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Abstract
Background Existing literature on the impact of lipid accumulation product (LAP) and visceral adiposity index (VAI) 
on severe headache or migraine is limited. This study aims to elucidate the association between LAP and VAI and the 
prevalence of migraine.

Methods Data for this study were sourced from the 1999–2004 National Health and Nutrition Examination Survey 
(NHANES). A database-self-administered questionnaire was used to assess severe headache or migraine. A weighted 
logistic regression model was employed to assess the relationship between LAP and VAI with migraine prevalence. 
Complementary analytical approaches included subgroup analysis, restricted cubic spline (RCS), and threshold effect 
analysis to validate the findings.

Results In the end, 4572 people were recruited for the research, including 880 with migraine and 3692 without 
migraine. Following adjustment for the relevant covariables, weighted logistic regression analysis (OR = 1.409, 95% 
CI: 1.054, 1.883, P = 0.022; OR = 1.288, 95% CI: 1.010, 1.642, P = 0.042) revealed significantly elevated odds of migraine 
prevalence in participants within the highest tertile (T3) of LAP and VAI than those in the lowest tertile (T1). The 
nonlinear association between migraine prevalence and both VAI and LAP was further elucidated through a restricted 
cubic spline. The threshold analysis pinpointed 2.142 (log-likelihood ratio = 0.016) as the critical inflection point for VAI. 
Subgroup analysis and interaction testing revealed the significant association was independent in different subgroup 
factors.

Conclusions The data indicate a robust association between higher levels of LAP and VAI and an increased 
prevalence of migraine.
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Introduction
Migraine, a severe and debilitating neurovascular disor-
der, has an immense impact on people’s lives and society 
[1]. This condition manifests as frequent, unilateral, pul-
sating, intense headaches in addition to nausea, vomit-
ing, and heightened sensitivity to light and sound [2]. 
Research highlights that migraines are the predominant 
cause of disabilities in persons under 50, significantly 
affecting life expectancy post-disability [3]. In the USA, 
15% of adults suffer from a migraine attack annually, 
with the global burden reaching approximately 1 billion 
affected individuals [4]. Understanding modifiable deter-
minants for migraine is crucial for reducing its associated 
morbidity, given the significant cost that migraines cause 
to people in the world. Researchers have looked into the 
potential linkage between migraine and obesity-related 
metrics in the past several years [5, 6], thus underscoring 
the relevance of further research into the effects of obe-
sity on migraine.

Accumulation of visceral fat is a hallmark of obesity. 
However, traditional metrics, such as body mass index 
(BMI), fail to distinguish between subcutaneous and vis-
ceral fat, thereby limiting their effectiveness in assessing 
obesity severity. VAI represents an innovative anthro-
pometric measure useful for evaluating the function 
and distribution of visceral fat [7]. VAI is determined 
by integrating BMI, waist circumference (WC), triglyc-
eride (TG), and high-density lipoprotein (HDL) choles-
terol via a specific mathematical Eq. [8]. Another tool for 
determining and displaying the state of fat accumulation 
is LAP, which is derived by amalgamating WC and TG. 
Based on clinical research, VAI and LAP have demon-
strated their ability to accurately identify those who are 
more susceptible to metabolic disorders linked to visceral 
obesity, such as abnormalities in lipids, insulin resistance, 
and cardiovascular detrimental factors [9–12]. These 
indices have also shown superior predictive accuracy 
in some clinical circumstances [13, 14], outperforming 
more conventional measures such as waist-height ratio 
and body mass index [15, 16]. However, research explor-
ing the potential relationship between VAI, LAP, and 
migraine remains scarce. Elucidating this relationship 
could be useful in the proposal of tailored tactics to miti-
gate the detrimental effects of migraine on public health.

The research used statistics from the NHANES to 
perform the cross-sectional analysis of the relation-
ship examining the impact of LAP and VAI, on migraine 
prevalence, positing a high influence of these indices on 
migraine occurrence.

Methods
Study population
NHANES, a multistage, stratified, nationally represen-
tative probability sample survey [17], aims to assess the 

association between disease prevention and nutritional 
practices for health enhancement. Conducted biennially, 
this survey integrates interviews with physical examina-
tions and encompasses demographic, nutritional, exami-
nation, laboratory, and questionnaire components.

This study used the 1999–2004 NHANES as only this 
cycle’s data, as they included data pertinent to reported 
headaches and migraines. 19,063 of the 31,126 par-
ticipants who were initially included in the study were 
removed due to missing data on BMI, income-to-poverty 
ratio (PIR), educational attainment, alcohol intake, mari-
tal status, and smoking status. Further exclusions were 
made for missing data on diabetes, hyperlipidemia, and 
hypertension (1,415 participants), and incomplete infor-
mation on migraine, TG, WC, TC, HDL-C, and low-den-
sity lipoprotein cholesterol (LDL-C) (6,076 participants). 
Participants younger than 20 years were excluded, leav-
ing a final sample size of 4,572 people (Fig. 1).

Definition of LAP and VAI
The LAP and VAI are sex-specific indices that estimate 
abdominal lipid accumulation and assess visceral adipos-
ity functionality respectively. The formulas below were 
employed to compute each participant’s LAP and VAI 
based on previous studies, where TG and HDL-C were in 
mmoL/L, and WC was in cm [8, 15].

For males: LAP = (WC − 65) ∗ TG

 V AI = WC?(39.68 + 1.88 ∗ BMI) ∗ (TG?1.03) ∗ (1.31/HDL_C)

For females: LAP = (WC − 58) ∗ TG

 V AI = WC?(36.58 + 1.89 ∗ BMI) ∗ (TG?0.81) ∗ (1.52/HDL_C)

Definition of severe headache or migraine
The Pain Questionnaire was the primary tool used to 
ascertain the status of migraine, following methodologies 
consistent with prior NHANES-based study techniques 
[18]. A positive response to the question, “In the past 
three months, have you experienced a severe headache or 
migraine?” defined participants with a severe headache 
or migraine.

Selection of covariables
The analysis incorporated potential confounding vari-
ables associated with LAP, VAI, and migraine based on 
prior research [18, 19]. These variables included age 
(year), gender (male/female), race (Mexican American /
non-Hispanic White/non-Hispanic Black/other races), 
education attainment (less than high school/high school/
above high school), marital status (divorced/married/
never married), total cholesterol levels (mmoL/L), PIR, 
BMI (kg/m2), diabetes (yes/no), hyperlipidemia (yes/no), 
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and hypertension(yes/no) were all included. The catego-
ries for smoking status were never, ever, and currently 
smoking. Alcohol consumption was defined as “never”, 
“mild”, “moderate”, “heavy”, and “former”. You may get 
more details at http://www.cdc.gov/nhanes.

Statistical analysis
Continuous variables included age, PIR, BMI, waist cir-
cumference, TG, LDL-C, HDL-C, TC, VAI, and LAP. 
Categorical variables included age group, gender, race, 
marry status, education level, smoking status, alcohol 
consumption, hypertension (yes/no), diabetes (yes/no), 
and hyperlipidemia (yes/no). Weighted chi-square tests 

and weighted t-tests were used for categorical variables 
and continuous variables respectively, and Mann-Whit-
ney U test was used for non-normally distributed contin-
uous variables in statistical analyses stratified by migraine 
to evaluate baseline participant characteristics. Three 
distinct models of weighted multiple logistic regres-
sion were utilized to elucidate the relationships between 
VAI, LAP, and migraine. Model 1 was unadjusted. Age, 
gender, and racial adjustments were incorporated into 
Model 2. Model 3 received adjustments for marital sta-
tus, educational level, income-to-poverty ratio, hyperten-
sion, hyperlipidemia, alcohol consumption, and smoking 
status building upon the framework established in Model 

Fig. 1 Flow chart of participants selection
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2. The authors employed trend tests to investigate linear 
patterns in the relationship between the VAI, LAP, and 
migraine, after categorizing VAI and LAP to categori-
cal variables (tertiles). Subgroup analyses respectively 
performed analyzed the associations between LAP, VAI, 
and migraine in populations with varying demograph-
ics, including age, gender, race, educational level, and 
hypertension. Interaction tests were executed to deter-
mine if the relationships were consistent across all sub-
groups. The non-linear associations were assessed using 
restricted sample cubic spline (RCS) analysis between 
VAI, LAP, and migraine. The RCS analysis was conducted 
using 3 knots located at the 10th, 50th, and 90th percen-
tiles. Two-sided P < 0.05 was considered to have statisti-
cal relevance. EmpowerStats (version 2.0) and R (version 
4.2.2) served as the foundation for analyses.

Results
Baseline characteristic
The study included 4,572 people who satisfied the inclu-
sion criteria. It shows details of individuals segmented 
by migraine presence or absence, with 880 individuals 
identified in the migraine group in Table 1. Participants 
were 46.35 (0.47) years old on average, with females rep-
resenting 50.63% and males 49.37%. The Median (Q1-
Q3) of VAI and LAP were 1.69 (1.03–2.74) and 43.12 
(23.67–71.65), respectively. The migraine group exhibited 
significantly higher VAI values than the non-migraine 
group. Furthermore, significant variations in age, gender, 
education, smoking, LAP, PIR, and BMI were observed 
between the two groups.

Association between VAI, LAP and migraine
In Table 2, with VAI and LAP reclassified into tertiles, it 
demonstrated that individuals in the highest tertile for 
VAI and LAP, as per the adjusted Model 3, had increased 
odds of 40.9% and 28.8% for migraine prevalence, respec-
tively, compared to the lowest tertile (OR = 1.409, 95% CI: 
1.054, 1.883, P = 0.022; OR = 1.288, 95% CI: 1.010, 1.642, 
P = 0.042).

The restricted cubic spline in Fig. 2 showed a nonlinear 
association between LAP (P nonlinear = 0.046) and VAI 
(P nonlinear = 0.0023) with migraine. Threshold analysis 
identified an inflection point for VAI at 2.142 (log-likeli-
hood ratio = 0.016), as shown in Table 3. Below this inflec-
tion point, it indicates that the prevalence of migraine 
increases with higher levels of VAI. Above this level, the 
association between increased VAI and migraine dis-
sipated, indicating that further rises in VAI did not sub-
stantially augment the prevalence of migraine.

Subgroup analyses
Subgroup analysis detailed in Table  4 considered age, 
gender, BMI, and hypertension. The results showed 

a consistent association across subgroups between 
migraine and VAI, LAP. Although females aged 20–39 
demonstrated a stronger positive association between 
LAP and migraine, the interaction effects were not sta-
tistically significant (Age: P interaction = 0.09; Gender: P 
interaction = 0.985).

Discussion
The study establishes a positive association between 
migraine, VAI, and LAP in a cross-sectional analysis, sug-
gesting that increased levels of VAI or LAP are linked to 
an elevated prevalence of migraine. Significantly, non-
linear associations between LAP and VAI with migraine 
were observed, and the VAI’s inflection point (2.142) was 
pinpointed. Additionally, no significant effect was noted 
after taking into account age, gender, BMI, and hyper-
tension. These findings underscore the potential of fat 
reduction and visceral fat control in mitigating migraine 
prevalence.

This investigation is possibly the inaugural study exam-
ining the association between LAP, VAI, with migraine. 
Between 2003 and 2004, a prospective, 11-month pop-
ulation-based follow-up study conducted in the United 
States suggested a link between migraine and obesity 
[20]. Compared to those of normal weight, participants 
with elevated BMIs experienced a higher relative preva-
lence of chronic migraine. A study of observation con-
ducted in Iran found that migraineurs with higher BMI 
had more frequent, severe, and prolonged headaches, 
alongside higher disability scores [21]. In comparison 
to those of normal weight, Meta-analyses have simi-
larly reported a 14% and 27% increased prevalence of 
migraine in obese individuals [22, 23]. Kristoffersen et 
al. found that adipose tissue distribution may influence 
the impact of obesity on the occurrence of migraine [24]. 
Blood lipoprotein is one of the important indicators for 
calculating VAI and LAP. Multiple observational stud-
ies have posited a possible association between dyslipid-
emia with other aspects in migraine, including intensity, 
occurrence, as well as frequency [25–27]. Additionally, 
there is recent evidence that statins may reduce the like-
lihood of migraine [28] and metabolic disorders such as 
obesity may affect the efficacy of migraine medications 
[29]. Previous studies have found that blood lipoprotein 
subfractions and migraine were caused by shared heredi-
tary causes [30, 31]. However, these studies did not fur-
ther investigate the role of visceral fat on migraine. Thus, 
NHANES provides a unique opportunity to confirm if 
VAI, LAP, and migraine are positively correlated, which 
will lay the groundwork for further research into the 
impact of obesity on migraine.

While the precise mechanisms linking VAI, LAP, 
and migraine remain elusive, there are multiple pos-
sible explanations. Firstly, visceral obesity, a particularly 
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Table 1 Baseline characteristics of whether the participants with migraine
Variable Total

(N = 4572)
Migraine
(N = 880)

Control
(N = 3692)

P-value

Age(years) 46.35 ± 0.47 42.72 ± 0.41 47.32 ± 0.57 < 0.0001
Age group, (%) < 0.0001
20–39 38.27(0.02) 43.28(1.62) 36.92(1.49)
40–59 39.55(0.02) 45.66(1.51) 37.91(0.96)
≥ 60 22.18(0.01) 11.06(1.05) 25.16(1.16)
Gender, (%) < 0.0001
Female 50.63(0.02) 63.68(1.74) 47.13(0.70)
Male 49.37(0.02) 36.32(1.74) 52.87(0.70)
Race, (%) 0.13
Mexican American 6.99(0.01) 7.98(1.47) 6.72(0.88)
Non-Hispanic Black 9.58(0.01) 10.06(1.41) 9.45(1.08)
Non-Hispanic White 74.43(0.05) 71.03(2.60) 75.34(1.91)
Other Race 9.00(0.01) 10.92(2.11) 8.49(1.30)
PIR 3.09 ± 0.06 2.72 ± 0.07 3.19 ± 0.06 < 0.0001
Marry status, (%) 0.1
Divorced/Widowed/Separated 17.31(0.01) 16.67(1.27) 17.48(0.88)
Married/Living with partner 67.49(0.03) 70.17(1.53) 66.77(1.25)
Never married 15.20(0.01) 13.16(1.37) 15.75(1.03)
Education level, (%) < 0.001
< high school 18.83(0.01) 23.71(1.24) 17.51(0.92)
=high school 26.48(0.02) 28.54(1.91) 25.93(1.22)
> high school 54.70(0.02) 47.75(2.26) 56.56(1.44)
Smoking status, (%) 0.001
former 26.49(0.02) 22.40(1.82) 27.59(1.19)
never 49.19(0.02) 47.40(2.60) 49.67(1.29)
now 24.32(0.02) 30.20(2.37) 22.74(1.05)
Alcohol user, (%) 0.24
former 17.21(0.02) 18.94(1.69) 16.74(1.12)
heavy 19.71(0.01) 20.74(1.87) 19.44(0.95)
mild 35.99(0.02) 33.35(1.82) 36.70(1.36)
moderate 16.14(0.01) 14.73(1.74) 16.52(0.86)
never 10.95(0.01) 12.25(1.63) 10.60(1.25)
Hypertension, (%) 0.32
No 64.23(0.03) 65.61(1.62) 63.86(1.13)
Yes 35.77(0.02) 34.39(1.62) 36.14(1.13)
Hyperlipidemia, (%) 0.68
No 25.89(0.01) 26.53(1.84) 25.72(0.94)
Yes 74.11(0.03) 73.47(1.84) 74.28(0.94)
Diabetes, (%) 0.99
No 94.11(0.04) 94.09(0.79) 94.11(0.50)
Yes 5.89(0.01) 5.91(0.79) 5.89(0.50)
BMI, (kg/m2) 28.01 ± 0.13 28.71 ± 0.26 27.83 ± 0.15 0.004
Waist Circumference (cm) 96.34 ± 0.34 96.51 ± 0.69 96.30 ± 0.37 0.78
TG(mmol/L) 1.38 ± 0.02 1.39 ± 0.03 1.37 ± 0.02 0.51
LDL-C (mmol/L) 3.13 ± 0.02 3.08 ± 0.04 3.15 ± 0.02 0.13
HDL-C (mmol/L) 1.36 ± 0.01 1.34 ± 0.02 1.36 ± 0.01 0.16
TC(mmol/L) 5.12 ± 0.02 5.07 ± 0.04 5.14 ± 0.02 0.11
VAI, Median(Q1-Q3) 1.69(1.03–2.74) 1.82(1.10–2.80) 1.66(1.02–2.71) 0.03
LAP, Median(Q1-Q3) 43.12 (23.67–71.65) 43.94(23.58–73.30) 42.92(23.80-71.33) 0.32
Abbreviation: PIR: income-to-poverty ratio; BMI: body mass index; TG: triglyceride; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; VAI: Visceral adiposity index; LAP: Lipid accumulation product
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deleterious form of central obesity, is well-represented by 
VAI or LAP, which signifies both visceral fat accumula-
tion and functional metabolic disturbances. Generally 
speaking, obesity is commonly characterized as a sys-
temic inflammatory condition, marked by elevated lev-
els of pro-inflammatory cytokines, including interleukin 
(IL)-1, IL-6, and tumor necrosis factor-α (TNF-α) [32, 
33]. As an endocrine organ, fat tissue is known to gen-
erate pro-inflammatory adipocytokines, such as lipo-
calin and leptin [34, 35]. Additionally, it is posited that 
increased leptin levels trigger the release of NO as well 
as pro-inflammatory proteins, such as TNF-α and IL-6, 
implicated in migraine pathogenesis via the nuclear 
factor-κβ signaling pathway [36]. Indeed, migraineurs 
exhibit higher levels of pro-inflammatory markers and 
adipocytokines [37–40]. Perini et al. suggested that 

inflammation could be a key pathogenic mechanism for 
migraine [41]. Calcitonin gene-related peptide (CGRP), 
a crucial neurobiological mediator, is another plausible 
explanation behind the link between fat and migraine. 
It is believed that CGRP controls how pain signals are 
transmitted throughout the brain and may have a role in 
the perception of meningeal injury [42]. Elevated CGRP 
levels have been observed in both obese individuals and 
those with migraine compared to their non-obese and 
non-migraine counterparts [43, 44]. According to Ligong 
et al., noted that inflammatory peptides could cause irre-
versible damage to the perithalamic gray matter and sen-
sitize the central nervous system, all of which are linked 
to the pathogenesis of migraine [45].

Evidence suggests that patients with chronic migraine 
exhibit elevated levels of orexin in their cerebrospinal 

Table 2 Multivariable logistic regression models for the association between LAP、VAI, and migraine in adults in the NHANES
Migraine OR (95% CI), P-value

Model 1 Model 2 Model 3
VAI
Tertile 1 (≤ 1.225) Reference Reference Reference
Tertile 2 (1.225–2.275) 1.189(0.918,1.541), 0.185 1.273(0.988,1.641), 0.062 1.246(0.938,1.656), 0.124
Tertile 3 (> 2.275) 1.315(1.027,1.682), 0.031 1.524(1.193,1.946), 0.001 1.409(1.054,1.883), 0.022
P for tend 0.038 0.002 0.029
LAP
Tertile 1 (≤ 32.501) Reference Reference Reference
Tertile 2 (32.501–65.582) 1.021(0.803,1.300), 0.861 1.301(1.023,1.655), 0.033 1.254(0.952,1.651), 0.103
Tertile 3 (> 65.582) 1.052(0.881,1.257), 0.567 1.411(1.162,1.715), < 0.001 1.288(1.010,1.642), 0.042
P for tend 0.566 < 0.001 0.041
Abbreviations: VAI: Visceral adiposity index; LAP: Lipid accumulation product; NHANES: National Health and Nutrition Examination Survey; OR: odds ratio: CI: 
confidence interval

Fig. 2 The restricted cubic spline (RCS) analysis between VAI and LAP with migraine
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fluid [46]. These heightened orexin levels not only induce 
hyperphagia [47] but also exacerbate mitochondrial dys-
function [48], contributing to the development of obesity 
[49]. Furthermore, the results of a macrogenome-wide 
association study have revealed that migraineurs exhibit 
significantly reduced microbial diversity and altered 
metabolic functions within their gut microbiota com-
pared to healthy controls [50]. This dysbiosis disrupts 
host energy homeostasis, induces low-grade chronic 
inflammation through the impairment of intestinal bar-
rier integrity, and elevates the expression of hunger-sup-
pressing hormones, ultimately leading to obesity [51, 52]. 
The disabling nature of migraine often impedes regular 
physical activity among affected individuals [53], which 
is a critical factor in weight management. Additionally, 

migraineurs are at a markedly increased likelihood of 
developing depression and anxiety disorders [54, 55]. 
These psychiatric conditions are themselves associated 
with obesity and significant weight gain [56]. This bidi-
rectional relationship between migraine and obesity cre-
ates a vicious cycle where one condition exacerbates the 
other. The complexity of this relationship is further com-
pounded by shared detrimental factors, including genetic 
predispositions, physical inactivity lifestyle, and poor 
dietary habits [57].

Study strengths and limitations
There are some strengths in this study. Firstly, NHANES 
is an important epidemiological study conducted in the 
United States. Strict quality control processes are used 
in the data collection process, and the results are highly 
dependable. In addition, findings were further reinforced 
by adjusting for confounding factors through subgroup 
analysis.

However, the study’s limitations are notable. First, the 
reliance on self-reported data to determine the presence 
of severe headache or migraine could introduce recall 
bias. Second, there might be factors that were not taken 
into account, even if have eliminated extensive adjust-
ments for confounding variables. Furthermore, causal 
inference is limited by the cross-sectional nature of this 
study.

Conclusions
In conclusion, the research shows higher levels of VAI 
or LAP are independently associated with an increased 
prevalence of migraine, underscoring their potential as 
predictive biomarkers. Modulating VAI and LAP levels 

Table 3 Threshold effect analysis of LAP and VAI on migraine 
using a two-piecewise logistic regression model in adults in the 
NHANES
Threshold effect analysis Migraine

OR (95%CI)
VAI
The inflection point of VAI (K) 2.142
< K slope 1.290 (1.082, 1.539)
> K slope 0.992 (0.922, 1.067)
Log-likelihood ratio test 0.016
LAP
The inflection point of LAP (K) 46.252
< K slope 1.008 (1.001, 1.015)
> K slope 1.001 (0.999, 1.004)
Log-likelihood ratio test 0.122
Abbreviation: VAI: Visceral adiposity index.; LAP: Lipid accumulation product; 
NHANES: National Health and Nutrition Examination Survey;

Notes: The analysis was based on Model 3

Table 4 Stratified analysis of the association between LAP、VAI and migraine in adults in the NHANES
Subgroup OR (95% CI)

VAI P interaction LAP P interaction
Age 0.823 0.09
20–39 1.008(0.918,1.106) 1.004(1.001,1.007)
40–59 1.095(0.982,1.221) 1.002(0.998,1.006)
> 60 1.024(0.862,1.217) 0.999(0.992,1.006)
Gender 0.877 0.985
Male 1.067(0.952,1.195) 1.003(0.999,1.006)
Female 1.068(0.994,1.149) 1.003(1.000,1.007)
BMI 0.452 0.870
< 25 0.987(0.872,1.118) 0.999(0.990,1.007)
25–30 1.116(0.999,1.246) 1.002(0.997,1.008)
> 30 1.028(0.912,1.160) 1.003(0.999,1.006)
Hypertension 0.664 0.571
Yes 1.072(0.952,1.207) 1.003(0.999,1.007)
No 1.052(0.968,1.145) 1.003(1.000,1.006)
Abbreviation: VAI: Visceral adiposity index; LAP: Lipid accumulation product; NHANES: National Health and Nutrition Examination Survey; OR: odds ratio: CI: 
confidence interval

Note: Age, gender, race, education level, marital status, poverty income ratio, hypertension, hyperlipidemia, alcohol use, and smoking status were adjusted. The 
strata variable was not included in the model when stratifying by itself
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may serve as a prophylactic measure and help mitigate 
migraine progression. For people with high VAI and LAP 
levels, dietary modifications and exercise regimens as 
medical interventions are advised to reduce the preva-
lence of migraine. The results underscore the significance 
of using VAI and LAP measurements in clinical assess-
ments to direct focused interventions and enhance 
outcomes in individuals with a higher prevalence of 
migraine.
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