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Interaction between diabetes and body D
mass index on severe headache or migraine
in adults: a cross-sectional study

Sheng Tian', Zhijuan Cheng'?, Heging Zheng'?, Xianhui Zhong'?, Xinping Yu'?, Jingling Zhang®", Lanxiang Wu'**
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Abstract

Background Research on the effects of body mass index (BMI) on severe headache or migraine is limited and
controversial. The aim of this study was to explore the association between BMI and the prevalence of migraine, with
particular interest in diabetes status difference.

Methods The present study used analyzed data from people who participated in the National Health and Nutrition
Examination Survey (NHANES) between 1999 and 2004. Logistic regression models and restricted cubic spline (RCS)
models were applied to investigate the relationship between body mass index and migraine.

Results A total of 10,074 adults aged 20 years or older were included in this study. Body mass index was positively
related to migraine, and the corresponding odds ratio (OR; 95% Cl) was 1.02 (1.01, 1.03; p<0.001). And compared to
participants in the lowest group of body mass index (< 25 kg/m?), the adjusted ORs for migraine in medium group
(25-29.9 kg/mz), and highest group (=30 kg/mz) were 1.14 (95% Cl: 0.98-1.32, p=0.09) and 1.30 (95% Cl: 1.11-1.52,
p=0.0022), respectively. The relationship between BMI and migraine exhibited a linear in overall in the RCS. Our
findings also suggested an interaction between BMI and diabetes. The relationship between BMI and migraine in
adults with diabetes was non-linear. The OR of developing migraine was 1.30 (95% Cl: 1.10-1.54) in individuals with
BMI>29.71 kg/m? in adults with diabetes.

Conclusion A higher body mass index is significantly associated with an increased prevalence of migraine, and
diabetes status can modify the association between them.
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Introduction

Severe headache or migraine is a widespread headache
and disabling disorder that has two main subtypes, dis-
tinguished by frequency as episodic migraine (<15 days
per month) and chronic migraine (15 or more days per
month) lasting for at least 3 months [1]. The prevalence
of different types of headaches such as migraine ranges
from 7 to 16% in different countries [2]. In particular,
migraine is a common source of morbidity in the US
population, and its burden is enormous [3]. A grow-
ing number of studies have showed gender differences
in migraine. It is widely believed that migraine is two to
three times more common in women than in men [4, 5].
A study has shown that migraine is the leading cause of
disability in adults under the 50 years of age in terms of
disability life expectancy [6]. Given the considerable bur-
den that migraine imposes on populations in the United
States and elsewhere, understanding the potentially mod-
ifiable risk factors for this condition is crucial to helping
decrease the morbidity associated with it. In recent years,
researchers have examined the possible relationship
between obesity and migraine [7, 8]. Because of the rapid
increase in obesity rates in the United States, it would
be quite meaningful to explore the possible associations
between body mass index and migraine.

The results of previous cross-sectional studies regard-
ing the possible association between BMI and migraine
have been controversial. In a cross-sectional study of
50,347 Canadian men and women aged 20-64 years,
migraine was not observed to be significantly associated
with BMI<18.5 kg/m?* or 30 kg/m? [9]. In the 1990s, a
study of 1932 American men and women showed that
BMI was significantly and positively related to OR value
of incident [5.28(1.3-21.1)] and prevalent [1.34(1.0-1.8)]
migraine. Also, obese patients with episodic migraine are
more likely to transition to chronic daily migraine than
patients with normal weight [10]. And diabetes has been
reported to be a risk factor in migraine. Therefore, elu-
cidating the relationship between BMI and migraine,
as well as the relationship between the two in diabetic
populations, may help propose individualized strategies
to diminish the negative impact of migraine on public
health.

This study examined the relationship between BMI
and migraine in adults by utilizing data from NHANES.
According to the results found in this database, we
hypothesized a positive association between BMI and
migraine. Subgroup analyses were conducted to evaluate
possible effect modification of the association between
BMI and migraine. Furthermore, we also revealed a dose-
response relationship between BMI and migraine.
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Methods

Study participants

This study analyzed data from the NHANES 1999-2004,
included by the Centers for Disease Control (CDC) and
the National Center for Health Statistics (NCHS). The
NHANES is a series of stratified, multi-stage probabil-
ity surveys for the representative non-institutionalized
US civilians to assess the health and nutritional status
of adults and children. Demographics, dietary surveys,
physical exams, laboratory tests, and other health-related
questions are included in NHANES. The study design
of NHANES 1999-2004 were approved by the Ethics
Review Committee of the National Center for Health Sta-
tistics. Methodological details of the NHANES are found
at https://www.cdc.gov/nchs/nhanes/index.htm.

Given that the questionnaire of migraine or severe
headache status Questionnaire was only collected
between 1999 and 2004, we performed a cross-sectional
study in NHANES for those years. These study cycles
were combined for our study, which obtained a total of
31,126 participants, and our study was limited to adults
20 years of age or older. We excluded pregnant women
and individuals with missing values, such as migraine
questionnaires and BMI data. In the end, 10,074 partici-
pants included in this study (Fig. 1).

Migraine classification

The identification of migraine was assessed based on the
self-reported to the NHANES Miscellaneous Pain Ques-
tionnaire (MPQ), where question MPQO090 asked, “In
the past three months, did you have severe headaches
or migraines?” We divided participants who answered
‘ves’ into those with migraine. And we can consider
that the majority of participants with severe headache
has migraine, which is consistent with the results of the
American Migraine Prevalence and Prevention (AMPP)
study. The study showed that 17.4% of individuals
reported “severe headache’, of which 11.8% met the Inter-
national Headache Disorder Type II (ICHDII) criteria for
migraine, 4.6% met the criteria for “probable migraine’,
and only 1% were identified as “other severe headache”
[11].

Body mass index assessment and potential covariates

In the mobile examination center (MEC), a physi-
cal examination of the individual was performed to
obtain information about the participant’s BMI, includ-
ing height, weight. BMI is calculated by dividing weight
(kg) by the square of height (m), rounded to two decimal
places. According to the classification reported in previ-
ous literature, BMI was classified into three categories:
<25.0 kg/m?, 25.0-29.9 kg/m?* and >30.0 kg/m? [12, 13].
Various potential covariates were included based on
the exited literature [14-17]. Demographic covariates
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Participants who completed
the survey (N=31126)
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Fig. 1 Inclusion and exclusion flow chart

included age, sex, race, marital status (married, living
alone), education level (<high school, high school, >high
school), and family income, which were obtained by self-
report during interviews with the researcher [18, 19]. The
poverty income ratio (PIR) divided family income into
three categories: low (PIR<1.3), medium (PIR>1.3~3.5)
and high (PIR>3.5) [20]. C-reactive protein (CRP)
was quantified through latex-enhanced nephelometry.
According to previous descriptions in the literature,
drinking and smoking status was classified as never,
current and former. History of stroke, hypertension,
coronary heart disease or diabetes was also evaluated as
self-reported physician diagnosis of stroke, hypertension,
coronary heart disease or diabetes [21].

Statistical analyses

No statistical power calculations were performed before
data analysis, and the sample size was all public data from
NHANES. MEC weights, primary sampling units and
strata information were exerted in the statistical analy-
sis. For the joint analysis of the NHANES 1999-2000
and 2001-2002 data, we used the 4-year MEC weight
(WTMEC4YR) set. For the 2003—2004 data, we used the
2-year MEC exam weight (WTMEC2YR) set. According
to the analytical guidelines found on the NHANES web-
site, we calculated sampling weights for 1999-2004=2/3
of the 1999-2002 weight or 1/3 of the 2003-2004
weight [22]. Continuous variables were described by

sample-weighted means (standard error, SE), while cat-
egorical variables were reported as sample-weighted
percentages and frequencies. To compare the differences
between different groups, One-way analyses of variance
(continuous variables) and Chi square tests (categori-
cal variables) were conducted. Multiple logistic regres-
sion models were used to evaluate odd ratios (ORs) with
95% confidence intervals (Cls) of migraine at different
groups of body mass index before or after adjustment of
confounders. The lowest group of body mass index was
considered as the reference group. Next, potential modi-
fications of the relationship between body mass index
and migraine were evaluated for the following variables:
diabetes, sex, age (20-50, >50years).

Furthermore, restricted cubic spline (RCS) regres-
sion was applied to examine the nonlinear relationship
between body mass index and migraine. Body mass index
was taken as continuous variables to be included in the
model. After adjusting for all potential confounding vari-
ables, we used a two-piece-wise logistic regression model
with smoothing to explore the threshold for the asso-
ciation between dietary selenium intake and migraine.
Inflection points were identified by using likelihood-ratio
test and the bootstrap resampling method. All statisti-
cal analysis was conducted by using R software (version
4.2.1). Two-sided pvalues<0.05 was considered statisti-
cally significant difference.
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Results

Baseline characteristic

Supplementary materials (Table S1) showed the general
characteristics of the included and excluded partici-
pants. The general characteristics of the 10,074 included
participants based on different groups of body mass
index are demonstrated in Table 1. A total of 2004 par-
ticipants with migraine, while 8070 participants with-
out migraine. The average age of the participants in this
study was 46.36(0.30) years, and 4941 (50.58) participants
were female. Individuals who had higher BMI tended to
be older, female, non-Hispanic White, married, had a
higher educational level, had a high family income, never
smoking, current drinking, had a higher incidence of

Table 1 Population characteristics by categories of body mass index
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hypertension, stroke, coronary heart disease and diabe-
tes, migraine and higher serum CRP levels. As shown in
Table 2, the findings of the univariate analysis demon-
strated that age, sex, race, education level, family income,
smoking status, drinking status, diabetes and C-reactive
protein were related to migraine.

Association between BMI and migraine

The findings of the multi-factor logistic regression mod-
els were shown in Table 3. In the crude, body mass index
was positively associated with migraine. After adjust-
ment by age and sex, the findings of model 1 were gener-
ally consistent with the crude. In the model 2, body mass
index was positively associated with migraine, and the

Characteristic? Body mass index, kg/m?

Total <250 25.0-29.9 >30 Pvalue ®
No. 10,074 3181 3657 3236
Age, years, mean (SE) 46.36(0.30) 43.65(0.39) 48.31(0.40) 47.20(0.40) <0.0001
Sex, n (%) <0.0001
Male 5133(49.42) 1543 (43.59) 2137 (58.19) 1453 (46.08)
Female 4941(50.58) 1638 (56.41) 1520 (41.81) 1783 (53.92)
Marital status, n (%) <0.0001
Living alone 3766(34.50) 1359 (39.55) 1203 (30.12) 1204 (33.79)
Married 6308(65.50) 1822 (60.45) 2454 (69.88) 2032 (66.21)
Race, n (%) <0.0001
Non-Hispanic White 5326(74.17) 1876 (77.01) 1893 (73.54) 1557 (71.73)
Non-Hispanic Black 1835 (9.67) 492(7.78) 581 (8.39) 762 (13.20)
Mexican American 2176 (6.72) 543 (5.36) 902 (7.69) 731 (7.69)
Others 737 (9.44) 270 (9.86) 281(10.39) 186 (7.91)
Education level, n (%) <0.001
<High school 3073(18.72) 859 (16.90) 1201 (19.56) 1013 (19.79)
High school 2393(26.00) 728 (23.72) 840 (26.16) 825 (28.36)
>High school 4608(55.28) 1594 (59.38) 1616 (54.28) 1398 (51.84)
Family income, n (%) <0.001
Low 2761(20.46) 877 (21.48) 944 (17.56) 940 (22.58)
Medium 3904(35.85) 1194 (34.11) 1430 (35.96) 1280 (37.65)
High 3409(43.69) 1110 (44.47) 1283 (46.48) 1016 (39.77)
Smoking status, n (%) <0.0001
Never 5044(49.67) 1579 (49.56) 1801 (48.51) 1664 (51.08)
Current 2258(24.92) 898 (29.96) 714 (22.47) 646 (22.08)
Former 2772(2547) 704 (20.48) 1142 (29.02) 926 (26.84)
Drinking, n (%) <0.0001
Never 1425(12.13) 427 (11.62) 499 (11.05) 499 (13.90)
Current 6565(70.75) 2220 (76.27) 2417 (72.12) 1928 (63.10)
Former 2084(17.12) 534(12.11) 741 (16.83) 809 (22.99)
Diabetes, n (%) 1020 (6.73) 169 (3.26) 366 (5.88) 485 (11.52) <0.0001
Hypertension, n (%) 3326(27.77) 659 (15.46) 1202 (27.89) 1465 (41.31) <0.0001
Stroke, n (%) 331(2.31) 82 (1.60) 129 (2.55) 120 (2.84) 0.003
Coronary heart disease, n (%) 483 (3.74) 116 (2.37) 190 (4.35) 177 (4.58) <0.0001
C-reactive protein, mg/dl, mean (SE) 0.41(0.01) 0.27(0.01) 0.38(0.01) 0.62(0.02) <0.0001
Migraine, n (%) 2004(21.54) 620 (20.48) 658 (19.40) 726 (25.12) <0.0001

2 mean and percentages were weighted. Ppvalue was calculated by weighted one-way analyses of variance for continuous variable and Chi-square test for

categorical variables
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Table 2 Relationship of covariates and migraine risk corresponding odds ratio (OR; 95% CI) was 1.02 (1.01,
Variable OR (95% Cl) Pvalue 1.03; p<0.001). And compared to individuals in the low-
Age (years) 0.97(0.97,098) <0.0001 est group of body mass index (<25 kg/m?), the adjusted
Sex ORs for migraine in medium group (25-29.9 kg/m?), and
Male Reference highest group (>30 kg/m?) were 1.14 (95% CI: 0.98-1.32,
Female 2.04(1.81,2.30) <0000T 5 =0.09) and 1.30 (95% CI: 1.11-1.52, p=0.0022), respec-

Marital status

tively. In the RCS analyses (Figure S1), we found a lin-

;V'”QZ‘O”E Se;:rggze] . 034 ear association between body mass index and migraine
. arme 95(0.85,1.06) ’ (P>0.05). The OR values for the association between
ace o BMI and migraine were elevated with increasing BMI.
Non-Hispanic White Reference
Non-Hispanic Black 1.28(1.07,1.52) 0.008 .
i _ Subgroup analysis
Mexican American 1.16(0.99,1.37) 0.07 Sub Ivsi f dt | th
r nalysi r rform xplor -
Others 1.30(0.97,1.74) 0.08 ubgroup analysis were pertormed to expiore the pos

sible effect modifications of the association between body

Education level
mass index and migraine. After stratification by diabe-

<High school Reference L . K
High school 085(0.74,098) 003 tes, sex and age, a s1gn1ﬁcant 1nte1jact10n was observed
>High school 068(0.580.79) <0.0001 between body mass index and diabetes (Fig. 2). The
Family income multivariate logistic regression model exhibited that the
Low Reference adjusted ORs for migraine were 2.18 (95% CI: 1.08-3.09)
Medium 0,68(0.57,082) <0.0001 and 2.47 (95% CI: 1.66-3.19), respectively. Additionally,
High 047(0.40,0.57) <0.0001 in the participants without diabetes group, we observed
Smoking status that body mass index was also related to the prevalence
Never Reference of migraine, but the OR value appeared to be smaller.
Current 134(1.15,157) <0.001 Finally, although the positive correlation between body
Former 0.77(0.66,0.90) 0.001 mass index and migraine seemed to be stronger among
Drinking male and among participants with 20-50 years old, the
Never Reference interactions were not statistically significant (p for inter-
Current 0.82(0.71,0.96) 001 action=0.51, 0.24, respectively) (Fig. 2).
Former 1.03(0.83,1.30) 076 In the Fig. 3, the restricted cubic spline revealed that
Diabetes a non-linear relationship between body mass index and
no Reference migraine in the diabetes group (P=0.001), using a refer-
yes 141(1.01,2.02) 0.04 ence point of 29.71 kg/m?. Also, in the threshold analy-
Hypertension sis, the OR for migraine was 1.30 (95% CI: 1.10-1.54,
no Reference p=0.003) in individuals with a BMI of >29.71 kg/m?
yes 1.07(0.96,1.18) 0.23 (Table 4). It means that the risk of migraine raised with
Stroke increasing BMI. There was no relationship between
no Reference body mass index and migraine when the body mass
yes 091(0.76,1.08) 027 index<29.71 kg/m? (Table 4). It means that the risk of
Coronary heart disease migraine no longer raised with increasing body mass
no Reference index.
yes 0.71(0.49,1.04) 0.08
C-reactive protein(mg/dl) 1.10(1.04,1.17) 0.001
Data were present as odds ratio (OR) and 95% confidence interval (Cl)
Table 3 Association between body mass index and migraine
BMI (kg/m?) OR (95% Cl)
No. Crude Pvalue Model 1 Pvalue Model 2 Pvalue
Continuous 10074 1.02(1.01,1.03) <0.0001 1.03(1.02,1.03) <0.0001 1.02(1.01,1.03) <0.001
Lowest (< 25) 3181 Reference Reference Reference
Medium (25-29.9) 3657 0.94(0.81,1.08) 0.35 1.17(1.02,1.35) 0.03 1.14(0.98,1.32) 0.09
Highest (=30) 3236 1.30(1.14,1.50) <0.001 1.47(1.29,1.69) <0.0001 1.30(1.11,1.52) 0.0022
P for trend - <0.001 - <0.001 - 0.002 -

Crude was adjusted by nothing. Model 1 was adjusted for age and sex. Model 2 was adjusted for Model 1+marital status, race, education level, family income,
smoking status, drinking, hypertension, coronary heart disease, stroke, diabetes, and C-reactive protein. BMI Body mass index, OR Odds ratio, Cl Confidence interval
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Subgroup No OR (95% CI) Subgroup No OR (95% Cl) P for interaction
Sex : Sex : 0.51
Male \ Female |
Lowest (<25) 1543 1.00 (Ref.) 1 Lowest (<25) 1638 1.00 (Ref.) 1
Medium (25-29.9) 2137 1.26(1.02,1.56) N —_— Medium (25-29.9) 1520 1.09(0.87,1.35) Hom
Highest (230) 1453 1.42(1.15,1.76) : —_—— Highest (230) 1783  1.27(1.04,1.54) :-C—-
Age,years 1 Age,years 1 0.24
20-50 ! >50 !
Lowest (<25) 1833 1.00 (Ref.) : Lowest (<25) 1348 1.00 (Ref.) :
Medium (25-29.9) 1710 1.19(0.98,1.44) —— Medium (25-29.9) 1947 0.89(0.68,1.16) wer
Highest (230) 1650 1.37(1.13,1.67) I —— Highest (230) 1586  1.04(0.79,1.38) b=
Diabetes : Diabetes : 0.03
No | Yes |
Lowest (<25) 3012 1.00 (Ref.) 1 Lowest (<25) 169 1.00 (Ref.) 1
Medium (25-29.9) 3291 1.09(0.93,1.27) -—:—:—- Medium (25-29.9) 366 2.18(1.08,3.09) :-—c—-
Highest (230) 2751 1.26(1.07,1.49) | —— Highest (230) 485 2.47(1.66, 3.19) . —_——
T T

T T T T
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Fig. 2 Effect of body mass index on migraine in different subgroup (sex, age, diabetes). Except the stratification variables themselves, each stratification
factor was adjusted for all other variables (sex, age, marital status, race, education level, family income, smoking status, drinking, hypertension, coronary

heart disease, stroke, diabetes, and C-reactive protein)

2.54

N = N
o 33} o

Multivariate-adjusted Odds Ratios of migraine

Il
o

P non-linear=0.001

40
Body mass index(diabetes, kg/m?)

Fig. 3 Association between body mass index and migraine odds ratio in diabetes group. The model was adjusted for sex, age, marital status, race, educa-
tion level, family income, smoking status, drinking, hypertension, coronary heart disease, stroke and C-reactive protein

Table 4 Threshold effect analysis of the association of body
mass index with migraine in adults with diabetes
Body mass index kg/m? Adjust OR (95% Pvalue

cl)
<29.71 1.04(0.99,1.09) 0.11
>29.71 1.30(1.10,1.54) 0.003
Log-likelihood ratio test 0.02

Data were present as odds ratio (OR) and 95% confidence interval (Cl). Fully
adjusted for sex, age, marital status, race, education level, family income,
smoking status, drinking, hypertension, coronary heart disease, stroke and
C-reactive protein

Discussion

In present cross-sectional study, we offered the nationally
representative evidence of the association between body
mass index and migraine in American adults. In this
nationally representative cross-sectional study, we found
a positive relationship between body mass index and
migraine. The results were not modified by sex, by age.
However, diabetes can modify the relationship between
body mass index and migraine. Particularly, the increased
body mass index was related to a significantly higher risk
of migraine in the diabetes group, but this positive rela-
tionship between body mass index and migraine seemed
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to be smaller in without diabetes group. And we found
a non-linear association between body mass index and
migraine in the diabetes group (P=0.001).

The effect of BMI on migraine has only been descripted
in a few studies. An observational study in Iran observed
that migraineurs with higher BMI experienced higher
headache frequency, severity and duration as well as
higher disability score [23]. A case-control study in China
found a significant difference between BMI and migraine
attack frequency and that migraineurs were tended to be
overweight, obese or morbidly obese compared to the
healthy group [24]. A recent meta-analysis found that
obese individuals had a significantly increased risk of
migraine compared to individuals with a normal BML
Also, there was a non-linear relationship between BMI
and migraine, with an elevated risk at BMI values>29
[25]. It is noteworthy that all of the researches above
studies were mostly case-control studies or case series,
and no additional study has been conducted to evaluate
the association between BMI and migraine in the general
population. Therefore, NHANES affords us the excellent
chance to verify the existence of a positive association
between BMI and migraine, which will provide a basis for
further determination of the effect of BMI on migraine.

The results of our nationally representative study pro-
vide new insights. Firstly, this study offered epidemio-
logical evidence of a significant association between body
mass index and migraine in a general population across
the United States, compared to previous studies with
small samples. Secondly, we observed that there was
an interaction between diabetes and body mass index,
and that diabetes can modify the association between
body mass index and migraine (P for interaction=0.03).
Body mass index was significantly associated with an
increased incidence of migraine in individuals with dia-
betes, but positive relationship between them appeared
to be smaller in participants without diabetes. Leptin is
an important adipose tissue-derived hormone that is
involved in the pathophysiological mechanisms of diabe-
tes [26]. It has been shown that serum leptin levels are
significantly elevated in obese diabetic patients and it
is believed that elevated serum leptin levels are associ-
ated with an increased risk of diabetes [27, 28]. A study
revealed that in obese individuals, serum leptin levels
were higher and positively correlated with BMI [29].
Furthermore, elevated leptin level is thought to induce
the secretion of pro-inflammatory factors (IL-6 and
TNE- a) and NO that play a role in migraine through the
NF-«p signaling pathway [30, 31]. And the current find-
ings found that administration of leptin to Wistar rats
could diminish the threshold of pain [32]. Thus, par-
ticipants with diabetes may have higher levels of serum
leptin than those without diabetes, which may explain
why BMI is more significantly associated with migraine
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in participants with diabetes. And in the present study,
the results of RCS showed that ORs increased signifi-
cantly (>1.00) individuals with diabetes, when BMI was
greater than 29.71 kg/m? This result was supported by
the threshold effect analysis. Therefore, the positive asso-
ciation between body mass index and migraine may be
stronger in obese diabetic individuals. In sum, the posi-
tive association between BMI and migraine in individuals
with diabetes is important to propose an individualized
strategy for migraine prevention in adults.

Although the underlying mechanism of the positive
relationship between BMI and migraine is unclear, it
seems reasonable in terms of biology. Obesity is a low-
grade inflammation that is presented by elevated con-
centrations of circulating cytokines such as C-reactive
protein, tumor necrosis factor-a) and interleukins such as
IL-6 [33]. Inflammation has been perceived as a possible
causal mechanism for migraine [34, 35]. Moreover, con-
centrations of calcitonin gene-related peptide (CGRP)
were elevated in the obese individuals and were higher
in patients with migraine and other headaches type than
in those without headaches symptoms [36, 37]. A study
has found that neuropeptides and their receptors are the
main important targets for migraine treatment due to the
important role of CGRP in the pathogenesis of migraine
[38]. Also, it has been proposed that administration
of CGRP induces the accumulation of fat in an animal
model of obesity [39]. And substance P (SP), another
factor that may play a role in migraine attack pathogen-
esis, has also been observed in adipose tissue and exerts
a role in the onset of fat accumulation and obesity-
associated inflammatory cascade [40]. Thus, these find-
ings showed that the inflammatory properties of obesity
(BMI>30 kg/m?) may contribute to its adverse effects on
migraine.

There are some limitations that must be taken into
account in this study. First of all, because of the popula-
tion observed in this study was American and did not
include special populations, we were unable to analyze
special individuals or other races due to the limited sam-
ple size. Thus, the general applicability of these results
remains to be examined. In addition, the identification
of migraine was limited to a single question of migraine
or severe headache within the past 3 months. Therefore,
it is quite difficult to analyze the different subgroups of
migraine separately. Nonetheless, previous studies have
supported the consistency of this migraine assessment
with criteria for migraine and possible migraine, as well
as others who have published articles on migraine with
this dataset on the basis of supporting data from the
American Migraine Prevalence and Prevention Study [11,
41]. Therefore, these data provide meaningful insight into
the otherwise lack of epidemiologic data linking BMI and
migraine. Secondly, Data specific to type of diabetes were
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not included in the NHANES data, which is consistent
with previous studies [42, 43]. As a result, it is not pos-
sible to distinguish the types of diabetes. And we cannot
eliminate the effect of nonrandom missing data on the
results, because of baseline differences between included
and excluded participants. Third, we cannot exclude the
possibility that the observed relationships are due to
unmeasured confounders, although we have adjusted for
many confounding variables. Finally, the present study
was a cross-sectional study, which meant that causal
inferences cannot be made. Therefore, we will need to
conduct the prospective cohort study to obtain more
accurate evidence.

This study presented several novelties and advantages.
At first, this study provided epidemiological evidence of
the significant association between body mass index on
migraine in a representative general population across
the United States. Secondly, with the adjustments for
potential confounding factors, our conclusions are more
realistic. And, subgroup analyses were performed in sev-
eral subgroups to identify any existing differences. Fur-
thermore, we evaluated the dose-response effect of body
mass index on migraine and provided practical recom-
mendations. Third, studies on the positive association
between body mass index and migraine are relatively
rare. In addition, no previous studies on the interaction
between body mass index and diabetes on migraine have
been published. This study indicated that reducing body
mass index may help prevent migraine.

Conclusions

In conclusion, we found a positive relationship between
body mass index and severe headache or migraine, and
the association was non-linear in the diabetes group.
Especially, the positive correlation between body mass
index and severe headache or migraine is stronger in
individuals with the diabetes than in those without dia-
betes. Therefore, improving diabetes status may alter the
effect of body mass index on migraine, which is signifi-
cant for proposing individualized prevention strategies
for migraine.

Abbreviations

AMPM Automated Multiple Pass Method

AMPP American Migraine Prevalence and Prevention
BMI Body mass index

CRP C-reactive protein

ICHDII International Headache Disorder Type I

MPQ Miscellaneous Pain Questionnaire

NCHS National Center for Health Statistics

NHANES  National Health and Nutritional Examination Survey
PIR Poverty income ratio

RCS Restricted cubic spline

USDA United States Department of Agriculture

Page 8 of 9

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512877-024-04657-3.

Supplementary Material 1: Table S1. Basic characteristics of excluded
and included participants

Supplementary Material 2: Figure S1. Association between body mass
index and migraine odds ratio in overall. The model was adjusted for sex,
age, marital status, race, education level, family income, smoking status,
drinking, hypertension, coronary heart disease, stroke, diabetes and C-
reactive protein

Acknowledgements
Not applicable.

Author contributions

JLZ, LXW and WW designed and revised the manuscript. ST conducted
data analysis and wrote the manuscript. ZJC, HQZ and XHZ collected data.
XPY edited the manuscript and interpreted the results. All authors read and
approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(Grant numbers: 82160227,82360234), Natural Science Foundation of Jiangxi
Province (Grant numbers: 20224BAB206036), Jiangxi Provincial Department

of Education Science and Technology Program Project (Grant numbers:
GJJ210125), and Jiangxi Province Postgraduate Innovation Special Fund (Grant
numbers: YC2022-B065).

Data availability
This study analyses publicly available data. The raw data can be found in the
repository here: https://www.cdc.gov/nchs/nhanes/index.htm.

Declarations

Ethics approval and consent to participate

All NHANES protocols was approved by the Research Ethics Review Board
of the National Center for Health Statistics. Written informed consent was
provided by all participants at the time of the survey.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 August 2023 / Accepted: 2 January 2024
Published online: 19 January 2024

References

1. Headache Classification Committee, Olesen J, Bousser MG, Diener HC, Dodick
D, First M. New appendix criteria open for a broader concept of chronic
migraine. Cephalalgia. 2006;26(6):742-6.

2. Unger J. Migraine headaches: a historical prospective, a glimpse into the
future, and migraine epidemiology. Dis Mon. 2006;52(10):367-84.

3. Ford ES, Li C, Pearson WS, Zhao G, Strine TW, Mokdad AH. Body mass index
and headaches: findings from a national sample of US adults. Cephalalgia.
2008;28(12):1270-6.

4. Burch R, Rizzoli P, Loder E. The prevalence and impact of migraine and severe
headache in the United States: updated age, sex, and socioeconomic-specific
estimates from government health surveys. Headache. 2021,61(1):60-8.

5. Lipton RB, Stewart WF. Migraine headaches: epidemiology and comorbidity.
Clin Neurosci. 1998;5(1):2-9.

6. SteinerTJ, Stovner LJ,Vos T. GBD 2015: migraine is the third cause of disability
in under 50s. J Headache Pain. 2016;17(1):104.


https://doi.org/10.1186/s12877-024-04657-3
https://doi.org/10.1186/s12877-024-04657-3
https://www.cdc.gov/nchs/nhanes/index.htm

Tian et al. BMC Geriatrics

20.

21

22.

23.

24.

25,

26.

(2024) 24:76

Peres MF, Lerdrio DD, Garrido AB, Zukerman E. Primary headaches in obese
patients. Arq Neuropsiquiatr. 2005;63(4):931-3.

Bigal ME, Liberman JN, Lipton RB. Obesity and migraine: a population study.
Neurology. 2006;66(4):545-50.

Gilmore J. Body mass index and health. Health Rep. 1999;11(1):31-43. Eng);
33-47(Fre). English, French.

Scher Al, Stewart WF, Ricci JA, Lipton RB. Factors associated with the onset
and remission of chronic daily headache in a population-based study. Pain.
2003;106(1-2):81-9.

Buse DC, Loder EW, Gorman JA, Stewart WF, Reed ML, Fanning KM, Serrano D,
Lipton RB. Sex differences in the prevalence, symptoms, and associated fea-
tures of migraine, probable migraine and other severe headache: results of
the American Migraine Prevalence and Prevention (AMPP) study. Headache.
2013,53(8):1278-99.

Lin S, Shen Y. Dietary carotenoids intake and depressive symptoms in US
adults, NHANES 2015-2016. J Affect Disord. 2021;282:41-5.

Mao W, Zhang L, Sun S, Wu J, Zou X, Zhang G, Chen M. Physical activity
reduces the effect of high body mass index on kidney stones in diabetes
participants from the 2007-2018 NHANES cycles: a cross-sectional study.
Front Public Health. 2022;10:936552.

Aljaafari D, Ishaque N, Al-Shabeeb G, Alalwi S, Albakr A, Basheir O, Alyoubi
RA, Alkhamis F, Alabdali M. Body mass index and its association with various
features of migraine: a cross-sectional study from Saudi Arabia. Ann Afr Med.
2021,20(4):288-92.

GanWQ, Estus S, Smith JH. Association between overall and mentholated
cigarette smoking with headache in a nationally representative sample.
Headache. 2016;56(3):511-8.

Khorsha F, Mirzababaei A, Togha M, Mirzaei K. Association of drinking water
and migraine headache severity. J Clin Neurosci. 2020;77:81-4.

Pogoda JM, Gross NB, Arakaki X, Fonteh AN, Cowan RP, Harrington MG.
Severe headache or migraine history is inversely correlated with dietary
sodium intake: NHANES 1999-2004. Headache. 2016;56(4):688-98.

Meng SH, Zhou HB, Li X, Wang MX, Kang LX, Fu JM, et al. Association between
dietary iron intake and serum ferritin and severe headache or migraine. Front
Nutr. 2021;8:685564.

Meng SH, Wang MX, Kang LX, Fu JM, Zhou HB, Li X, et al. Dietary intake of
calcium and magnesium in relation to severe headache or migraine. Front
Nutr. 2021,8:653765.

Liu H,Wang L, Chen C, Dong Z, Yu S. Association between dietary niacin
intake and migraine among American adults: national health and nutrition
examination survey. Nutrients. 2022;14(15):3052.

Chou MH, Yang YK, Wang JD, Lin CY, Lin SH. The association of serum and
dietary magnesium with depressive symptoms. Nutrients. 2023;15(3):774.
National Health and Nutrition Examination Survey. Analytical Guidelines
[cited 2023 31 January]. Available from: https://wwwn.cdc.gov/nchs/nhanes/
analyticguidelines.aspx

Togha M, Haghdoost F, Khorsha F, Razeghi Jahromi S, Ghorbani Z. Body mass
index and its association with migraine characteristics in female patients.
Arch Iran Med. 2019;22(10):554-9.

Huang Q Liang X, Wang S, Mu X. Association between body mass index

and migraine: a survey of adult population in China. Behav Neurol.
2018;2018:6585734.

Martami F, Jayedi A, Shab-Bidar S. Primary headache disorders and body
mass index categories: a systematic review and dose-response meta-analysis.
Headache. 2022,62(7):801-10.

Kazmi A, Tarig KM, Hashim R. Association of leptin with type 2 diabetes in
non-obese subjects. J Ayub Med Coll Abbottabad. 2012;24(3-4):186-9.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 9

Khan Z, Ghaffar A, Kainat T, Arabdin A, Rehman Orakzai M. Correlation
between serum leptin level and body mass index (BMI) in patients with type
2 diabetes mellitus. J Pak Med Assoc. 2020;70(1):3-6.

Wannamethee SG, Lowe GD, Rumley A, Cherry L, Whincup PH, Sattar

N. Adipokines and risk of type 2 diabetes in older men. Diabetes Care.
2007;30(5):1200-5.

Al Maskari MY, Alnagdy AA. Correlation between serum leptin levels,

body mass index and obesity in omanis. Sultan Qaboos Univ Med J.
2006;6(2):27-31.

Peterlin BL. The role of the adipocytokines adiponectin and leptin in
migraine. J Am Osteopath Assoc. 2009;109(6):314-7.

Bigal ME, Lipton RB, Holland PR, Goadsby PJ. Obesity, migraine, and

chronic migraine: possible mechanisms of interaction. Neurology.
2007,68(21):1851-61.

Kutlu S, Canpolat S, Sandal S, Ozcan M, Sarsilmaz M, Kelestimur H. Effects of
central and peripheral administration of leptin on pain threshold in rats and
mice. Neuro Endocrinol Lett. 2003;24(3-4):193-6.

Power C, Miller SK, Alpert PT. Promising new causal explanations for obesity
and obesity-related diseases. Biol Res Nurs. 2007;8(3):223-33.

Martelletti P, Stirparo G, Giacovazzo M. Proinflammatory cytokines in cervico-
genic headache. Funct Neurol. 1999;14(3):159-62.

Perini F, D’Andrea G, Galloni E, Pignatelli F, Billo G, Alba S, Bussone G,

Toso V. Plasma cytokine levels in migraineurs and controls. Headache.
2005;45(7):926-31.

Zelissen PM, Koppeschaar HP, Lips CJ, Hackeng WH. Calcitonin gene-related
peptide in human obesity. Peptides. 1991;12(4):861-3.

Goadsby PJ, Edvinsson L, Ekman R. Vasoactive peptide release in the
extracerebral circulation of humans during migraine headache. Ann Neurol.
1990;28(2):183-7.

Edvinsson L, Haanes KA, Warfvinge K, Krause DN. CGRP as the target of new
migraine therapies - successful translation from bench to clinic. Nat Rev
Neurol. 2018;14(6):338-50.

Walker CS, Li X, Whiting L, Glyn-Jones S, Zhang S, Hickey AJ, Sewell MA, Rug-
giero K, Phillips AR, Kraegen EW, et al. Mice lacking the neuropeptide alpha-
calcitonin gene-related peptide are protected against diet-induced obesity.
Endocrinology. 2010;151(9):4257-69.

Bond DS, Roth J, Nash JM, Wing RR. Migraine and obesity: epidemiology, pos-
sible mechanisms and the potential role of weight loss treatment. Obes Rev.
2011;12(5):e362-71.

Slavin M, Li H, Khatri M, Frankenfeld C. Dietary magnesium and migraine

in adults: a cross-sectional analysis of the national health and nutrition exami-
nation survey 2001-2004. Headache. 2021;61(2):276-86.

Wu Z, Li M, Liu J, Xie F, Chen Y, Yang S, et al. Association study of urinary
jodine concentrations and coronary artery disease among adults in the
United States: NHANES 2003-2018. Br J Nutr. 2023;10:1-24.

Tian S, Wu L, Zheng H, Zhong X, Liu M, Yu X, Wu W. Association between
dietary folate intake and severe headache among adults in the USA: a cross-
sectional survey. Br J Nutr. 2023;20:1-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx

	﻿Interaction between diabetes and body mass index on severe headache or migraine in adults: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study participants
	﻿Migraine classification
	﻿Body mass index assessment and potential covariates
	﻿Statistical analyses

	﻿Results
	﻿Baseline characteristic
	﻿Association between BMI and migraine
	﻿Subgroup analysis

	﻿Discussion
	﻿Conclusions
	﻿References


