24]. VNS may play a significant role in alleviating 
sleep disorders in epilepsy patients by modulating neu-
ral activity in brain areas such as the cerebral cortex and 
limbic system [22]. The cerebral cortex is closely related 
to sleep regulation, while the limbic system involves emo-
tions, memory, and emotional responses. VNS may also 
improve sleep structure, increase deep sleep (slow-wave 
sleep) proportion, shorten sleep onset time, and reduce 
nighttime awakenings, thus enhancing sleep quality [21, 
25]. Furthermore, research shows that VNS can help 
restore the normal levels of neurotransmitters (such as 
norepinephrine and GABA), further promoting sleep 
stability and quality [26, 27]. Improved sleep quality also 
helps control seizures in the long term, which is another 
advantage of VNS according to our data.

Secondly, the improvement in emotional health by VNS 
is one of its great values in epilepsy treatment. Existing 
studies have confirmed the short-term benefits of VNS 
for emotional health, but our data provid evidence for 
its long-term effects. Emotional disorders, particularly 
depression and anxiety, are common comorbidities in 
epilepsy patients and can  severely affect their quality of 
life and social functioning. The  NDDI-E is a tool spe-
cifically used to assess depression symptoms in epilepsy 
patients. The study found that after VNS treatment, 
patients’ NDDI-E scores significantly decreased, indicat-
ing relief from depression symptoms. This improvement 

Table 1  Baseline characteristics of included participants

Total N = 113 With Comorbidity N = 61 Without comorbidity N = 52 P value

n/Avg StdDev % n/Avg StdDev % n/Avg StdDev %

Female 45 39.82% 26 42.62% 19 36.54% 0.51

Age at onset 14.31 11.39 13.20 11.63 15.62 11.08 0.08

Age at implantation 28.28 11.25 27.40 10.95 29.31 11.61 0.26

Number of ASM 2.34 1.24 2.41 1.28 2.25 1.19 0.74

Focal onset 61 53.98% 32 52.46% 29 55.77% 0.73

Generalized onset 45 39.82% 24 39.34% 21 40.38% 0.91

Unknown onset 8 7.08% 6 9.84% 2 3.85% 0.28

With both focal and generalized onset 1 0.88% 1 1.64% 0 0.00% -

FBTCS 45 39.82% 26 42.62% 19 36.54% 0.51

Baseline seizure frequency 10.90 31.06 12.37 39.03 9.18 17.93 0.87

PWE with comorbidities at implantation 61 53.98%

Mental comorbidities 26 23.01%

Neurological comorbidities 47 41.59%

Other comorbid conditions 2 1.77%
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may be related to the modulation of the limbic system 
by VNS, particularly its effects on key emotional regula-
tion areas such as the amygdala, hippocampus, and pre-
frontal cortex [28]. The GAD-7 is used to assess anxiety 

symptoms. The study showed that after VNS treatment, 
patients’  GAD-7 scores significantly decreased, indicat-
ing relief from anxiety symptoms. The improvement in 
anxiety symptoms may be related to VNS’s modulation of 
the hypothalamic–pituitary–adrenal (HPA) axis, reduc-
ing the release of stress hormones (such as cortisol) and 
thus alleviating anxiety [29, 30]. Additionally, VNS may 
enhance GABAergic neurotransmission, inhibiting the 
activity of overexcited neurons, thereby reducing anxiety 
[31].

The significant improvement in the  overall quality of 
life of patients after VNS treatment is another key find-
ing of this study. The substantial increase in QOLIE-
31 scores reflects comprehensive improvements in 

Table 2  Comparison between baseline and the last follow-up

Baseline Last follow-up P RD

PSQI 5.43 ± 3.60 4.44 ± 3.14  < 0.001 0.46–1.52

NDDI-E 6.49 ± 4.67 4.83 ± 4.37  < 0.001 1.03–2.28

GAD-7 7.15 ± 5.06 4.95 ± 3.69  < 0.001 1.41–3.00

QOLIE-31 54.40 ± 15.70 61.33 ± 16.19  < 0.001 -9.18−-4.67

No. of PWE with comorbidity 61 61

No. of new PWE with comorbidity 8

No. of resolve PWE with comorbidity 8 1.00

Neurological & Phychological (N&P) comorbidity 59 60

New onset N& P comorbidity 8

New resolved N& P comorbidity 7 1.00

50% Respond rate for seizure 46.02%

Current (mA) 1.49 ± 0.55

Frequency (Hz) 30 (30, 30)

Pulse width (ms) 500 (250/500, 500)

On time (s) 30 (30,30)

Off time (min) 5 (5,5)

Table 3  Comparison between baseline and the second follow-up (1 month after implantation)

Baseline Second follow-up P RD

PSQI 5.43 ± 3.60 4.95 ± 3.36  < 0.001 0.11–0.89

NDDI-E 6.49 ± 4.67 5.79 ± 4.25 0.006 0.20–1.20

GAD-7 7.15 ± 5.06 6.28 ± 4.26 0.006 0.25–1.48

QOLIE-31 54.40 ± 15.70 57.47 ± 15.43  < 0.001 -4.70−-1.43

No. of PWE with comorbidity 61 63

No. of new PWE with comorbidity 7

No. of resolve PWE with comorbidity 5 1.00

Neurological & Phychological (N&P) comorbidity 59 61

New onset N& P comorbidity 6

New resolved N& P comorbidity 4 1.00

50% Respond rate for seizure 19.47%

Table 4  Subgroup comparison between groups with and 
without comorbidities

With comorbidity 
(N = 61)

Without comorbidity 
(N = 52)

P

ΔPSQI 1.34 ± 2.71 0.58 ± 2.93 0.151

ΔNDDI-E 1.92 ± 3.48 1.35 ± 3.24 0.371

ΔGAD-7 2.30 ± 5.05 2.10 ± 3.13 0.806

ΔQOLIE-31 5.75 ± 13.05 8.29 ± 10.82 0.268
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patients’ quality of life, particularly in terms of emotion, 
cognition, and sleep. The enhancement in quality of life 
is not only related to the reduction in seizure frequency 
but also results from multiple factors. Additionally, the 
overall improvement in quality of life is closely linked to 
patients’  psychological recognition of treatment effects 
and improved treatment adherence. VNS provides a new 
treatment option, especially for those whose seizures 
cannot be controlled by medication. VNS not only helps 
control seizures but also brings benefits in other aspects. 
The positive changes experienced by patients during 
treatment may increase their confidence in treatment 
and adherence, leading to greater satisfaction and happi-
ness, which further promotes the improvement of quality 
of life.

In terms of factors related to the  efficacy of VNS on 
comorbid conditions, seizure control (50% responder) 
for NDDI-E and GAD-7 as well as follow-up times (Visit 
No.) for all the scales were identified in GEE model. 
Further interaction analysis revealed that these two fac-
tors were mostly independent, except in GAD-7. This 
stresses three issues. First, participants with better sei-
zure control after VNS surgery could be accompanied 
by more improvement on depression and anxiety, but 
the improvement in sleep or life quality seems independ-
ent on seizure control. Different studies for VNS have 
not reached an agreement to the role of seizure control 
on comorbidities. In Elger G’s findings [17], the relief of 
depression was independent of seizure control. However, 
there were only 11 participants in that study, and none 
of them were tested using NDDI-E or GAD-7. Our GEE 
model revealed seizure control contributed to NDDI-E 
and GAD-7 improvement. It is established that better sei-
zure control improves mood in clinical practice [32]. As 
for sleep quality and quality of life, we did not find a solid 
correlation with seizure control in our model, and thus 
the improvement in these two scales was due to VNS 
alone. Second, when looking at the long-term effect of 
VNS over time, we observed an overall improvement for 
all scales during follow-up, with a slight trend of rebound 
in absolute improvement mostly at follow-up visits 6 and/
or 7 (Table 5). It is not clear whether this phenomenon 
reflects real trends of wearing off on efficacy or is simply 
since too few participants reached the sixth and seventh 
follow-up. This requires further prolonged observation. 
Third, for the parameter of VNS stimulation, we explored 
the effect of stimulation current. A higher current over 
1 mA was not more effective compared to those lower 
than 1 mA on any of the scales. This is in accordance with 
the previous study [17].

Also, the effect of VNS on comorbidity must not be 
exaggerated, since the scales only reflected the relief of 
certain symptoms, but the treatment of VNS was not 

sufficient to release the patient from diagnosis of comor-
bid conditions, as the cure for comorbidity was only seen 
in 8 patients (Table 2.) and it did not (actually far from) 
reach statistically significant according to McNemar’s 
test.

This study has some limitations. Firstly, the follow-up 
times were not even for each participant, which could 
affect the results. Secondly, too few non-neurological and 
non-mental comorbidities were reported (n = 2), making 
it unable to analysis. Thirdly, the data were collected from 
83 epilepsy centers, which inevitably brought challenge for 
quality control on original data, especially for the evalua-
tion on scales. Fourthly, changing ASMs in this cohort was 
permitted due to ethics concerns, but this could indeed 
bias the results to some degree. Future research should 
optimize the evaluation standards  and follow-up proto-
cols, perform cross-center quality control and unify the 
assessment methods on non-neurological and non-mental 
comorbidities.

Conclusions
In conclusion, this study provides new evidence for the 
comprehensive efficacy of VNS in epilepsy treatment, 
particularly in improving comorbidities and quality of 
life. The results indicate that VNS significantly improves 
patients’ emotional state, sleep quality, and overall qual-
ity of life. These findings provide evidence for optimiz-
ing epilepsy treatment strategies and lay the groundwork 
for further exploring the neural regulatory mechanisms 
of VNS. Future research should continue to focus on the 
long-term efficacy of VNS in different types of epilepsy 
and patient populations to promote its broader applica-
tion in clinical practice.

Abbreviations
ACC​	� Anterior cingulate cortex
ASMs	� Antiseizure medications
FDA	� Food and Drug Administration
GAD-7	� Generalized Anxiexy Disorde-7
GEE	� Generalized estimation equation
LGS	� Lennox-Gastaut syndrome
NDDI-E	� Neurological Disorders Depression Inventory for Epilepsy
OFC	� Orbitofrontal cortex
PSQI	� Pittsburgh Sleep Quality Index
PWE	� Patients with epilepsy
QoL	� Quality of life
QOLIE-31	� Quality of Life in Epilepsy-31
VNS	� Vagus nerve stimulation

Acknowledgements
Not applicable.

Authors’ contributions
Deng Chen: Conceptualization, Data curation, Formal analysis, Writing – 
original draft, Funding acquisition; Lina Zhu: Methodology, Writing – review 
& editing, Software, Funding acquisition; Ling Liu: Data curation, Visualization; 
Dong Zhou: Writing – review & editing, Data curation; Xintong Wu: Writing – 
review & editing, Data curation, Funding acquisition, Project administration. All 
authors reviewed the manuscript.



Page 9 of 9Chen et al. Acta Epileptologica            (2025) 7:33 	

Funding
This work was supported by the National key Research and Development 
Program (2021YFC2401204), National Natural Science Foundation of China 
(82301643), China Postdoctoral Science Foundation (2023M732470), Natural 
Science Foundation of Sichuan Province (2025ZNSFSC1641, 2024NSFSC1577), 
Science and Technology Department of Sichuan Province (No. 2023YFQ0109) 
and the Post-Doctor Research Project, West China Hospital, Sichuan University 
(2023HXBH101).

Data availability
The original data of the current study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of West China 
Hospital, Sichuan University (2022[1847]).

Consent for publication
Not applicable.

Competing interests
Author Dong Zhou is the member of the Editorial Board for Acta Epileptologica, 
who was not involved in the journal’s review of or decisions related to this 
manuscript.

Author details
1 Department of Neurology, West China Hospital, Sichuan University, 
Chengdu 610041, China. 2 Rehabilitation Medicine Center and Insti-
tute of Rehabilitation Medicine, West China Hospital, Sichuan Uni-
versity, Chengdu 610041, China. 3 Key Laboratory of Rehabilitation 
Medicine in Sichuan Province, West China Hospital, Sichuan University, 
Chengdu 610041, China. 

Received: 19 March 2025   Accepted: 24 April 2025

References
	1. 	 Toffa DH, Touma L, El Meskine T, Bouthillier A, Nguyen DK. Learnings from 

30 years of reported efficacy and safety of vagus nerve stimulation (VNS) 
for epilepsy treatment: A critical review. Seizure. 2020;83:104–23.

	2. 	 Wang Y, Zhan G, Cai Z, Jiao B, Zhao Y, Li S, Luo A. Vagus nerve stimulation 
in brain diseases: Therapeutic applications and biological mechanisms. 
Neurosci Biobehav Rev. 2021;127:37–53.

	3. 	 Batson S, Shankar R, Conry J, Boggs J, Radtke R, Mitchell S, et al. Efficacy 
and safety of VNS therapy or continued medication management for 
treatment of adults with drug-resistant epilepsy: systematic review and 
meta-analysis. J Neurol. 2022;269(6):2874–91.

	4. 	 Lyons P, Wheless J, Verner R, Ferreira J, Liow K, Valeriano J, et al. Vagus 
nerve stimulation in Lennox-Gastaut syndrome: Twenty-four-month data 
and experience from the CORE-VNS study. Epilepsia. 2025. https://​doi.​
org/​10.​1111/​epi.​18289.

	5. 	 Kossoff EH, Shields WD. Nonpharmacologic care for patients with 
Lennox-Gastaut syndrome: ketogenic diets and vagus nerve stimulation. 
Epilepsia. 2014;55(Suppl 4):29–33.

	6. 	 Abdelmoity SA, Abdelmoity AA, Riordan SM, Kaufman C, Le Pichon JB, 
Abdelmoity A. The efficacy and tolerability of auto-stimulation-VNS in 
children with Lennox-Gastaut syndrome. Seizure. 2021;86:168–74.

	7. 	 Opie NL, O’Brien TJ. The potential of closed-loop endovascular neuro-
stimulation as a viable therapeutic approach for drug-resistant epilepsy: 
A critical review. Artif Organs. 2022;46(3):337–48.

	8. 	 Sun FT, Morrell MJ. Closed-loop neurostimulation: the clinical experience. 
Neurotherapeutics. 2014;11(3):553–63.

	9. 	 Keezer MR, Sisodiya SM, Sander JW. Comorbidities of epilepsy: current 
concepts and future perspectives. Lancet Neurol. 2016;15(1):106–15.

	10. 	 Zhu LN, Chen D, Deng Y, He J, He YJ, Zhou D, et al. Long-term seizure, 
comorbidity and socioeconomic outcomes of patients with convulsive 
epilepsy in rural West China. Epilepsy Res. 2020;168:106480.

	11. 	 Tallarico M, Pisano M, Leo A, Russo E, Citraro R, De Sarro G. Antidepressant 
Drugs for Seizures and Epilepsy: Where do we Stand? Curr Neuropharma-
col. 2023;21(8):1691–713.

	12. 	 Chan AY, Rolston JD, Rao VR, Chang EF. Effect of neurostimulation on cog-
nition and mood in refractory epilepsy. Epilepsia Open. 2018;3(1):18–29.

	13. 	 Simpson HD, Schulze-Bonhage A, Cascino GD, Fisher RS, Jobst BC, 
Sperling MR, et al. Practical considerations in epilepsy neurostimulation. 
Epilepsia. 2022;63(10):2445–60.

	14. 	 Szaflarski JP, Gloss D, Binder JR, Gaillard WD, Golby AJ, Holland SK, et al. 
Practice guideline summary: Use of fMRI in the presurgical evaluation of 
patients with epilepsy: Report of the Guideline Development, Dissemina-
tion, and Implementation Subcommittee of the American Academy of 
Neurology. Neurology. 2017;88(4):395–402.

	15. 	 Ruffoli R, Giorgi FS, Pizzanelli C, Murri L, Paparelli A, Fornai F. The 
chemical neuroanatomy of vagus nerve stimulation. J Chem Neuroanat. 
2011;42(4):288–96.

	16. 	 Seth J, Couper RG, Burneo JG, Suller Marti A. Effects of vagus nerve 
stimulation on the quality of sleep and sleep apnea in patients with 
drug-resistant epilepsy: A systematic review. Epilepsia. 2024;65(1):73–83.

	17. 	 Elger G, Hoppe C, Falkai P, Rush AJ, Elger CE. Vagus nerve stimulation is 
associated with mood improvements in epilepsy patients. Epilepsy Res. 
2000;42(2–3):203–10.

	18. 	 Englot DJ, Chang EF, Auguste KI. Vagus nerve stimulation for epilepsy: 
a meta-analysis of efficacy and predictors of response. J Neurosurg. 
2011;115(6):1248–55.

	19. 	 Harden CL, Pulver MC, Ravdin LD, Nikolov B, Halper JP, Labar DR. A Pilot 
Study of Mood in Epilepsy Patients Treated with Vagus Nerve Stimulation. 
Epilepsy Behav. 2000;1(2):93–9.

	20. 	 Sackeim HA, Keilp JG, Rush AJ, George MS, Marangell LB, Dormer JS, 
et al. The effects of vagus nerve stimulation on cognitive performance in 
patients with treatment-resistant depression. Neuropsychiatry Neuropsy-
chol Behav Neurol. 2001;14(1):53–62.

	21. 	 Rizzo P, Beelke M, De Carli F, Canovaro P, Nobili L, Robert A, et al. Modifica-
tions of sleep EEG induced by chronic vagus nerve stimulation in patients 
affected by refractory epilepsy. Clin Neurophysiol. 2004;115(3):658–64.

	22. 	 Krahl SE, Clark KB. Vagus nerve stimulation for epilepsy: A review of 
central mechanisms. Surg Neurol Int. 2012;3(Suppl 4):S255-259.

	23. 	 Roliz AH, Kothare S. The Interaction Between Sleep and Epilepsy. Curr 
Neurol Neurosci Rep. 2022;22(9):551–63.

	24. 	 Foldvary-Schaefer N, Grigg-Damberger M. Sleep and epilepsy: what we 
know, don’t know, and need to know. J Clin Neurophysiol. 2006;23(1):4–20.

	25. 	 Nagarajan L, Walsh P, Gregory P, Stick S, Maul J, Ghosh S. Respiratory pat-
tern changes in sleep in children on vagal nerve stimulation for refractory 
epilepsy. Can J Neurol Sci. 2003;30(3):224–7.

	26. 	 Roosevelt RW, Smith DC, Clough RW, Jensen RA, Browning RA. Increased 
extracellular concentrations of norepinephrine in cortex and hip-
pocampus following vagus nerve stimulation in the rat. Brain Res. 
2006;1119(1):124–32.

	27. 	 Walker BR, Easton A, Gale K. Regulation of limbic motor seizures by 
GABA and glutamate transmission in nucleus tractus solitarius. Epilepsia. 
1999;40(8):1051–7.

	28. 	 Naritoku DK, Terry WJ, Helfert RH. Regional induction of fos immunore-
activity in the brain by anticonvulsant stimulation of the vagus nerve. 
Epilepsy Res. 1995;22(1):53–62.

	29. 	 George MS, Sackeim HA, Rush AJ, Marangell LB, Nahas Z, Husain MM, 
et al. Vagus nerve stimulation: a new tool for brain research and therapy. 
Biol Psychiatry. 2000;47(4):287–95.

	30. 	 Groves DA, Brown VJ. Vagal nerve stimulation: a review of its applications 
and potential mechanisms that mediate its clinical effects. Neurosci 
Biobehav Rev. 2005;29(3):493–500.

	31. 	 Rush AJ, George MS, Sackeim HA, Marangell LB, Husain MM, Giller C, et al. 
Vagus nerve stimulation (VNS) for treatment-resistant depressions: a 
multicenter study. Biol Psychiatry. 2000;47(4):276–86.

	32. 	 Hamid H, Liu H, Cong X, Devinsky O, Berg AT, Vickrey BG, et al. Long-term 
association between seizure outcome and depression after resective 
epilepsy surgery. Neurology. 2011;77(22):1972–6.

https://doi.org/10.1111/epi.18289
https://doi.org/10.1111/epi.18289

	Dynamic changes in comorbid conditions following vagus nerve stimulation for epilepsy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Inclusion and exclusion criteria
	Outcome measures
	Quality control
	Statistical analysis

	Results
	Recruitment and baseline characteristics
	Comparison between baseline and the last follow-up
	Comparison between baseline and the second follow-up
	Subgroup comparison in patients with and without comorbidity at baseline
	General estimation equation for testing effect of follow-up time and seizure control on comorbidities

	Discussion
	Conclusions
	Acknowledgements
	References


