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Abstract

Objective

This study examines how weight-adjusted waist index (WWI) correlates with the
occurrence of migraine in U.S. adults.

Background

Being overweight significantly increases the likelihood of experiencing migraines;
nonetheless, conventional metrics like waist circumference (WC) and body mass
index (BMI) might not completely capture the level of migraine risk tied to obe-
sity. WWI integrates the strengths of WC while minimizing its correlation with BMI,
which might make it a more accurate indicator of central obesity-related migraine
susceptibility.

Methods

This study performed a cross-sectional analysis using data from 9,688 participants
obtained from the National Health and Nutrition Examination Survey (NHANES),
covering the years 1999-2004. Migraine occurrence was evaluated through question-
naires, and participants’ WWI was computed. Weighted multivariable logistic regres-
sion models were used to examine the association between WW!I and migraines.
Restricted cubic splines (RCS) were applied to evaluate the dose-response rela-
tionship between WWI and migraines. Furthermore, interaction tests and subgroup
analyses were executed. The receiver operating characteristic (ROC) curve, paired
with DelLong et al.’s test, was employed to compare the predictive power of WWI,
BMI, and WC for migraines.
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Results

The overall prevalence of migraines was found to be 21.50% (weighted population:
31,888,075 out of 148,278,824). In Model 3, the link between WWI and migraines

in women showed no statistical significance (OR = 0.94, 95% CI: 0.82—1.07). In this
model, each unit increase in WWI among men was linked to a 22% higher risk of
migraines (OR = 1.22, 95% CI: 1.05—-1.42). When stratified by quintiles, individuals
in the third quintile (Q3) displayed a 69% higher likelihood of experiencing migraines
compared to those in the first quintile (Q1) (OR = 1.69, 95% CI: 1.19-2.40), with a
significant inflection point observed at 10.95 cm/vkg. Significant interactions were
noted among various age groups (p for interaction=0.018). WWI demonstrated a
stronger predictive capability for migraine compared to BMI and WC.

Conclusion

A U-shaped positive correlation of WWI with migraines was observerd among adult
males in the U.S., while no significant correlation was found in females. Within the
context of BMI and WC, WWI exhibited a superior predictive capacity for migraines.

1. Introduction

Migraine is a common neurological disorder involving recurrent throbbing headaches,
often accompanied by nausea, vomiting, and sensitivity to light and sound [1]. The
World Health Organization (WHO) ranks migraine as the second most disabling neu-
rological disorder and the third most prevalent disease globally [2,3].Global Burden of
Disease Study results show that migraines negatively affect the quality of life for over
one billion people worldwide [4]. In the United States, migraine affects an estimated
18.2% of the female population and 6.5% of males, with 23% of households demon-
strating at least one affected individual [5]. Although the prevalence of migraine var-
ies across different age and gender groups, it remains a pressing global health issue.
Despite extensive research efforts by the medical community, the pathophysiological
mechanisms that contribute to migraine remain not entirely understood. Conse-
quently, a comprehensive understanding of migraine and its associated factors has
become increasingly urgent for the effective prevention, management, and enhance-
ment of the prognosis and quality of life for migraine patients [6].

Obesity is a key risk factor for migraine development [7]. Commonly used indi-
ces related to obesity include BMI and WC. However, recent research indicates that
people classified as overweight or obese may have all-cause mortality rates that are
comparable to, or even lower than, those of individuals with a normal weight [8—10].
The health impact of overweight and obesity remain debated, partly because these
anthropometric measurements fail to distinctly separate muscle mass from fat mass
[11,12]. Studies on diabetes and cardiovascular diseases suggest central obesity
is a better predictor of disease risk and mortality than BMI-based general obesity
[13—15]. WWI, an indicator of obesity that has gained attention in recent year, was
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first proposed by Park and colleagues at Korea University College of Medicine in Seoul. WWI adjusts WC for weight, com-
bining WC'’s benefits while reducing its confounding link with BMI [16]. This index not only differentiates between muscle
mass and fat distribution but also addresses the issue of central obesity independently of body weight [17,18]. Studies
have shown that elevated WWI is strongly linked to diseases such as stroke, osteoporosis, cognitive impairment, and
depression [19-22]. Although WWI has proven effective in predicting the risk of various diseases, the potential connection
between WWI and migraines remains unexplored in existing research. Consequently, we carried out a cross-sectional
analysis utilizing information from NHANES conducted from 1999 to 2004 to examine the potential impact of WWI on
migraine prevalence among U.S. adults.

2. Methods
2.1. Study Design

NHANES represents an ongoing cross-sectional research initiative carried out by CDC within the United States [23].
NHANES employs a stratified, multistage probability sampling method to ensure a highly representative sample of U.S.
children and adults for assessing health and nutrition status [24]. The survey operates on a recurring two-year cycle and
includes a diverse range of data, such as demographic details, dietary evaluations, physical assessments, laboratory
analysis, and various other health questionnaires. The study protocol was approved by the National Center for Health Sta-
tistics (NCHS) Research Ethics Review Board, and all participants provided written informed consent [25]. The NHANES
Institutional Review Board (prior to 2003)/NCHS Research Ethics Review Board (2003 and after) approved the NHANES
1999-2004 (NHANES 1999-2004 Protocol #98—12)(https://www.cdc.gov/nchs/nhanes/about/erb.html).

2.2. Study population

Information on migraines and severe headaches was collected exclusively during the NHANES cycles from 1999 to 2004.
Consequently, our cross-sectional study is constrained to data from this six-year period. A total of 31,126 participants
completed the interviews, of which 15,794 were under the age of 20. From the remaining 15,332 participants, we further
excluded pregnant women (n=833), individuals with missing migraine data (n=11), those lacking WC and weight data
(n=1,783), and those with incomplete covariate information (n=3,017). Thus, the final sample comprised 9,688 partici-
pants (Fig 1). Data from this study is publicly accessible at https://www.cdc.gov/nchs/nhanes/.

2.3. Assessment of WWI

WWI is a novel measure of central obesity, with higher values indicating a greater central obesity. This index is derived by
measuring WC (cm) and dividing it by the square root of body mass (kg) (WWI=WC/vweight) [26].Certified health profes-
sionals conducted anthropometric assessments at mobile examination sites, ensuring precise data collection by trained
staff. Weight measurements for participants were obtained using a digital scale while they stood barefoot and wore light
clothing. WC was measured at the intersection of the midaxillary line and the horizontal plane above the right iliac crest
using a tape measure [27]. In this research, WWI was considered as an exposure variable and analyzed both continu-
ously and by quintiles.

2.4. Assessment of migraine

The evaluation of migraines was performed utilizing the NHANES Pain Questionnaire (MPQ). In question 090 of the MPQ,
participants were queried, “In the past three months, have you experienced severe headaches or migraines?” Those

who answered “Yes” were classified as individuals with migraines. Findings from the American Migraine Prevalence and
Prevention (AMPP) study [28], of the participants, 17.4% self-reported “severe headaches,” 11.8% of the patients met the
criteria of the International Classification of Headache Disorders, 2nd Edition (ICHD-II), and 4.6% of the patients met the
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Fig 1. Inclusion and exclusion flow chart.

https://doi.org/10.1371/journal.pone.0323087.9001

criteria for “probable migraine.” Therefore, it is reasonable to classify patients reporting severe headaches or migraines as
suffering from migraines. This diagnostic criterion is widely used in current epidemiological studies [29,30].

2.5. Covariates of interest

Based on existing literature and clinical experience, we identified potential confounders to include as covariates that may
affect the relationship between WWI and migraines. These covariates encompass gender, age (categorized as less than
60 years and 60 years or older), race/ethnicity (Mexican American, non-Hispanic white, non-Hispanic black, other Hispan-
ic,other races), educational level (less than high school, high school, above high school), marital status (married, living
alone, living with a partner), poverty income ratio (PIR) (<1.30, 1.31-3.50, >3.50), smoking status (never smoked, former
smoker, or current smoker), alcohol consumption (yes or no), hemoglobin count, C-reactive protein count, total cholesterol
level, and the existence of diabetes, hypertension, kidney failure, and cardiovascular diseases. For the purposes of this
study, cardiovascular disease is defined as experiencing one or more of the following conditions: coronary heart disease,
heart attack, congestive heart failure, stroke, or angina.

2.6. Statistical analysis

Our study meticulously accounted for the intricate sampling framework and the corresponding sample weights for different
study periods, as detailed in the NHANES analytic guidelines [31]. Consequently, our statistical estimates are more rep-
resentative. For the integrated analysis of the NHANES data from 1999-2000 and 2001-2002, we utilized the four-year
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MEC weight (WTMEC 4YR), while for the 2003—2004 data, we applied the two-year MEC weight (WTMEC 2YR). Follow-
ing NHANES guidelines, we calculated sampling weights for 1999—-2004 by applying 2/3 to the 1999-2002 weight and 1/3
to the 2003-2004 weight.

Continuous variables were expressed as weighted means (standard deviation) or medians (interquartile range), while
categorical variables were summarized as frequencies and percentages. T-tests were used for continuous variables
and ? tests for categorical variables to compare baseline characteristics of individuals with and without migraines. The
relationship between WWI and migraines was examined with weighted multivariable logistic regression across 3 dis-
tinct models to calculate odds ratios (OR) and 95% confidence intervals (Cl). Model 1 included no covariates. Model
2 adjusted for gender, education, marital status, age, PIR, smoking, race, and alcohol consumption. Model 3 further
adjusted for total cholesterol (TC), C-reactive protein (CRP), diabetes, hypertension, kidney failure, hemoglobin (HB),
and cardiovascular disease. WWI was categorized into quintiles (Q1:<10.21; Q2: 10.21-10.71; Q3: 10.72-11.13; Q4:
11.14-11.65; Q5:211.66), with Q1 serving as the reference group. Trend tests were used to assess the linear relation-
ship between WWI and migraines. After Model 3 adjustments, weighted restricted cubic splines (RCS) examined linearity
and the dose-response relationship. A smoothed piecewise logistic regression approach was employed to investigate the
threshold effect of WWI on migraines. Additionally, weighted subgroup analyses were performed to investigate the WWI-
migraine relationship across various strata, including age, race, education level, smoking status, alcohol consumption,
marital status, diabetes, hypertension, gender, and cardiovascular disease. Interaction tests evaluated the stability of this
relationship across different populations. The receiver operating characteristic (ROC) curve and DelLong et al.‘s test com-
pared WW!I’s predictive ability for migraines with that of BMI and WC. All statistical analyses used the R software version
4.3.3, with a significance level set at a two-sided p-value <0.05.

3. Results
3.1. Weighted baseline characteristics

This study included 9,688 individuals from the 1999—-2004 NHANES dataset. When the complex sampling design of
NHANES was taken into consideration, the weighted population for the study totaled 148,278,825 people, with an aver-
age age of 46.03 years (x16.38) Among these participants, 31,888,075 individuals (21.50%) were identified as migraine
sufferers, with a male proportion of 49.66%. The mean Weight-Adjusted-Waist Index (WW]I) for all participants was
10.79+0.81cm/vkg. In comparison to individuals without migraine, those suffering from migraines were younger and
exhibited a significantly higher prevalence of females. Furthermore, they had a lower proportion of non-Hispanic whites
and married individuals, as well as lower educational attainment and income levels. Additionally, migraine sufferers were
more likely to smoke and consume alcohol. They also demonstrated a higher prevalence of renal failure, lower levels of
hemoglobin and total cholesterol, and elevated levels of CRP. However, there were no significant differences noted in the
mean WWI or in the prevalence of diabetes, hypertension, and cardiovascular diseases (Table 1).

3.2. Association between WWI and migraine

Weighted multivariable logistic regression showed no significant association between WW!I and migraines across all three
models (Table 2). Specifically, the outcomes were as follows: Model 1: OR=0.96, 95% CI: 0.89-1.04; Model 2: OR=1.09,
95% CI: 0.99-1.20; Model 3: OR=1.03, 95% CI: 0.93—1.14. When stratifying the study population by gender, a substantial
difference emerged in the relationship between WWI and migraine. For women, Model 1: OR=0.89, 95% CI: 0.81-0.98;
Model 2: OR=1.01, 95% CI: 0.89-1.14; Model 3: OR=0.94, 95% CI: 0.82—-1.07. In the fully adjusted Model 3, each unit
increase in WWI was linked to a 22% higher migraine risk in men (OR = 1.22, 95% CI: 1.05-1.42), indicating a positive
correlation. Upon converting WWI into quintiles, participants in the Q2, Q4, and Q5 quintiles exhibited a 15% (OR=1.15,
95% CI: 0.78-1.68), 29% (OR=1.29, 95% CI: 0.87—-1.91), and 30% (OR=1.30, 95% CI: 0.82—2.05) increased risk of
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Table 1. Weighted baseline characteristics of all participants by migraine.

Characteristic Overall Without migraine Migraine p

n 148278824.51 116390749.4 31888075.11

WWI, Mean +SD 10.786 (0.806) 10.792 (0.816) 10.767 (0.767) 0.335
Sex, n (%)

Male 73635078.81 (49.66) 62270130.48 (53.50) 11364948.33 (35.64) <0.001
Female 74643745.70 (50.34) 54120618.92 (46.50) 20523126.78 (64.36)

Age, Mean+SD 46.030 (16.382) 47.178 (16.876) 41.840 (13.645) <0.001
Race, n (%)

Mexican American 10050827.42 (6.78) 7732471.96 (6.64) 2318355.47 (7.27) 0.030
Other Hispanic 8004732.88 (5.40) 5795255.60 (4.98) 2209477.28 (6.93)

Non-Hispanic white 110177556.13 (74.30) 87620449.98 (75.28) 22557106.15 (70.74)

Non-Hispanic black 14115087.69 (9.52) 10638270.84 (9.14) 3476816.85 (10.90)

Others 5930620.38 (4.00) 4604301.02 (3.96) 1326319.36 (4.16)

Education level, n (%)

Less than high school 27214868.86 (18.35) 20178317.15 (17.34) 7036551.72 (22.07) <0.001
High school 38571850.46 (26.01) 29598804.59 (25.43) 8973045.86 (28.14)

More than high school 82492105.18 (55.63) 66613627.66 (57.23) 15878477.52 (49.79)

Marital status, n (%)

Married 88977658.22 (60.01) 71173146.11 (61.15) 17804512.11 (55.83) <0.001
Living alone 50688837.03 (34.18) 39505842.54 (33.94) 11182994.49 (35.07)

Living with a partner 8612329.25 (5.81) 5711760.75 (4.91) 2900568.50 (9.10)

PIR, Mean+SD 3.055 (1.611) 3.164 (1.598) 2.657 (1.598) <0.001
Smoke status, n (%)

Never 73631972.12 (49.66) 57952087.28 (49.79) 15679884.85 (49.17) <0.001
Former 37533337.57 (25.31) 31196332.07 (26.80) 6337005.50 (19.87)

Current 37113514.81 (25.03) 27242330.05 (23.41) 9871184.76 (30.96)

Alcohol status, n (%)

YES 108654516.69 (73.28) 86826044.77 (74.60) 21828471.92 (68.45) 0.001
NO 39624307.82 (26.72) 29564704.63 (25.40) 10059603.19 (31.55)

Haemoglobin, Mean+ SD 14.557 (1.434) 14.620 (1.420) 14.324 (1.459) <0.001
C reactive protein, Mean+SD 0.409 (0.774) 0.394 (0.791) 0.463 (0.709) 0.001
Total cholesterol, Mean+SD 5.235 (1.100) 5.248 (1.109) 5.188 (1.064) 0.045
Diabetes, n (%)

NO 138491998.87 (93.40) 108622825.83 (93.33) 29869173.04 (93.67) 0.517
YES 9786825.64 (6.60) 7767923.57 (6.67) 2018902.07 (6.33)

Hypertensive, n (%)

NO 108111244.14 (72.91) 85180316.37 (73.18) 22930927.77 (71.91) 0.239
YES 40167580.37 (27.09) 31210433.03 (26.82) 8957147.34 (28.09)

Kidney weakness failure, n (%)

NO 145415714.98 (98.07) 114538794.94 (98.41) 30876920.04 (96.83) <0.001
YES 2863109.52 (1.93) 1851954.46 (1.59) 1011155.06 (3.17)

CVD, n (%)

NO 136107748.96 (91.79) 106869229.27 (91.82) 29238519.69 (91.69) 0.898
YES 12171075.55 (8.21) 9521520.13 (8.18) 2649555.41 (8.31)
https://doi.org/10.1371/journal.pone.0323087.t001
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Table 2. The association between WWI and migraine.

Exposure ‘ Model 1[OR (95% Cl)] ‘ Model 2[OR(95% CI)] ‘ Model 3[OR (95% Cl)]
All

WWiI(continuous) ‘ 0.96(0.89,1.04) ‘ 1.09(0.99,1.20) ‘ 1.03(0.93,1.14)
WWiI(quartile)

Q1(<10.21) 1(Ref) 1(Ref) 1(Ref)

Q2(10.21~10.71)

0.99(0.80,1.22)

1.11(0.88,1.41)

1.08(0.85,1.37)

Q3(10.72~11.13)

0.97(0.78, 1.19)

1.24(0.98,1.57)

1.17(0.92,1.48)

Q4(11.14~11.65)

0.94(0.78,1.13)

1.21(0.97,1.51)

1.11(0.88,1.40)

Q5(211.66) 0.86(0.67,1.10) 1.1(0.82,1.48) 0.94(0.70,1.25)
p for tend 0.19 0.23 0.954

Female

WWI(continuous) ‘ 0.89(0.81,0.98) ‘ 1.01(0.89,1.14) ‘ 0.94(0.82,1.07)
WWiI(quartile)

Q1(<10.21) 1(Ref) 1(Ref) 1(Ref)

Q2(10.21~-10.71)

1.06(0.77,1.45)

1.1(0.78,1.55)

1.06(0.75,1.50)

Q3(10.72~11.13)

0.89(0.67,1.19)

0.99(0.72,1.35)

0.9(0.66,1.25)

Q4(11.14~11.65)

0.94(0.75,1.20)

1.11(0.85,1.44)

1(0.76,1.31)

Q5(211.66) 0.71(0.53,0.97) 0.95(0.65,1.39) 0.79(0.55,1.14)
p for tend 0.012 0.866 0.192

Male

WWiI(continuous) 11.01(0.89,1.15) 11.28 (1.11,1.48) 11.22 (1.05,1.42)
WWI(quartile)

Q1(<10.21) 1(Ref) 1(Ref) 1(Ref)

Q2(10.21~10.71)

0.97(0.70, 1.36)

1.16(0.80,1.69)

1.15(0.78,1.68)

Q3(10.72~11.13)

1.16(0.87, 1.54)

1.7(1.21,2.39)

1.69(1.19,2.40)

Q4(11.14~11.65)

0.93(0.68, 1.26)

1.37(0.96,1.97)

1.29(0.87,1.91)

Q5(211.66)

0.96(0.66, 1.40)

1.49(0.95,2.33)

1.3(0.82,2.05)

p for tend

0.87

0.019

0.085

Model 1: no adjustment for any covariates

Model 2: adjusted for age,race,education level,marital status,PIR,smoking status,alcohol consumption

Model 3: adjusted for Model 2 covariates and HB,CRP,TC, Diabetes, hypertension, kidney failure, CVD

Abbreviations: PIR,ratio of family income to poverty, HB,haemoglobin,CRP, C reactive protein, TC, Total cholesterol, CVD, Cardiovascular disease.

https://doi.org/10.1371/journal.pone.0323087.t002

migraine, respectively, compared to those in Q1; however, these results were not statistically significant (p>0.05). Partic-
ipants in Q3 showed a significant 69% higher migraine risk (OR = 1.69, 95% Cl: 1.19-2.40, p<0.05). All trend tests were
non-significant (p for trend>0.05).

3.3. Dose-relationship between WWI and migraine

In the completely adjusted Model 3, RCS analysis indicated a non-linear, inverted U-shaped dose-response correlation
between WWI and the prevalence of migraines in male participants (p for non-linearity=0.004) (Fig 2). Additionally, a
threshold point was identified at 10.95 (95% CI: 10.917—10.983). Prior to this threshold, WWI demonstrated a positive
correlation with migraine prevalence (p=0.015), indicating that each unit increase in WWI was associated with a 36.5%
higher risk of migraine (OR=1.365, 95% CI: 1.063—1.753). Beyond this threshold, a negative association was noted
(OR=0.927, 95% CI: 0.65—1.32); nevertheless, this connection was not statistically significant (Table 3).
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Fig 2. The RCS curve of the association between WWI and migraine among male participants.

https://doi.org/10.1371/journal.pone.0323087.9002

Table 3. Threshold effect analysis of the relationship of WWI with migraine among males.

wwi Adjusted Model p-value
<10.95 1.365 (1.063~1.753) 0.015
210.95 0.927 (0.65~1.322) 0.675
Likelihood Ratio test 0.007

https://doi.org/10.1371/journal.pone.0323087.t003

3.4. Subgroup analysis

Among male participants, we conducted weighted subgroup analyses and interaction tests stratified by age (<60

years, 260 years), poverty income ratio (PIR) (<1.30, 1.31-3.50, 2 3.51), educational attainment (less than high school,
high school, more than high school), marital status (married, living alone, living with a partner), smoking status, alcohol
consumption, diabetes, hypertension, and cardiovascular disease. These analyses examined whether the WWI-migraine
association remained consistent across subgroups. According to the forest plot (Fig 3), a significant interaction was
observed exclusively in the age-stratified subgroups (p for interaction=0.018). A positive correlation between WWI and
migraine was observed in participants under 60, living alone, current smokers, alcohol consumers, non-diabetics, non-
hypertensive, and those without cardiovascular disease (p <0.05).
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Fig 3. Subgroup analysis for the association between WWI and migraine.
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Fig 4. ROC curve analysis for predicting migraine.Delong’s test compares AUC.

https://doi.org/10.1371/journal.pone.0323087.9004

Table 4. Performance of WWI and traditional obesity parameters in predicting the risk of migraine.

Variables AUC 95%Cl low 95%ClI upp Sensitivity Specificity Cutoff value p for different in AUC
WWI 0.53 0.51 0.55 0.68 0.38 11.10 Reference

wcC 0.51 0.48 0.53 0.16 0.88 83.55 0.012

BMI 0.50 0.47 0.52 0.13 0.91 21.66 0.005

https://doi.org/10.1371/journal.pone.0323087.t004

3.5. ROC analysis

ROC curves were generated, and the AUCs were determined to assess the predictive abilities of WWI, WC, and
BMI for migraine (Fig 4). Our results showed that the AUC of WWI in predicting migraine was superior to that of
both WC and BMI. The AUC differences between WWI and WC (p=0.012) and between WWI and BMI (p=0.005)
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were significant,suggesting that WWI serves as a more effective predictive marker for migraines than WC and BMI
(Table 4).

4. Discussion

To our knowledge, this is one of the first studies to examine the association between WWI and migraine, providing new
insights into how central obesity relates to migraine. In this cross-sectional analysis, we examined data from a represen-
tative group of 9,688 American adults (weighted population: 148,278,824) and found a significant difference between
genders concerning the connection between WWI and migraine. Specifically, no significant association was found in
female participants, whereas an inverted U-shaped non-linear positive correlation was evident in male participants. After
adjusting for potential confounders, an increase of 1 unit in WWI was linked to a 22% rise in the risk of migraine among
male participants , but no significant association was observed in females. Further analysis identified a threshold of
10.95 cm/vkg; notably, the risk of migraine increased with rising WWI up to this threshold, beyond which no further associ-
ation was observed. Subgroup analysis revealed an interaction between age and the association of WWI with migraine in
male participants.

Several studies investigating the relationship between obesity and migraine have yielded contradictory conclusions.
Consistent with our findings in female participants, a large prospective study involving 19,162 middle-aged women
revealed no substantial link between obesity and migraine over a follow-up duration of 12.9 years (HR 1.00, 95% ClI:
0.83—1.19) [32]. Similarly, Mattson’s report involving 684 Swedish women aged 40-74 found no relationship between
migraine and obesity [33]. All of the aforementioned studies are based on BMI as a measure of total body obesity (TBO).
Research examining the association between central obesity and migraine has predominantly focused on WC. Peterlin et
al. demonstrated a positive correlation between central obesity and the prevalence of migraine, but this correlation was
restricted to individuals aged 55 years and younger. For those older than 55, the incidence of migraine was no longer
linked to central obesity in males, while it decreased in females [34]. This finding aligns with the conclusions drawn from
our male participants. In a health study involving 33,176 individuals from Norway, it indicated that individuals with cen-
tral obesity—characterized by a WC exceeding 88 cm for women and 102 cm for men—faced a 29% heightened risk of
migraine. Stratified analysis revealed that the risk of migraine escalated by 41% in males and 22% in females, with an
increase of 89% for participants younger than 50 years and 26% for those aged 50 years and older [35]. It is notewor-
thy that these waist circumference (WC) cut-off values are derived from populations of European descent and may not
universally apply to all racial and ethnic groups. Future research should incorporate racially adjusted anthropometric
standards to enhance generalizability.Similarly, Rossoni de Oliveira et al. reported that migraine patients with elevated WC
experienced a higher frequency of migraine attacks compared to those with normal WC [36].However, prior research has
pointed out that BMI is not a dependable indicator for evaluating body fat distribution [37], and WC does not distinguish
between subcutaneous and visceral fat. Notably, individuals with low BMI and WC levels can still exhibit visceral obesity
[38]. WWI, a new and easily calculated metric of obesity, integrates the advantages of WC while mitigating the impact of
BMI. It has been shown to have a positive relationship with fat content and an inverse relationship with muscle content,
rendering it a more precise and thorough metric for evaluating abdominal obesity. Our study suggests that WWI has supe-
rior predictive capabilities for migraines in comparison to both BMI and WC.

The pathogenesis of migraine is not fully elucidated, but inflammation plays a significant role in its development [39].
Obesity, particularly the excessive accumulation of visceral adipose tissue (VAT), is strongly associated with increased
chronic systemic inflammation [40]. WWI, as an indicator of central obesity, is closely related to VAT accumulation. Stud-
ies have shown that total VAT volume is significantly greater in men than in women [41]. There are significant sex differ-
ences in human fat distribution, which can powerfully predict disease risk [42,43]. In men, fat is primarily distributed in VAT
around abdominal organs, resulting in an “apple-shaped” body, while women have more subcutaneous adipose tissue
(SAT), leading to a “pear-shaped” distribution [44—46]. VAT has higher metabolic activity than SAT and can secrete more
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pro-inflammatory cytokines (such as IL-6 and TNF-a), thereby triggering systemic inflammation. [47—49]. Due to the higher
proportion of SAT, lower pro-inflammatory state, and greater propensity to absorb circulating free fatty acids and tri-
glycerides, women may have some protection against obesity-related diseases [50]. Furthermore, adipose tissue secretes
various adipokines, such as leptin and adiponectin, which play important roles in inflammation and migraine. Leptin, as

a pro-inflammatory factor, is typically higher in women, but increased VAT in men may lead to a more significant effect of
leptin binding to its receptors, thereby promoting neuroinflammation [51]. Adiponectin has anti-inflammatory effects, and
its levels are generally lower in men than in women and are negatively correlated with VAT [52], In men, elevated WHtR
leads to increased VAT, decreased adiponectin levels, and reduced anti-inflammatory protection, which may increase the
risk of migraine by enhancing inflammatory responses. Conversely, higher adiponectin levels in women may help main-
tain a lower inflammatory state, attenuating the association between WHtR and migraine. Calcitonin gene-related peptide
(CGRP) is an important mediator of the trigeminovascular system, participating in migraine attacks by activating periph-
eral and central sensitization, neurogenic inflammation, and pain signal transmission [53]. Studies have shown that CGRP
levels are significantly elevated in the plasma of obese individuals and are closely related to VAT accumulation [54]. In
men, elevated WHtR may increase the risk of migraine by stimulating CGRP release through VAT-induced increases in
leptin and decreases in adiponectin, thereby enhancing neuroinflammation and vascular reactivity.Sex hormones exhibit
significant sexual dimorphism in regulating fat distribution and metabolic health. Studies have shown that estrogen exerts
metabolic protective effects through multiple mechanisms: In terms of fat distribution, the metabolic protective effect of
estrogen is not only reflected in reducing central/intra-abdominal fat accumulation but also in promoting the metabolic
health of gluteofemoral subcutaneous fat depots. This optimization of regional fat distribution may be an important mech-
anism by which women have a relative metabolic advantage despite having a higher total fat mass [55-57]. From the
perspective of adipose tissue function, estrogen (such as 17B-estradiol) improves white adipose tissue (WAT) function,
reduces adipose tissue dysfunction in obesity and diabetes, promotes adiponectin secretion, and alleviates adipose tissue
inflammation by inhibiting the release of pro-inflammatory cytokines (such as TNF-a and IL-6), thereby effectively reducing
the chronic inflammatory response of visceral fat and the risk of related metabolic diseases [58]. This anti-inflammatory
effect is closely related to the bidirectional effect of estrogen on immune regulation, that is, estrogen inhibits adipose
tissue inflammation by upregulating anti-inflammatory pathways, while androgens exhibit immunosuppressive properties.
This may explain the clinical observation that VAT in men is more likely to induce systemic inflammation and metabolic
complications [57]. Therefore, the anti-inflammatory effect of estrogen may, to some extent, mask the effect of WHtR
changes on migraine in women.

Our study possesses several strengths. It employed a sophisticated multistage probability sampling approach and
benefited from a large number of samples, while controlling for various confounding factors. Moreover, we considered
the dataset weights and used weighted analysis, which improved the reliability and representativeness of our results.
Importantly, this investigation is the inaugural study to explore the possible connection between WWI and migraines in
U.S. adults. In addition, we performed subgroup analyses to clarify the strength of the link between WWI and migraines in
diverse populations.

Nonetheless, our research presents a few constraints.. First, due to the cross-sectional design of NHANES, we cannot
establish a causal relationship between WWI and migraines. Second, there may be measurement errors associated with
weight and WC. While the NHANES questionnaire effectively assesses disease status [59], the diagnosis of migraines
primarily depends on self-reporting by participants, which inevitably introduces reporting bias and may compromise the
accuracy of our conclusions. Third we did not subtype migraines, which restricts our ability to analyze the manifestations
of different types of migraines across various populations. Furthermore, Although many confounders were adjusted, due
to limitations in NHANES data, we were unable to take into account all confounders (e.g., lifestyle, diet, hormones) and
excluded the effects of unknown or non-measurable factors. Subsequent studies ought to emphasize implementing an
extensive, longitudinal prospective investigation to to track adult men with different WWI levels, observe the relationship
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between changes in WWI and the occurrence of migraines over the long term, and assess whether WWI is an indepen-
dent risk factor for migraines.

5. Conclusion

In conclusion, among U.S. adults, WWI is not linked to migraine risk in women; however, it exhibits an inverted U-shaped
nonlinear positive correlation with migraine risk in men, with an inflection point at 10.95cm/vkg. This association varies
across different age groups. In comparison to BMI and WC, WWI shows enhanced predictive abilities for migraines, indi-
cating that it could be a more effective anthropometric indicator.

Age,race,education level,marital status,PIR,smoking status,alcohol consumption, HB,CRP,TC, Diabetes, hypertension,
kidney failure, CVD were adjusted. PIR,ratio of family income to poverty;HB,haemoglobin;CRP, C reactive protein;TC,
Total cholesterol;CVD, Cardiovascular disease.
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