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Aims: To investigate the association between glucose and insulin metabolism
and migraine, as well as between diabetes mellitus (DM) and migraine, at a
Chinese community level. Methods: A community-based, case-control study
was performed in Heihe City, China. A survey was conducted door to door
by eight trained investigators. Migraine was diagnosed using the International
Classification of Headache Disorders (ICHD-III) beta criteria. A total of 2,023
participants completed a questionnaire, underwent a physical examination,
and donated fasting blood. After excluding 191 with reported DM, 1,832
participants were included in the study. Of these, 86 participants with migraine
and 95 without migraine participated in a 75-g oral glucose tolerance test.
Glycosylated hemoglobin (HbAlc) was assessed at O minutes and serum
glucose and insulin levels were measured at O, 30, 60, and 120 minutes after
glucose loading. Data with skewed distributions were compared using rank
sum test, and the associations between DM and migraine were analyzed with
logistic regression. Results: There were no significant differences in HbATlc,
homeostatic model assessment-insulin resistance (HOMA-IR), B-cell function
index of HOMA, or quantitative insulin sensitivity check index (QUICKI) between
the participants with migraine and without migraine. When participants without
migraine were classified into DM, prediabetes, and normal glucose subgroups
and compared with the corresponding migraine subgroups, participants in
the migraine subgroup with prediabetes presented higher levels of fasting
insulin and HOMA-IR and a lower QUICKI than the nonmigraine subgroup with
prediabetes. Moreover, DM was negatively associated with migraine in the 181
subjects who participated in the OGTT; however, no association was found
when all 1,832 participants were considered. Conclusion: Insulin resistance
seems to exist in individuals with both migraine and prediabetes, and there is
a possible negative association between DM and migraine. J Oral Facial Pain
Headache 2017,31:240-250. doi: 10.11607/0fph.1843
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burden on the patient, and its cause remains unclear."?

Cavestro et al® reported that patients with migraine presented
significantly higher insulin levels than control patients during an oral
glucose tolerance test (OGTT). Adashi et al* suggested that insulin
could stimulate the release of gonadotropin in rats, and Sachs et al®
reported that beta-estradiol and progesterone, which can be stimu-
lated by gonadotropin, enhanced the repetition rate and the amplitude
of the cortical spreading depression wave, which has been reported
as one of the possible mechanisms of migraine.® Additionally, some
studies have shown that the use of oral contraceptives, which can in-
duce hyperinsulinism and hypoglycemia, can increase frequency and
worsen headache severity in subjects with migraine.”® Other stud-
ies have indicated that polymorphisms in the insulin receptor gene
are associated with migraine and that migraine is likely to occur in
patients with low activation of the insulin receptor.®~'" Therefore, it
could be suggested that insulin and glucose metabolism are related
to migraine.

M igraine is a highly prevalent condition that presents a heavy
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OGTT is a widely utilized test for the assessment
of glucose and insulin metabolism among patients.'?
However, the number of studies using OGTT to in-
vestigate the association between glucose and in-
sulin metabolism and migraine is limited, and these
studies have presented inconsistent results.®'® The
study conducted by Cavestro et al showed that glu-
cose and insulin levels in migraine patients during
OGTT were all higher than those in healthy controls?;
however, Rainero et al found that insulin levels during
OGTT were comparable between migraine and
control participants.'® Furthermore, in studies inves-
tigating the association between glucose and insu-
lin metabolism and migraine, patients with migraine
were mainly recruited from headache centers, and
the manner to deal with participants with newly di-
agnosed diabetes mellitus (DM) and prediabetes has
not been clarified.®'*"'® Given the high prevalence of
diabetes and prediabetes in the general population in
China,'® it is necessary to clarify the association be-
tween glucose and insulin metabolism and migraine
in different glucose metabolism states. Furthermore,
while several studies have suggested that DM is
negatively associated with migraine,'”"'° inconsis-
tent results have been reported.?®2" Until now, few
studies on the association between migraine and
glucose and insulin metabolism have been con-
ducted in China, particularly at the community level.
Therefore, a community-based, case-control study
was conducted to evaluate the association between
glucose and insulin metabolism and migraine, as well
as between DM and migraine, in Heihe City, north
Heilongjiang province, China.

Materials and Methods

Participants

Permanent residents (defined as residents living
in Heihe city for at least 1 year) between the ages
of 18 and 65 years were included in the study.
Participants who reported to have a history of DM or
took medicine that interfered with glucose or insulin
metabolism were excluded. All participants provided
informed consent, and the study was approved by
the Ethics Committee of Harbin Medical University
(No. 2014001).

Questionnaire

A questionnaire was used that comprised six parts:
(7) informed consent; (2) sociodemographics of par-
ticipants, including age, sex, nationality, marital sta-
tus, education level, and total household income;
(3) lifestyle (ie, alcohol consumption and smok-
ing habits); (4) Chinese version of ID-Migraine??;
(5) migraine characteristics (ie, course, frequency,
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and duration of migraine attack); and (6) medical his-
tory (ie, history of hypertension and family history of
DM).

Study Design

Heihe City is located on the south bank of the Amur
River on the Russian border in the north Heilongjiang
province, China, and experiences long and bitter cold
winters.?® Heihe City is a multiethnic gathering place
including 38 minor nationalities (mainly the Manchu
and Daur nationalities), which account for approxi-
mately 2.90% of the general population.*

This was a community-based, case-control study
comprising two stages. The selection procedure for
participants is shown in Fig 1. The first stage includ-
ed two parts. The first part, for the rural participants,
was conducted between December 20, 2014 and
March 6, 2015. It comprised a typical investigation,
mainly focused on the Daur and Manchu nationalities.
All of the residents (both Han and minority national-
ities) were from 7 Daur nationality villages and 5 of
11 Manchu nationality villages in the Aihui district
(villages that had 300 or more residents were asked
to participate in this investigation). The survey was
performed door to door by eight trained investigators
comprising four medical interns, two nurses, one neu-
rologist who worked in the Department of Neurology
at the First People's Hospital in Heihe City (Y.D.), and
one PhD candidate majoring in epidemiology (X.W.).
All the investigators were trained in all of the content
of the questionnaire, including the Chinese version
of the ID-Migraine.?? During the survey, the investi-
gators were required to transfer the participants who
had reported to experience two or more headaches
in the past 3 months to the neurologist for further
diagnosis. The diagnosis of migraine was made by
the neurologist with the International Classification of
Headache Disorders (ICHD-III) beta criteria.2® After
a fasting period of 10 hours, 5 mL of blood were col-
lected from each participant in the village committee
building.

The second part of the first stage, for urban
participants, was conducted between April 9 and
June 20, 2015, with residents from 5 of 12 neigh-
borhood communities (mainly Han and Hui nation-
alities). Residents were randomly selected using a
simple random sampling method with the random-
ization process of SAS (SAS Institute Inc) accord-
ing to the number of residents who completed a
questionnaire, underwent a physical examination,
and produced fasting blood samples for fasting
blood glucose (FBG) and blood lipid assessments
at the health examination center of the First People's
Hospital, Heihe City.

In the second stage, all participants who had
been diagnosed with or without migraine using
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ICHD-IIl criteria®® in the first stage were requested to
fast overnight for 10 hours to undergo OGTT the next
morning.'”> The 5-mL blood samples were collected
at 0, 30, 60, and 120 minutes after 75-g glucose
loading for blood glucose and insulin level measure-
ments. Glycosylated hemoglobin (HbA1c) was also
assessed at the same time.

Participants with and without migraine were fur-
ther divided into three subgroups according to the
DM diagnosis and classification criteria proposed by
the American Diabetes Association (ADA) in 201026:

1. Undiagnosed DM subgroup (newly diagnosed as
DM: participants with FBG = 7.0 mmol/L,
2-hour blood glucose in OGTT = 11.1 mmol/L,
or HbA1c = 6.5%)

2. Prediabetes subgroup (FBG: 5.6—6.9 mmol/L,
2-hour blood glucose in OGTT 7.8-11.1 mmol/L,
or HbA1c 5.7% to 6.5%)2®

3. Normal glucose level subgroup (participants with
FBG < 5.6 mmol/L, 2-hour blood glucose in
OGTT < 7.8 mmol/L, and HbA1c < 5.7%)

Body Measurement Indicators

Anthropometric data included height, weight, and
blood pressure. Body mass index (BMI) was calculat-
ed by the formula: weight (kg)/(height[m]?).

Laboratory Analyses

Blood glucose, HbA1c, total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol
(LDL-C) levels were measured on an OLYMPUS
AU640 automatic biochemical analyzer (OLYMPUS
OPTICAL Co, Ltd). Insulin levels were evaluated us-
ing the MAGLUMI 2000 Plus (SNIBE Co, Ltd) via
the chemiluminescent immunoassay method.

Insulin resistance was evaluated using the
fasting-based indicator of homeostatic model as-
sessment-insulin resistance (HOMA-IR; FBG X se-
rum insulin/22.5),2” B-cell function index of HOMA
(HOMA-B; 20 X serum insulin/[FBG - 3.5]),2% and
quantitative insulin sensitivity check index (QUICKI;
1/[log insulin + log blood glucose]).2° Two-hour glu-
cose and insulin areas under the curve (AAUC) were
calculated as follows: 0.25 X glucose (insulin) at O
minutes, + 0.5 X glucose (insulin) at 30 minutes, +
0.75 X glucose (insulin) at 60 minutes, + glucose
(insulin) at 120 minutes.

Statistical Analyses

Data with skewed distributions were described as
medians * quartile deviations and compared using
the Wilcoxon rank sum test or Kruskal-Wallis test. For
multiple group comparisons between skewed data,
these variables were first converted using rank trans-
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formation and compared using one-way analysis of
variance (ANOVA). The differences between groups
were tested by the Student—-Newman—Keuls test.
Repeated measures of ANOVA were performed for
group comparisons of total glucose and insulin lev-
els. Categorical variables were presented as counts
and percentages, and differences between groups
were evaluated using Pearson’s chi-square test. In
addition, the association between DM and migraine
was analyzed using logistic regression. Statistically
significant differences were accepted at P < .05. All
statistical analyses were conducted with SAS statis-
tical software, version 9.1 (SAS Institute Inc).

Results

Representativeness of OGTT Participants

A total of 2,023 participants completed the question-
naire, underwent the physical examination, and do-
nated fasting blood. After excluding 191 with history
of DM, 1,832 subjects were included in the study. Of
these, 125 were diagnosed as having migraine and
1,707 were diagnosed as nonmigraine control (90
with nonmigraine headache and 1,617 with no head-
ache). Ultimately, 86 of the subjects with migraine
(migraine with aura = 2, migraine without aura = 82,
chronic migraine = 2) and 95 of the subjects without
migraine participated in the OGTT (Fig 1).

There were no significant differences in the pro-
portions of undiagnosed DM, prediabetes, and normal
glucose subgroups between the total nonmigraine
population (n = 1,707) and the nonmigraine patients
who participated in the OGTT (n = 95) (defined as
the control group) (x> = 4.4; V = 2; P = .11) (Figs 2a
and 2b). In regard to participants with migraine, there
were also no differences in the distribution of these
three subgroups between the total migraine group
(n = 125) and those with migraine who participated in
the OGTT (h = 86) (x>= 0.5; V = 2; P=.77) (Figs 2¢
and 2d).

When the demographic characteristics and body
measurement indicators were compared between
the control group and the total nonmigraine popula-
tion, there were no significant differences in the fac-
tors, except for mean age and education level (see
Appendix 1 at https://pan.baidu.com/s/1nvDH5c]).
In addition, there were no differences in the factors
between the total migraine group and those with mi-
graine who participated in the OGTT (Appendix 2 at
https://pan.baidu.com/s/1nvDH5clI).

Basic Demographic and Clinical Features
in Selected Participants with Migraine and
Controls

The data analysis procedure is shown in Fig 3.
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Rural

v

Urban

v

FIRST STAGE

7 Daur and 5 Manchu villages with 300 or more residents

5 of 12 randomly selected communities

v

v

Completed questionnaire, underwent physical examination, and donated fasting blood

v

Subjects participating in the study (n = 2,023)
| Preexisting diabetes mellitus
A " (n = 191)
Subjects without diabetes mellitus (n = 1,832)
Did you have frequent headache in the past year?
I
Yes (n = 215) No (n = 1,617)
Diagnosed according to ICHD-IIl criteria SECOND STAGE
I
Migraine headache Nonmigraine headache
(n = 125) (n=90)
Refused to Refused to Refused to
»| participate in OGTT »| participate in OGTT »| participate in OGTT
(n=39) (n =79 (n=1,533)
Y Y \4

Standard 75-g glucose 2-h OGTT

v

Migraine (n = 86)

v

v

Nonmigraine control (n = 95)

v

Diagnosed according to the ADA 2010 criteria

Diagnosed according to the ADA 2010 criteria

v v v

Diabetes mellitus Normal glucose

Prediabetes

(h=2) (h=19) (n = 65)
Male = 0 Male = 5 Male = 14
Female = 2 Female = 14 Female = 51

v v v

Diabetes mellitus Normal glucose

Prediabetes

(n = 25) (n = 46) (nh=24)
Male = 8 Male = 18 Male = 8
Female = 17 Female = 28 Female = 16

Fig 1 Flowchart of the selection procedure.

Total Migraine and Control Groups

The proportion of women was statistically higher in
the migraine group than in the control group, and the
proportions of participants with a history of hyper-
tension and family history of DM were lower in the
migraine group than in the control group. The waist
circumference (WC), BMI, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were sig-
nificantly higher in the control group; however, the

HDL-C was significantly higher in the migraine group
(Table 1).

Total Migraine Group and Different Control
Subgroups

The control subgroup with undiagnosed DM pre-
sented significantly higher WC, SBP, DBP, TG, and
LDL-C than participants in the total migraine group.
No significant differences were found in the other in-
dices among these groups.

Journal of Oral & Facial Pain and Headache 243

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Wang et al

Il Diabetes mellitus Ml Diabetes mellitus
[IPrediabetes [IPrediabetes
[ cControl [cControl

S 100 2 100

s <

a Q

5 80 A 5 80

o o

= =

S 60 S 60

o ©

= 40 = 40+

< <

@ I

S 207 £ 207

€ €

ool eew e 5, =

a Rural Urban Total b Rural Urban Total

Il Diabetes mellitus Il Diabetes mellitus
[ IPrediabetes [ IPrediabetes
[ cControl [ cControl

§ 100 ~ \0?0/ 100+

Q Q

5 807 3 801

o o

= =

S 60 S 60

o ©

< 40+ = 40+

< <

I I

S 207 £ 207

Q0 .0

T T

g — S o I —

c Rural Urban Total d Rural Urban Total

Fig 2 The proportions of undiagnosed DM, prediabetes, and normal glucose in total population and in the participants in the OGTT. (a)
Refers to the participants without frequent headache (n = 1,617) and the ones with nonmigraine headache (n = 90). (b) Refers to 11 of
90 participants without frequent headache and 84 with nonmigraine headache who participated in the OGTT. (c) Refers to the partic-
ipants who were diagnosed as migraine according to the ICHD-III criteria (n = 125). (d) Refers to the 86 migraineurs who participated

in the OGTT.

Corresponding Subgroups Between Migraine and
Control Groups

In the migraine subgroup with undiagnosed DM,
subgroup analyses showed the SBP, DBP, and TG
were significantly lower and the HDL-C was signifi-
cantly higher than in the control subgroup with undiag-
nosed DM. No differences in other indices were found
between any other corresponding subgroups. Results
stratified by nationality (Han and minor nationality)
and living areas (rural and urban) of the participants
are shown in Appendices 3—6 (at https://pan.baidu.
com/s/1nvDH5cl).

Glucose and Insulin Metabolism During OGTT
in Migraine and Control Groups

When diagnosed according to OGTT and ADA crite-
ria, the distribution of undiagnosed DM (10.5%), pre-
diabetes (53.5%), and normal glucose (36.0%) in the
migraine group was different from that in the control
group (DM = 26.3%; prediabetes = 48.4%; normal
glucose = 25.3%) (x*>= 8.0; V = 2; P =.018), and the
proportion of undiagnosed DM in the migraine group

244 Volume 31, Number 3,2017

was significantly higher than that in the control group
x*=16.3;V=1;P=.01).

Total Migraine and Control Groups

The total blood glucose levels during OGTT were
significantly higher in the control group than in the
migraine group; however, no significant differences
were found in total serum insulin levels during OGTT
between these two groups. Two-hour glucose AAUC
in the migraine group was significantly lower than in
the control group; however, there were no differences
in 2-hour insulin AAUC or HbAf1c.

Total Migraine Group and Different Control
Subgroups

Subgroup analyses showed that total blood glucose
levels, total insulin levels, 2-hour glucose AAUC,
2-hour insulin AAUC, and HbA1c in the migraine
group were significantly lower than those in the con-
trol subgroup with undiagnosed DM but similar to
those in the prediabetes subgroup and significantly
higher than those in the normal glucose subgroup.
The results were consistent with Han subgroups
(Appendix 7 at https:/pan.baidu.com/s/1nvDH5cI),

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



minority nationality (Appendix 8 at https:/
pan.baidu.com/s/1nvDH5¢l) subgroups, and
those living in urban areas (Appendix 10 at
https://pan.baidu.com/s/1nvDH5cI).
Corresponding Subgroups Between
Migraine and Control Groups

There were no differences in the total glucose
and insulin levels between the migraine and
control DM and normal glucose subgroups.
The migraine subgroup with prediabetes had
significantly higher fasting and 30-minute insu-
lin levels than in the control group; however, no
differences were found in the other indices be-
tween any of the groups. These factors did not
significantly differ in the comparisons between
subgroups when stratified by participants’ na-
tionalities and places of residence (Appendices
7-10, at https://pan.baidu.com/s/1nvDH5cl).

Fasting Blood and Indicators of Insulin
Resistance in Migraine and Control Groups
Total Migraine and Control Groups

The glucose level, insulin level, HOMA-IR,
HOMA-B, and QUICKI values showed no sig-
nificant differences between the migraine and
control groups (Table 2).

Migraine Group and Different Control
Subgroups

The fasting glucose and 2-hour glucose AUC,
fasting insulin and 2-hour insulin AUC, HbA1c,
and HOMA-IR in participants with migraine were
significantly lower than in control participants
with undiagnosed DM, similar to those in the
control subgroup with prediabetes, and signifi-
cantly higher than those in the control subgroup
with normal glucose Furthermore, QUICKI in
the migraine group was significantly higher than
in the control subgroup with undiagnosed DM,
similar to the control subgroup with prediabe-
tes, and significantly lower than in the control
subgroup with normal glucose. However, the
HOMA-B was not different among the groups.
These results were consistent with those for
participants living in urban areas (Appendix 10
at https://pan.baidu.com/s/1nvDH5cl).
Corresponding Subgroups Between
Migraine and Control Groups

The migraine subgroup with prediabetes pre-
sented a significantly higher HOMA-IR and
lower QUICKI than the corresponding control
subgroup. However, no differences were found
between the other subgroups (Table 2). These
factors did not significantly differ in the subgroup
comparisons when stratified by participants’ na-
tionalities and places of residence (Appendices
7-10 at https://pan.baidu.com/s/1nvDH5cI).
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Control group

Migraine group |:a>
(n =86)

(h = 95)
Undiagnosed
diabetes mellitus <
(h = 25)
:b> Prediabetes |
(n = 46)
Normal glucose | _
(h=24 |
Undiagnosed Undiagnosed
—>|diabetes mellitus diabetes mellitus <€
(h=9) (n = 25)
Prediabetes |:C> Prediabetes

(n = 46) (n = 46)

Normal glucose
(h=31)

Normal glucose
(n = 24)

| Prediabetes Prediabetes
(n = 46) (n = 46)
| Normal glucose
(h=31)

A

Normal glucose
(nh = 24)

<

Fig 3 Detailed data analysis procedure. Data analyses were conducted in
four steps: (a) Comparing total migraine (n = 86) and total control groups
(n = 95); (b) Comparing total migraine group with control group stratified
into undiagnosed DM (n = 25), prediabetes (n = 46), and normal glucose
control (n = 24) subgroups; (c) Comparing migraine and control groups,
stratifying both into undiagnosed DM, prediabetes, and normal glucose
subgroups; (d) Comparing migraine and control groups after excluding
participants with undiagnosed DM.

Migraine and Control Groups After Excluding
Participants with Undiagnosed DM

When participants with undiagnosed DM were excluded,
no differences were found in total glucose (P = .61) and
insulin levels (P = .11) during OGTT or in the indicators
of insulin resistance between the total migraine (n = 77)
and control groups (n = 70). When the control group was
classified into prediabetes and normal glucose subgroups,
the glucose levels, HbA1c, and HOMA-IR values in the mi-
graine group were similar to those in the control subgroup
with prediabetes and significantly higher than those in the
control subgroup with normal glucose (Table 3). These re-
sults were consistent when stratified by nationalities and by
participants that lived in urban areas (Appendices 11-14 at
https://pan.baidu.com/s/1nvDH5cl).
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Table 1 Demographic and Clinical Characteristics of Migraine and Nonmigraine Control Participants

Diabetes mellitus

Prediabetes

Control Migraine Control Migraine
(nh = 25) (h=9) P value (h = 46) (nh = 46) Pvalue

Female, n (%) 17 (68.0) 6 (66.7) 94 28 (60.9) 36 (78.3) .070
Married, n (%) 25 (100.0) 9 (100.0) 1.00 45 (97.8) 45 (97.8) 1.00
Nationality, n (%) 21 12

Ethnic Han 17 (68.0) 4 (44.4) 35 (76.1) 28 (60.9)

Others 8(32.0) 5 (55.6) 11 (23.9) 18 (39.1)
Education level, n (%) .89 91

Middle school or less 4 (16.0) 2(22.9) 10 (21.7) 11 (23.9)

High school 7 (28.0) 2(22.9) 19 (41.3) 20 (43.5)

College or higher 14 (56.0) 5 (55.6) 17 (37.0) 15 (32.6)
Household income (RMB/month), n (%) .96 .031

< 2,000 yuan 9 (36.0) 3(33.3) 14 (30.4) 26 (56.5)

2,000-3000 yuan 7 (28.0) 3(33.3) 21 (45.7) 11 (23.9)

= 3,000 yuan 9 (36.0) 3(33.4) 11 (23.9) 9 (19.6)
Smoking habit, n (%) 6 (24.0) 1(11.1) A1 13 (28.3) 12 (26.1) .81
Drinking habit, n (%) 7 (28.0) 0(0.0) 075 17 (37.0) 14 (30.4) .51
Hypertension, n (%) 11 (44.0) 1(11.1) 077 15 (32.6) 10 (21.7) 24
Family history of DM, n (%) 5 (20.0) 1(11.1) .bb 6(13.0) 2 (4.35) 14
Age (y) 48.0 £ 4.0 55.0 £ 9.0 .28 51.5 + 14.0 52,56 + 10.0 .29
WC (cm) 91.0 + 156.0¢ 88.0 £ 14.0 .08 90.0 + 17.8 85.0 + 16.0 .049
BMI (kg/m2) 24.8 + 3.38 239+ 1.2 .67 2561 £ 6.0 23.6 + 4.6 .086
SBP (mm/Hg) 140.0 £ 26.0¢4¢  105.0 = 20.0 <.001 130.0 £ 28.0° 130.0 £ 20.0 .86
DBP (mm/Hg) 90.0 £ 14.0¢ 70.0 £ 10.0 <.001 80.0 £ 10.0 80.0 £ 20.0 46
TC (mmol/L) 5.5+ 1.6% 4.9+13 21 49 + 1.9° 53+ 12 .20
TG (mmol/L) 1.7 £ 0.9¢de 1.0£0.3 .033 1.2 £ 0.6° 1.2+ 09 T4
LDL-C (mmol/L) 3.6 + 1.0cde 27 +0.9 Bh 3.1+ 110 31+£09 48
HDL-C (mmol/L) 1.8 2t 0,8 1.5+ 0.1 .043 1.4 £ 0.3 1.4 +£05 27
Course of headache (y) 292.0 + 15.0 15.5 + 14.0
Headache frequency (no. per mo) 3.0+ 3.0 3.0+20
Headache duration (h) 8.0+ 8.0 8.0+5.0

RMB = renminbi; DM= diabetes mellitus; WC = waist circumference; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure;
TC = total cholesterol; TG = triglyceride; LDL-C = low-density lipoprotein-cholesterol; HDL-C = high-density lipoprotein-cholesterol.

2P value for the comparison between migraine and control groups after classifying the control group into undiagnosed DM, prediabetes, and normal glucose subgroups.

P < .05 when compared to the undiagnosed DM control subgroup in control.
¢P < .05 when compared to the prediabetes subgroup in control.
4P < .05 when compared to the normal glucose subgroup in control (n = 24).
¢P < .05 when compared to the total migraine group (n = 86).

Table 2 Difference in Indicators of Glucose and Insulin Metabolism and Insulin Resistance Between

Diabetes mellitus

Prediabetes

Control Migraine Control Migraine
(n = 25) (h=9) Pvalue (n = 46) (n = 406) Pvalue
Glucose level (mmol/L)

0 min 6.5 + 1.70de b3+ 1.1 .062 5.4 + 0.7°¢ 55+ 0.7 .29
30 min 11.6 £ 2.6¢9¢ 9.5+ 3.1 .009 8.7 + 2.5 84 +20 73
60 min 13.2 + 3.4¢de 11.8 £ 6.1 .25 10.0 + 5.2°¢ 8.2 + 3.1 .084

120 min 13.0 £ 3.3¢%d¢ 11.7 £ 6.6 27 7.0 + 2,704 6.7 £ 22 .52
92-h glucose AAUC (mmol/L/min) 29.6 + 8.0°de 26.6 £ 11.4 15 19.4 + 8.5°¢ 19.0 £ 4.7 .31
Insulin level (UlU/ml)

0 min 12.2 + 4,10de 11.8 £ 4.0 .58 7.8 +92.9° 9.3+ 4.1 .034
30 min 49.4 + 25,89 421 £ 96,5 .076 36.4 + 19.6° 46.5 + 31.3 .035
60 min 72.4 + 54 10de 587 £ 12.7 14 52.8 + 32.5° 48.3 £ 41.5 .59

120 min 57.3 + 44,3¢de 629 + 46.1 .79 33.1 £ 18.6° 33.6 + 35.7 27
92-h insulin AAUC (ulU/mL/min) 141.6 + 61.6°9¢  134.9 + 28.5 .38 89.7 + 42.0° 97.8 £ 69.2 14
HbA1c (%) 6.4 + 0.7¢d¢ 6.7+ 1.0 .51 5.8 + 0.4b4 58+ 05 .59
HOMA-IR 3.4 £ 1.6¢de 26+ 1.6 A7 1.8 + 0.4° 21+£10 .010
HOMA-B 88.3 £ 51.1 955 £ 434 16 90.5 + 45.8 91.6 = 56.1 .67
QUICKI 0.3 £ 0.0°9¢ 0.3 +0.0 A7 0.4 £ 0.0° 0.3 +0.0 010

AAUC = area under the response curve after 75-g glucose loading in the OGTT; HbAlc = glycosylated hemoglobin; HOMA-IR = homeostatic model assessment

for insulin resistance; HOMA-B = homeostatic model assessment for beta-cell function; QUICKI = quantitative insulin sensitivity check index.

2P value for the comparison between migraine and control groups after classifying the control group into undiagnosed DM, prediabetes and normal glucose subgroups.

°P < .05 when compared to the undiagnosed DM subgroup in control (n = 25).

°P < .05 when compared to the prediabetes subgroup in control (n = 46).

9P < .05 when compared to the normal glucose subgroup in control (n = 24).
P < .05 when compared to the total migraine group (n = 86).
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Normal glucose Total
Control Migraine Control Migraine
(n=24) (n=31) P value (n=95) (n = 86) P value 2P value
16 (66.7) 25 (80.7) 24 61 (64.2) 67 (77.9) .043 21
23 (95.8) 30 (96.8) .85 93 (97.9) 84 (97.7) 2 .80
.99 16 A7
17 (70.8) 22 (71.0) 69 (72.6) 54 (62.8)
7(29.2) 9(29.0) 26 (27.4) 32 (37.2)
24 .32 .b3
5 (20.8) 5 (16.1) 19 (20.0) 18 (20.9)
7(29.2) 16 (51.6) 33 (34.7) 38 (44.2)
12 (50.0) 10 (32.3) 43 (45.3) 30 (34.9)
.033 .33 .071
14 (58.3) 12 (38.7) 37 (39.0) 41 (47.7)
3(12.5) 14 (45.2) 31(32.6) 28 (32.6)
7(29.2) 5(16.1) 27 (28.4) 17 (19.7)
3(12.5) 4(12.9) .96 22 (23.2) 17 (19.7) .b8 45
8(33.3) 10 (32.3) .93 32(33.7) 24 (27.9) 40 73
7 (29.2) 5 (16.1) .25 33(34.7) 16 (18.6) 014 .057
5 (20.8) 2 (6.45) A1 16 (16.8) 5 (5.8) .021 .085
46.0 £ 12.5 49.0 £ 8.0 .20 50.0 £ 11.0 51.0 £ 12.0 12 16
870+ 11.6 84.0 + 10.0 .52 90.0 + 17.0 84.5 + 15.0 .007 .03
26.0 £ 472 234 +£5.9 45 25.0 £ 5.1 23.6 £ 5.0 .044 24
120.0 £ 31.0° 120.0 £ 12.0 79 130.0 + 30.0 122,56 + 10.0° .010 <.001
815+ 156.0 80.0 + 20.0 77 80.0 + 10.0 80.0 + 20.0° .020 016
48 +1.2° 52+ 1.2 A1 50+ 15 52+ 1.1 .39 018
0.9 £ 0.5° 1.3+ 06 10 1.2+£1.0 1.2+ 0.6° 81 .003
2.9+ 0.9° 30+ 11 .20 32+12 3.0+ 1.0° .95 .007
14 +£0.3 1.4 +£0.3 .61 1.4 +£0.3 1.4+£0.3 .044 s
10.0 £ 13.0 14.5 £ 12.0
40+10 3.0+20
6.0+ 40 6.0+5.0

Migraine and Control Groups

Normal glucose Total

Control Migraine Control Migraine

(h =24) (h =31) P value (h =95) (nh = 86) P value 2P value

5.1 + 0.4bce 51+ 0.6 .93 54+10 5.3 £ 0.6°¢ .20 <.001

7.6 £ 2.6° 7717 b4 9.3+33 8.2 £ 2.0° 016 <.001

6.9 + 3.5°¢ 7.2 27 70 102 £ 5.6 7.8 £ 3.1° .003 <.001

B.7 + 1.1bce 58 + 1.1 .88 73+ 4.3 6.4 + 2.3%¢ 012 <.001
15.2 £ 4.1bce 156.9 + 3.3 .93 211 £ 104 17.7 + 4.8°4 .006 <.001

7.0 + 3.5%¢ 72+ 24 42 8.3+ 41 8.5 + 4.6° .85 <.001
31.7 £ 20.3° 375 +23.9 b7 39.1 + 241 431 + 272 A7 014
43.9 £ 43.2° 421 £ 391 91 52.9 + 38.0 46.1 £ 36.0° 46 .006
21.7 £ 26.4° 235+ 11.1 .69 340+ 326 31.1 £ 34.4° .86 <.001
67.3 £ 54.6°¢ 81.0£ 355 43 99.3 + 68.5 90.8 + 52.90¢ .87 <.001

5.4 + 0.4bce 54+ 04 .68 5.8+ 0.6 5.6 + 0.5 14 <.001

1.6 £ 0.80 1.7+£05 48 19+£1.0 200 4= |22 .83 <.001
94.5 £ 42.3 103.1 £ 41.6 77 90.2 £ 41.0 93.3 £ 46.8 A7 15

0.4 £ 0.0P¢ 04 £0.0 48 04 £0.0 0.3 £ 0.0°¢ .83 <.001
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Table 3 Difference in Indicators of Glucose and Insulin Metabolism and Insulin Resistance Between

Migraine and Control Groups After Excluding Undiagnosed Diabetes Mellitus Subgroup (n = 147)

Control
Total Prediabetes Normal glucose Migraine
(nh =70) (n = 46) (nh = 24) (h=77) aPyvalue °Pvalue
Glucose level (mmol/L)
0 min 52+ 06 5.4+ 0.7 5.1 £0.4¢%¢ 5.3+ 0.6¢ .54 .020
30 min 84 +£292 8.7+25 76+25 82+20 76 .23
60 min 7.8+ 4.6 10.0 £ 5.2%¢ 6.9 + 3.6¢ 74 £ 2.9¢ 23 .005
120 min 6.4+24 7.0+ 2.7 57 £ 1.1 6.2+ 16 48 .008
9-h glucose AAUC (mmol/L/min) 180+ 7.4 19.4 + 8.5 15.2 + 4.1° 174+ 45 38 003
Insulin level (ulU/ml)
0 min 75+24 78 +£22 7.0+ 35 83x35b .085 10
30 min 32.8 £20.9 36.4 £ 19.6 317 £20.3 43.6 £ 275 .056 nhl
60 min 511 + 34.2 52.8 + 32.5 43.9 £ 43.2 43.8 £32.6 N4 .50
120 min 28.6 £ 23.6 33.1 £ 186 217 £ 26.4 28.7 £ 256.0 44 A7
9-h insulin AAUC (ulU/mL/min) 85.3 +47.8 89.7 £ 42.0 67.3 + 54.6 876 + 63.3 .26 .091
HbA1c (%) 56+ 05 5.8 £ 0.5¢ 5.4 + 0.4¢¢ 5.6 + 0.4¢ .85 <.001
HOMA-IR 1.8+ 0.5 1.8 £ 0.49 1.6 + 0.80%¢ 1.9 £ 0.9¢ .070 .035
HOMA-B 91.4 + 426 90.5 £ 45.8 94.5 £ 42.3 92.3 £ 46.8 .65 .50
QUICKI 0.4+ 0.0 0.4 + 0.0¢ 0.4 £ 0.0¢¢ 0.4 £ 0.0¢ .070 .035

AAUC = area under the response curve after 75-g glucose loading in the OGTT; HbATc = glycosylated hemoglobin;
HOMA-IR = homeostatic model assessment for insulin resistance; HOMA-B = homeostatic model assessment for beta-cell function;

QUICKI = quantitative insulin sensitivity check index.

2P value for the comparison between subjects with migraine and the total control group .
°P value for the comparison between migraine and control group after classifying the control group into prediabetes and healthy controls.

¢P < .05 when compared to the prediabetes subgroup in control.
9P < .05 when compared to the normal glucose subgroup in control.
¢P < .05 when compared to the total migraine group.

80 7
701
60 1

50 1 I
40-

207
151

10 1
5

Migraine prevalence (%)

18-29 30-39 40-49

Age groups (y)

50-59 60-65

A Subjects with undiagnosed DM
—@— Subjects without DM

Fig 4 Migraine prevalence (%) and the 95%
confidence interval (95% ClI) related to age
in those with and without undiagnosed DM.
All of the 1,832 participants were grouped
by fasting blood glucose (FBG) of ADA
criteria and stratified into participants with
DM (FBG = 7.0 mmol/L) and those without
DM (FBG < 7.0 mmol/L). Additionally, the
participants were stratified by six age groups
to investigate the migraine distribution
between participants with and without DM.

Association between DM and Migraine

When participants were diagnosed by FBG in accor-
dance with ADA criteria,?® the prevalence of migraine
in subjects with undiagnosed DM was lower than in
those without DM; however, the association between
DM and migraine was not statistically significant in all
1,832 participants (Fig 4, Table 4). In the participants
of the OGTT, DM was negatively associated with mi-
graine when diagnosed with FBG only and remained
negatively associated when diagnosed with the FBG,
HbA1c, and 2-hour blood glucose in OGTT.
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Discussion

This was a community-based, case-control study con-
ducted in Heihe City, Heilongjiang province of China.
Results showed that the distributions of participants
with newly diagnosed DM and prediabetes were similar
between total participants and those with and without
migraine who participated in the OGTT. Furthermore,
there were no significant differences in demographic
characteristics and body measurement indicators be-
tween these groups. Therefore, participants who un-
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Table 4 Association Between Undiagnosed Diabetes Mellitus and Migraine

Subjects
with migraine

Subjects
without migraine

Unadjusted ORs 3Adjusted ORs

(% of subjects (% of subjects in

Items in this group)

this group)

OR(95% CI) Pvalue OR(95% CI) Pvalue

Diagnosed by FBG in the
general population

Subjects without DM

(n = 1,684) (Ref)

Subjects with DM (n = 128)
Diagnosed by FBG in
subjects participating in OGTT

Subjects without DM

(n = 14) (Ref)

Subjects with DM (n = 167)
Diagnosed by FBG,
2-h blood glucose, and HbA1c in
subjects participating in OGTT

Subjects without DM

(n = 34) (Ref)

Subjects with DM (n = 147)

120 (7.1)

5(3.7)

84 (50.3)

2 (14.3)

77 (52.4)

9(26.5)

1,677 (92.9)

130 (96.3)

83 (49.7)

12 (85.7)

70 (47.6)

25 (73.5)

1.00 - 1.00 -

0.51 (0.20-1.26) 14 0.66 (0.26-1.72) 40

1.00 = 1.00 =
0.17 (0.04-0.76) 021 0.13 (0.03-0.69) 016
1.00 - 1.00 -

0.33(0.14-0.75) .008 0.37 (0.15-0.93) .035

OR = odds ratio; Cl = confidence interval; DM = diabetes mellitus; FBG = fasting blood glucose; HbA1c = glycosylated hemoglobin;

OGTT = oral glucose tolerance test; Ref = reference group.

#Adjusted by age, sex, nationality, body mass index, marital status, education level, household income, smoking intake, drinking intake,

history of hypertension, and family history of diabetes mellitus.

derwent the OGTT presented a good representative
sample for the total group of participants.

DM and prediabetes present impaired insulin sen-
sitivity and are highly prevalent in the general popula-
tion in China. In 2010, a national-based investigation
suggested that in China, the prevalence of DM was
11.6% and of prediabetes was 50.1%.'® Given these
high prevalence rates, it is possible that hyperglyce-
mia and impaired insulin sensitivity may exist to some
extent in individuals with migraine and in control pa-
tients. Therefore, it is necessary to exclude those di-
agnosed with DM (due to the controlling of glucose
levels by using drugs and other therapies) and to im-
plement criteria for including subjects with impaired
insulin sensitivity in both migraine and control groups
to determine whether migraine is associated with im-
paired glucose and insulin metabolism. Accordingly,
subgroup analyses were conducted in this study.

Previous studies have suggested subjects with
migraine present higher HOMA-IR levels than con-
trols.?%3!' However, the current results showed that
insulin resistance only existed in the prediabetes sub-
group in participants with migraine. The results also
suggested that the phenomenon relating to those
with migraine exhibiting higher HOMA-IR levels may
be partly due to the higher proportion of prediabetes
in the migraine group.

In addition, the results of this case-control study
indicated that DM was negatively associated with mi-
graine, regardless of diagnosis by FBG only or with the
comprehensive indices including FBG, HbA1c, and

2-hour blood glucose in the OGTT, consistent with
previous studies.'®'® Furthermore, Blau and Pyke con-
ducted a study of 36 participants with both diabetes
and migraine and found that 5 of them expressed com-
plete loss of migraine or marked reductions at the on-
set of diabetes, which further supports these results.®?
However, when participants were diagnosed by FBG
only, the association between DM and migraine was
not statistically significant in all 1,832 participants,
which may be partly due to the high rate of underdiag-
nosis of DM by FBG only. Bao et al®® suggested that
when FBG is used as the only diagnostic criterion, the
prevalence of DM would be underestimated by 26.0%,
and undiagnosed DM would be underestimated by
40.0%. Moreover, the small sample size of the current
study may also have played an important role in the
insignificant association between DM and migraine.
This study compared the glucose and insulin me-
tabolism indicators between migraine patients and
different control subgroups including undiagnosed
DM, prediabetes, and normal glucose control. To the
best of the authors’ knowledge, this is the first study
to make this type of comparison. Results suggest
that insulin resistance may only occur in the migraine
subgroup with prediabetes. Further studies with
larger sample sizes should be conducted to further
confirm this conclusion. Although the sample size of
the current study was larger than in previous relat-
ed studies,®'®143% it was still relatively small, which
partly limited statistical power for assessing the as-
sociation between migraine and insulin resistance.
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Also, it should be noted that this investigation was a
case-control study, and so it could not infer a definite
causal association between DM and migraine.

Conclusions

Insulin sensitivity seems to be impaired in individ-
uals with migraine who also have prediabetes, and
DM may be negatively associated with migraine.
Additional studies with larger sample sizes are re-
quired to further confirm the associations between
migraine and glucose and insulin metabolism, and
between migraine and DM.
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