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Background: Migraine is a severe, debilitating neurological disorder commonly known for its recurring episodes of head pain. It usually affects daily functioning and mental well-being. Universally, migraine is considered as one of the chief causes of disability especially among the population under the age of 50 year, with prominent social, financial, and personal outcomes. 
Objective: To assess the comparative effectiveness of transcutaneous vagus nerve stimulation (tVNS) versus non-invasive vagus nerve stimulation (nVNS) on pain and quality of life (QOL) in patients of migraine without aura.
Methodology: A randomized controlled trial included 28 patients divided into two groups: tVNS (auricular branch via TENS) and nVNS (cervical via VNS device). Pain intensity was quantified using the Visual Analogue Scale (VAS), while headache-related disability and influence on daily life were measured using the Migraine Disability Assessment (MIDAS) and Headache influence Test (HIT-6), respectively. Using SPSS version 25, the Wilcoxon Signed-Rank test was used for within-group comparisons and the Mann-Whitney U test for between-group differences when comparing scores before and after treatment.
Results: Both groups experienced significant improvements in all three outcomes after intervention (VAS, HIT-6, and MIDAS; p<0.001).  The tVNS group had a higher reduction in VAS (median pre=8.00, post=5.00, p<0.001) and HIT-6 scores (pre=61.50, post=51.00, p<0.001) than the nVNS group (VAS post=7.00, p<0.01; HIT-6 post=55.50, p<0.001).  A between-group study indicated significant improvement in VAS (p=0.050) and HIT-6 (p=0.030), with the tVNS group outperforming. However, no significant change was seen in MIDAS (p=0.140).
Conclusion: Both tVNS and nVNS treatments were successful in lowering migraine impairment and symptoms.  But tVNS was more successful in lowering the severity of the pain and the impact of headaches on daily living.
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INTRODUCTION
Migraine is a severe, debilitating neurological disorder commonly known for its recurring episodes of head pain. This pain usually affects one side of the head and is of throbbing and pulsating nature. Mostly it is associated with a variety of autonomic and sensational disruptions. The signs and symptoms that typically comes with migraine include nausea, vomiting, photophobia (sensitivity to light), and phonophobia (sensitivity to sound). Migraine is a leading cause of impairments in quality of everyday life. Migraine attacks are extremely painful and has a recurring nature that can be continuous for hours to days. These attacks can have a remarkable effects on the daily routine activities and quality of life of the effected individuals (1). International Headache Society subdivided the migraine into two main categories: migraine with aura and migraine without aura. The second type (migraine without aura) is a more prevalent condition as compared to the first one (2). Aura is basically defined as a combination of various sensory and neurological disruptions usually visual or sensational that typically occurs before the headache in almost 25% of migraine cases. Migraine without aura, which is more prevalent and account for the majority (70–75%) of cases, does not comes up with these warning symptoms and normally presents with particular head pain (3). 
Universally, migraine is considered as one of the chief causes of disability especially among the population under the age of 50 years, with prominent social, financial, and personal outcomes.(4) According to the Global Burden of Disease (GBD) Study, migraine affects more than 1.1 billion people globally with a percentage of almost 14–15% across both genders, although females are more affected as compared to male—usually with the ratio of three times more than men—variation in the prevalence rate may be due to hormonal variation accompanied with menopause, pregnancy, and menstruation. (5) With the aspect of regional variation, Asian population has greater rate of migraine as compared to other countries. Moreover, these prevalence rates vary by country. In China, studies revealed that a major portion of a population reported the cases of migraine and is approximately 9.3%. In India, the rate is prominently higher and is almost 25.2%, on the other hand Nepal shows a significantly even alarming rates, as some researches indicating a percentage of 34.1% cases. These variations can be results into hereditary, environmental, lifestyle, and social factors, additionally in access to healthcare and diagnostic accuracy.(6) 
According to recent studies, the annual prevalence of migraine in Pakistan is approximately 22.9%, which is usually higher than the globe’s annual prevalence which is about 15%, this rising rate of cases making it a largest but unacknowledged general health problem. Another study revealed that the cases of migraine are significantly higher in urban areas especially among the females of age 20–40 years.(7) Unfortunately, the cases of migraine has reached up to 20-25% among the university going medical students, which is directly or indirectly related to high level of stress, irregular sleep patterns and academic stress. In spite of these alarming and rising number of cases, cause of migraine is still unrecognized and misdiagnosed in this region, usually due to bounded awareness, societal stigma, and a shortage of access to specific neurology resources. This background demands the further research or modern treatment options that should be authentic, non-pharmacological and easily assessable. (8) 
[bookmark: _Toc207537304]Non-invasive vagus nerve stimulation (nVNS) and transcutaneous vagus nerve stimulation (tVNS) are promising non-pharmacological treatments for migraine management. Both modalities target migraine pain pathways through distinct mechanisms and have the potential to provide pain relief and improve quality of life (QOL). Migraines significantly impact quality of life and productivity, making the search for effective, accessible treatments essential. Comparing the efficacy of nVNS and tVNS could offer valuable insights into their relative effectiveness in reducing pain and enhancing QOL for migraine patients.
OPERATIONAL DEFINITIONS
Migraine:
A neural disorder distinguished by recurring, moderate to severe episodes of headaches, usually characterized by nausea, vomiting, and sensitivity to light or sound. Its type usually include migraine with aura and migraine without aura. It severely affects quality of life and daily functioning of life.
Pain:
A subjective, displeasing sensory and psychological experience accompanied with actual or possible damage to tissue. With the reference of migraine, pain is usually throbbing or pulsating in nature, which is often unilateral, and may range from 4 to 72 hours.
nVNS (Non-invasive Vagus Nerve Stimulation):
nVNS is a non-intrusive neuroregulation technique that usually stimulates the vagus nerve through the skin, especially at the site of neck. It is typically used as an alternate treatment for the management of migraine and cluster headaches. It typically modulates pain signals and decreases the frequency/intensity of attacks.
tVNS (Transcutaneous vagus nerve stimulation):
The non-invasive technique known as transcutaneous vagus nerve stimulation (tVNS) involves sending electrical impulses through the skin to stimulate the vagus nerve, which can be on the outer ear (auricular tVNS) mostly. For therapeutic or research purposes, it makes use of surface electrodes that are connected to a stimulation device such as TENS. Parameters like frequency, pulse width, and intensity are set. This method is a safer and cheaper alternative to invasive vagus nerve stimulation, which aims to activate vagal pathways in order to modulate brain activity and autonomic function.
TENS (Transcutaneous Electrical Nerve Stimulation):
TENS is a non-pharmacological pain relief treatment that uses low-voltage electrical impulses by applying electrodes on the skin. It helps reduces pain perception by blocking the signals of pain or releasing endorphins. TENS is sometimes used for migraine, musculoskeletal pain, and other chronic conditions. 
Quality of Life:
[bookmark: _Toc207537305]The study looks at excellence of life by using a validated questionnaire to evaluate physical, psychological, and social well-being. This approach helps us understand how migraine pain moves everyday activities, mood, and social interactions

HYPOTHESIS
Null hypothesis
There is no difference in the comparative effectiveness of non-invasive vagus nerve stimulation (nVNS) and non-invasive transcutaneous vagus nerve stimulation (tVNS) on pain and quality of life (QOL) in patients of migraine
Alternative hypothesis
There is difference in the comparative effectiveness of non-invasive vagus nerve stimulation (nVNS) and non-invasive transcutaneous vagus nerve stimulation (tVNS) on pain and quality of life (QOL) in patients of migraine
[bookmark: _Toc207537307]
MATERIALS AND METHODS
[bookmark: _Toc207537322]This randomized controlled trial was conducted over a period of six months after synopsis approval at the Comprehensive Rehabilitation Center (CRC), CMA, and various clinics in Lahore and Sheikhupura. Using non-probability convenience sampling, a total of 32 diagnosed migraine patients aged 18–75 years were recruited based on predefined inclusion and exclusion criteria; however, four participants dropped out due to personal reasons, resulting in a final sample of 28 participants. Sample size was calculated using G*Power/OpenEpi with a 95% confidence level and 0.95 statistical power. Participants were randomly allocated into two groups using computer-generated random numbers: Group A received non-invasive vagus nerve stimulation (nVNS) applied to the neck using the Truvaga device for 2 minutes per session, twice daily, four days per week, while Group B received transcutaneous vagus nerve stimulation (tVNS) via auricular stimulation at the tragus for 30 minutes per session, once daily, four days per week; both interventions were administered for 12 weeks. Single blinding was maintained, with outcome assessors blinded to group allocation. Ethical approval was obtained from Superior University, Lahore, written informed consent was taken, confidentiality and participant anonymity were ensured, and participants were informed of their right to withdraw at any time without penalty. Data were collected using validated tools including the Headache Impact Test-6 (HIT-6), Visual Analogue Scale (VAS), and Migraine Disability Assessment Questionnaire (MIDAS) to assess headache impact, pain intensity, and migraine-related disability, respectively.

RESULTS
[bookmark: _Toc207536419]Table 1 Descriptive statistics of age and BMI
	

	Age
Mean (S.D)
	BMI
Mean (S.D)

	nVNS
	34.86(14.271)
	26.129(5.087)

	tVNS
	33.00(12.944)
	24.407(4.178)


The demographic data show that the nVNS (Vagus Nerve Stimulation) group had a somewhat older mean age of 34.86 years (SD = 14.27), compared to 33.00 years (SD = 12.94) in the tVNS (Transcutaneous Vagus Nerve Stimulation) group. Despite the slight age difference, the standard deviations indicate a wide age range in both groups, which may influence treatment outcomes. Age influences neuronal plasticity, pain sensitivity, and the efficacy of neuromodulatory therapies such as VNS. 
In terms of Body Mass Index (BMI), the VNS group had a higher mean BMI of 26.13 (SD = 5.08), putting them in the overweight category, whereas the tVNS group had a mean BMI of 24.41 (SD = 4.18), which is normal. A high BMI can affect pain perception, autonomic function, and sensitivity to physical therapy therapies. Overweight people frequently face increased mechanical stress and systemic inflammation, which might impair the efficacy of neuromodulatory treatments. 

[bookmark: _Toc207536421]Table 2 Test of normality
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	pretreatment visual analogue value
	.907
	28
	.017

	pre treatmenthit-6 value
	.966
	28
	.042

	pretreatment Midas value
	.918
	28
	.031


The Shapiro-Wilk test was used to determine the normality of the pre-treatment scores for VAS (Visual Analogue Scale), HIT-6 (Headache Impact Test), and MIDAS (Migraine Disability Assessment). The results showed that all three variables varied significantly from the normal distribution. The p-values for VAS (p =.017), HIT-6 (p =.042), and MIDAS (p =.031) all fell below the customary threshold of 0.05. This implies that the assumption of normality is broken by each of these pre-treatment metrics. Based on these findings, the data do not meet the criteria for parametric statistical tests that assume a normal distribution. As a result, non-parametric approaches like the Mann-Whitney U test (for between-group comparisons) or the Wilcoxon signed-rank test (for within-group comparisons) are more suited for analyzing pre-treatment scores. These tests will confirm the reliability and validity of the statistical conclusions generated from the data.

[bookmark: _Toc207536422]Table 3 Wilcoxon sign rank test within group analysis of tVNS
	
	Pre
Median
Q1-Q3
	Post
Median
Q1-Q3
	p-value

	VAS
	8.00
7.75-8.25
	5.00
4.00-6.00
	<0.001

	Hit-6
	61.50
59.00-62.25
	51.00
47.75-53.50
	<0.001

	Midas
	26.00
21.75-28.00
	9.00
5.00-14.25
	<0.001


The Wilcoxon Signed Ranks Test was used to assess within-group differences in the tVNS (transcutaneous Vagus Nerve Stimulation) group's pre- and post-treatment scores. The analysis found statistically significant improvements in all three outcome measures. The median VAS score for pain intensity fell from 8.00 (Q1-Q3: 7.75-8.25) before therapy to 5.00 (Q1-Q3: 4.00-6.00) after treatment (p < 0.001), showing a significant reduction in felt pain. This shows that VNS had a significant analgesic effect on people experiencing migraine discomfort. The HIT-6 score, which assesses the impact of headaches on daily functioning, decreased significantly from 61.50 (Q1-Q3: 59.00-62.25) to 51.00 (Q1-Q3: 47.75-53.50) post-treatment (p < 0.001). The MIDAS score for migraine-related impairment decreased significantly from a median of 26.00 (Q1-Q3: 21.75-28.00) to 9.00 (Q1-Q3: 5.00-14.25) after treatment (p < 0.001). These data show that tVNS therapy significantly reduced pain, headache burden, and functional impairment, indicating its therapeutic promise in the treatment of migraine symptoms.

[bookmark: _Toc207536424]Table 4 Mann Whitney U test between groups analysis
	
	Pre
Median
Q1-Q3
	Post
Median
Q1-Q3
	p-value
post

	VAS

	tVNS

	8.00
7.75-8.25
	5.00
4.00-6.00
	0.05

	
	nVNS
	8.00
7.00-9.00
	7.00
5.75-7.25
	

	Hit-6
	tVNS

	61.50
59.00-62.25
	51.00
47.75-53.50
	0.03

	
	nVNS
	62.50
59.75-64.25
	55.50
51.75-58.00
	

	Midas

	tVNS
	26.00
21.75-28.00
	9.00
5.00-14.25
	0.14

	
	nVNS
	24.00
22.00-31.50
	13.00
8.00-17.25
	



The Mann-Whitney U test was conducted to compare the pre- and post-treatment scores between the tVNS and nVNS groups. For the post-treatment VAS scores, tVNS showed a significant reduction from a median of 8.00 (Q1-Q3: 7.75-8.25) to 5.00 (Q1-Q3: 4.00-6.00), with a p-value of 0.05, while nVNS showed a smaller change, from 8.00 (Q1-Q3: 7.00-9.00) to 7.00 (Q1-Q3: 5.75-7.25). The Hit-6 scores for tVNS also showed significant improvement, with a decrease from 61.50 (Q1-Q3: 59.00-62.25) to 51.00 (Q1-Q3: 47.75-53.50), yielding a p-value of 0.03. For nVNS, the reduction was from 62.50 (Q1-Q3: 59.75-64.25) to 55.50 (Q1-Q3: 51.75-58.00). However, the Midas scores did not show significant improvement for either group, with tVNS decreasing from 26.00 (Q1-Q3: 21.75-28.00) to 9.00 (Q1-Q3: 5.00-14.25) and nVNS from 24.00 (Q1-Q3: 22.00-31.50) to 13.00 (Q1-Q3: 8.00-17.25), both having p-values greater than 0.05.

[bookmark: _Toc207537324]DISCUSSION
Migraine has detrimental effects on society, individuals, and the economy under and is the third most common cause of disability under the age of 50. There are several subtypes of migraine, and patients may have several at the same time. Patients who were diagnosed with migraine with or without aura were included in this study. 
Current findings show the nVNS group averaged a BMI of 26.13 (overweight), while the tVNS group averaged 24.41 (within the normal range). A study highlighted that being overweight (BMI 25–29.9 kg/m²) is common among migraineurs about 62% in a U.S. sample, with overweight linked to higher migraine frequency (11) Numerous other studies' findings confirm the notion that BMI is correlated with the frequency of migraine attacks i.e., Bigal et al. (12) exhibit similar findings. Although125 participants did not exhibit a migraine risk associated with an elevated BMI, episodes were more common in people who were overweight or obese (12). Another study conducted by Bigal et al. using data from 18,968 migraineurs (gathered from questionnaires delivered to target households) supports the latter finding. According to Ford et al.'s evaluation of 7601 men and women, patients with BMIs <18.5 and >30 had an elevated age-adjusted risk of migraine or severe headaches; however, Peterlin et al. claimed that obesity only increased the risk of migraine in patients younger than twenty to 55, not older (13), and Yu et al. demonstrated that the probabilities of migraine increased only in patients with BMIs >30 (14). Additionally, Bigal et al. excluded that patients with atypical BMI had a higher incidence of migraine (12). Comparing to the current study reveals that nVNS group has a higher BMI suggests they may represent a migraine subgroup with a potentially more refractory profile, as overweight status is commonly linked to higher migraine burden. This aligns with current group's demographics and supports interpreting our neuromodulation outcomes in the context of global migraine-BMI relationships. 
Another study showed that when used in the emergency room, these devices may considerably lower patients' VAS scores, and they work within the first 20 minutes of therapy (p b 0.001). The trial's verum and sham groups showed notable statistical and clinical differences. The 0–20, 20–120, and 0–120 periods were used to assess the patients' reported changes in pain. Following the end of treatment, there was a slow but steady decrease in pain, with the biggest reduction occurring during the first 20 minutes (15). In current study use of the Shapiro-Wilk test to identify non-normal distributions in pre-treatment scores (all p < 0.05) and adoption of Wilcoxon Signed-Ranks Tests follow best practices: HIT‑6 and MIDAS are widely used and validated scales, with strong reliability and internal consistency; their sensitivity to change has been confirmed in several migraine cohorts i.e., Kinfe et al.’s nVNS studies similarly applied non-parametric analyses for skewed VAS scores (16).
Current study found a borderline significant difference (p = 0.05) favoring greater pain reduction in the nVNS (VNS) group over TENS. This aligns with a randomized crossover study on auricular nVNS, where between-group differences in VAS scores after stimulation were not significant (p = 0.7) compared to sham, suggesting that the magnitude of VAS reduction is often subtle and sample-dependent In comparison to no intervention, pain intensity decreased after all interventions (ηp = 0.22, P <.001; mean difference tVNS over no intervention 9.5; 95% CI], 3.6-15.4; P <.001). Prior to the commencement of TSP, tVNS had a greater hypoalgesia impact than both placebo and sham in males (mean differences for tVNS versus placebo 6.2; 95% CI, 0.2-12.1; P <.05; tVNS against sham 6.2; 95% CI, 0.2-12.1). When compared to no intervention, women's TSP response under tVNS was lower (median difference, 7.5; 95% CI, 3.5-15.0; P =.003) (17). 
[bookmark: _Toc207537326]
CONCLUSION
In conclusion, both tVNS and nVNS considerably enhance quality of life while lowering migraine-related pain and impairment. However, tVNS showed better results in terms of headache effect and pain intensity decrease. These results highlight tVNS's therapeutic promise as an efficient, non-invasive, and non-pharmacological migraine treatment. Extending access to such interventions might significantly enhance patient outcomes and lessen healthcare's dependence on medication-based therapy, as the prevalence of migraines continues to climb internationally.
[bookmark: _Toc207537330]
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