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Abstract
Background—Migraine with aura has been associated with increased prevalence of
cardiovascular risk factors, including elevated levels of some vascular biomarkers. However, little
research has been done on this association among the elderly. We examined the associations of
lipid levels with headache and migraine in a cohort of elderly individuals.

Methods—Cross-sectional study among 1155 participants enrolled in the Epidemiology of
Vascular Aging Study with available information on headache and blood biomarkers. We used
multinomial logistic regression to evaluate the association between biomarker tertiles and
headache categories.
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Results—925 people had no severe headache, 64 people had non-migraine headache, and 166
people had migraine of whom 23 had aura. Compared to participants without headache, we
observed strong associations between increasing tertiles of total cholesterol and migraine with
aura. The OR (95% CI) was 4.67 (0.99–21.97) for the 2nd tertile and 5.97 (1.29–27.61) for the 3rd
tertile. We also found strong associations between triglycerides and migraine with aura (OR for
3rd tertile:4.42 (1.32–14.77).) We did not see significant associations between increased
biomarkers levels and any other headache group.

Conclusions—Elevated levels of total cholesterol and triglycerides are associated with migraine
with aura but not other headache forms in the elderly.
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Migraine is a common recurrent primary headache disorder that has close links to the
neuronal and vascular system and is, in some patients, accompanied by transient
neurological symptoms mostly of the visual field that are known as migraine aura (1, 2).
There is increasing evidence that migraine with aura is associated with increased risk of
ischemic stroke (3–6) and other vascular disease events.(7, 8) Furthermore, migraine has
been associated with increased prevalence of specific cardiovascular risk factors (9, 10),
including some vascular biomarkers (11, 12).

There has been particular interest in the association between lipid levels and migraine as
well as migraine specifics (9, 13–15). In a population-based study from the Netherlands of
men and women aged 20–65 years, increased total cholesterol and the total cholesterol to
high-density lipoprotein cholesterol (HDL-C) ratio have been associated with migraine with
aura (9). In a clinic-based study from Austria, patients with migraine had increased levels of
total cholesterol, low-density lipoprotein cholesterol (LDL-C), and oxidized LDL-C when
compared to controls (13).

As the vast majority of previous studies evaluated the association between lipid levels and
migraine among young or middle-aged patients, uncertainties remain about whether this
association can be found in the elderly in whom risk in whom risk of vascular disease is
substantially increased compared with younger individuals.

Thus, we aimed to evaluate the relationship between lipid levels and history of overall and
specific headache forms in the population-based Epidemiology of Vascular Aging (EVA)
study and specifically hypothesized associations between increased lipid levels and migraine
with aura among elderly individuals.

Methods
Study participants

Cross-sectional study among participants in the EVA study, a longitudinal study of cognitive
and vascular aging that recruited men and women born between 1922 and 1932 from the
electoral rolls of the city of Nantes, France (16). During the baseline visit (1991–1993), a
total of 1,389 participants were enrolled. Standardized questionnaires were administered to
ascertain information about demographics, occupation, medical history, and personal
characteristics. Written informed consent was obtained from all participants and the study
was approved by the Ethics Committee of the Hôpital de Kremlin-Bicêtre.
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Migraine assessment
Information on migraine was ascertained during the second follow-up visit in a two-step
approach and involved the 1188 participants who were still in active follow-up. First, during
a face-to-face interview by trained personal, participants were asked standardized questions
about life-time history of severe headaches and headache features. Second, participants who
reported a life-time history of severe headache were asked to participate in a telephone
interview with a neurologist specialized in headaches using a structured questionnaire with
high reproducibility (17). Interviews were solely focused on headache and the neurologist
was blinded to clinical, laboratory, and imaging data. Two hundred forty-two participants
reported a history of severe headache on the questionnaire and were eligible for the
interview. Of those, 4 died before the time of the interview, 4 were not reachable or opted
not to participate, and 1 had severe hearing impairment, leaving 233 participants with a
history of severe headache who were interviewed by a headache specialist. Information on
detailed life-time history of headache, specific migraine features, and aura symptoms were
ascertained during the interview.

Diagnosis of migraine and migraine subtypes was based on the second International
Classification of Headache Disorders (ICHD II).(18) We a priori classified participants in
the classes ‘no history of severe headache,’ ‘any history of severe headache.’ We
distinguished ‘migraine’ and non-migraine’ headache by applying the ICHD II criteria for
‘probable migraine’ (fulfillment of all but one criteria for migraine without aura), which is
used in many population-based studies to define migraine headache (4, 19). In addition, we
classified patients with migraine according to migraine aura status.

Lipid level measurements
Blood samples were drawn between 8 and 9 AM after a 12-hour fast. Total cholesterol and
triglyceride assays were performed by using the PAP enzymatic cholesterol kit (Reference
61227) and the PAP enzymatic triglyceride kit (Reference 759350), respectively, supplied
by Biomérieux. HDL cholesterol was measured enzymatically after precipitation of apo B–
containing lipoproteins with phosphotungstic acid and Mg2+ (precipitant Reference 543004,
Boehringer). LDL cholesterol was computed with the Friedewald formula. All
determinations were made daily. Cholesterol ratio was calculated taking the ratio of total
cholesterol to HDL cholesterol.

Statistical analysis
Of the 1179 participants with complete headache information, we excluded 24 due to
missing lipid level measurements, leaving 1155 participants for this study.

We compared the means of continuous and frequency of categorical characteristics of
participants according to their headache status. We used multinominal logistic regression
models to calculate odds ratios (ORs) and 95% confidence intervals (CIs) of the association
between the various lipid level tertiles and headache status using participants who were in
the lowest lipid level tertile and who did not report a history of severe headache as reference
group. We ran age- and multivariable-adjusted models. The multivariable models controlled
age (continuous), gender, smoking status (ever, never, past), ever cholesterol medication
use, alcohol consumption (continuous), systolic blood pressure (continuous), diastolic blood
pressure (continuous) and body mass index (continuous). Less than 45 people were missing
information on systolic blood pressure, diastolic blood pressure and body mass index and
were assigned to the mean values for the cohort. No information was missing on any other
covariate.
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All analyses were performed using SAS version 9.1 (SAS Inc, Cary, NC); P values were
two-tailed and a P<0.05 was considered statistically significant.

Results
Of the 1155 participants with complete headache information, 230 (19.9%) reported a
history of severe headache. Of the 166 participants fulfilling the criteria of probable
migraine, 23 (13.9%) reported aura symptoms. The association between personal
characteristics with no history of severe headache, non-migraine headache, migraine without
aura and migraine with aura is summarized in Table 1. Participants with migraine were more
likely to be female, to never have smoked, and consume less alcohol on average than the no
history of severe headache or non-migraine headache groups.

We observed strong associations between increasing tertiles of total cholesterol and
migraine with aura. Compared to participants who were in the lowest tertile of total
cholesterol, those with in the 2nd tertile and 3rd tertiles of total cholesterol had relative risks
(95% CI) of 4.67 (0.99–21.97) and 5.97 (1.29–27.61) for experiencing migraine with aura
versus no severe headache. We also found a strong association between elevated
triglycerides and migraine with aura (OR (95% CI) for 3rd tertile: 4.42 (1.32–14.77).)
Migraine with aura was not associated with increased levels of any other biomarkers.
Additionally, we did not see significant associations between increased biomarker levels and
any other headache group.

Discussion
In this large, population-based sample of elderly individuals from France, elevated levels of
total cholesterol and triglycerides were associated with migraine with aura. Increased levels
of other biomarkers were not associated with any headache categories. Our research findings
confirm previous studies linking migraine with increased levels of cholesterol and extend
these findings to triglycerides and demonstrate that this association is still apparent among
the elderly and limited to patients with migraine with aura.

Comparison with other population-based studies
A case-control study among normal weighted individuals found that migraineurs had
increased levels of cholesterol, LDL-C and oxidized LDL-C compared to non-migraineurs
controls. Those in the highest quartile of oxidized LDL-C had 7.93 times the odds of
experiencing migraine compared those in the lowest quartile of oxidized LDL-C. However,
they did not see any differences in the levels of oxidized LDL-C among migraineurs with
and without aura (13). This result is similar to the findings of another study that observed a
modest increase in the risk of elevated total cholesterol among migraineurs overall but did
not see a difference in risk between migraineurs with and without aura (11). In contrast, a
large population-based cohort study conducted in the Netherlands found an increased odds
of migraine overall and migraine with aura among those with elevated total cholesterol. This
effect was stronger among females who experience migraine with aura than among males
who experience migraine with aura (9). Most studies to date have been performed among
young to middle-aged populations (9, 11, 13). One of the few studies among the elderly
found that elevated total cholesterol was associated with migraine especially among males
(15). However, this study was not able to stratify their results based on aura status.

Strengths and limitations
Our study has several strengths, including the large number of participants drawn
independently of headache status from the general population, classification of headache

Rist et al. Page 4

Cephalalgia. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



status via phone interview conducted by neurologists who were specialized in headache
disorders, and the large amount of covariate information which allowed us to control for
potential confounding factors.

Several limitations should be considered when evaluating our results. First, despite of the
large study size, we had relatively small number of participants in the migraine with aura
subgroup (n=23). However, despite this small number we found significant and a priori
hypothesized associations with specific lipid levels only in this subgroup. Second, our study
is cross-sectional, which does not allow us to evaluate the direction of association. However,
the vast majority of participants with headache reported first onset in young age during
which lipid levels are usually lower. Third, despite adjustment for a large number of
potential confounders, residual and unmeasurable confounding is possible since our study is
observational. Lastly, participants in the EVA study were all aged ≥65 and were healthier
and of higher social status as compared to the average French population of the same age
range (20), which may affect extrapolation of our data to other populations.

Potential biological mechanisms
Given the small number of studies that examine the association between migraine and
cholesterol levels, the biological link between elevated cholesterol levels and migraine with
aura remains unclear. Recent basic science findings suggest that a bolus of cholesterol
crystals given to mice can trigger cortical spreading depression (21). As this is the very
likely correlate of migraine aura, it is possible that increased cholesterol levels may trigger
migraine with aura attacks in some susceptible individuals. However, our data only provides
indirect evidence to support such a hypothesis.

Practical implications
Because of the consistent link in independent population-based studies, migraine with aura
should be considered a marker for increased lipid levels and evaluation of patients should be
considered. Because there is no evidence that lowering lipid levels positively affect migraine
with aura, treatment decisions should be made with regard to vascular disease prevention.

Future research directions
Further targeted research is warranted to evaluate the role of increased lipid levels among
migraineurs with aura to better understand potential biological mechanisms. In addition,
further research is needed to determine if change in cholesterol levels modify the occurrence
or frequency of migraine with aura.

Acknowledgments
Study Funding: The EVA study was conducted under an agreement between INSERM (Institut National de la Santé
et de la Recherche Médicale), Merck, Sharp, and Dohme––Chibret Laboratories (West Point, PA), and EISAI
(Paris, France). This study was supported by a grant of the Agence National de la Recherche (Chaires d’Excellence)
to Dr. Kurth. Pamela M. Rist is funded by a training grant from the National Institute of Aging (AG00158).

References
1. Lipton RB, Bigal ME. The epidemiology of migraine. Am J Med. 2005; 118 (Suppl 1):3S–10S.

[PubMed: 15841882]
2. Goadsby PJ, Lipton RB, Ferrari MD. Migraine--current understanding and treatment. N Engl J Med.

2002; 346:257–70. [PubMed: 11807151]
3. Kurth T, Slomke MA, Kase CS, Cook NR, Lee IM, Gaziano JM, et al. Migraine, headache, and the

risk of stroke in women: a prospective study. Neurology. 2005; 64:1020–6. [PubMed: 15781820]

Rist et al. Page 5

Cephalalgia. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. MacClellan LR, Giles WH, Cole J, Wozniak MA, Stern B, Mtichell B, Kittner SJ. Probable
migraine with visual aura and risk of ischemic stroke: The Stroke Prevention in Young Women
Study. Stroke. 2007; 38:2438–45. [PubMed: 17690308]

5. Schurks M, Rist PM, Bigal ME, Buring JE, Lipton RB, Kurth T. Migraine and cardiovascular
disease: systematic review and meta-analysis. BMJ. 2009; 339:b3914. [PubMed: 19861375]

6. Kurth T, Mohamed S, Maillard P, Zhu YC, Chabriat H, Mazoyer B, et al. Headache, migraine, and
structural brain lesions and function: population based Epidemiology of Vascular Ageing-MRI
study. BMJ. 2011; 342:c7357. [PubMed: 21245119]

7. Kurth T, Gaziano JM, Cook NR, Logroscino G, Diener HC, Buring JE. Migraine and risk of
cardiovascular disease in women. JAMA. 2006; 296:283–91. [PubMed: 16849661]

8. Bigal ME, Kurth T, Santanello N, Buse D, Golden W, Robbins M, Lipton RB. Migraine and
cardiovascular disease: a population-based study. Neurology. 2010; 74:628–35. [PubMed:
20147658]

9. Scher AI, Terwindt GM, Picavet HS, Verschuren WM, Ferrari MD, Launer LJ. Cardiovascular risk
factors and migraine: the GEM population-based study. Neurology. 2005; 64:614–20. [PubMed:
15728281]

10. Hamed SA, Hamed EA, Ezz Eldin AM, Mahmoud NM. Vascular risk factors, endothelial function,
and carotid thickness in patients with migraine: relationship to atherosclerosis. J Stroke
Cerebrovasc Dis. 2011; 19:92–103. [PubMed: 20189084]

11. Kurth T, Ridker PM, Buring JE. Migraine and biomarkers of cardiovascular disease in women.
Cephalalgia. 2008; 28:49–56. [PubMed: 17986270]

12. Tietjen GE, Herial NA, White L, Utley C, Kosmyna JM, Khuder SA. Migraine and biomarkers of
endothelial activation in young women. Stroke. 2009; 40:2977–82. [PubMed: 19608996]

13. Gruber HJ, Bernecker C, Pailer S, Lechner A, Horejsi R, Moller R, et al. Lipid profile in normal
weight migraineurs - evidence for cardiovascular risk. Eur J Neurol. 2010; 17:419–25. [PubMed:
19968707]

14. Bigal ME. Migraine, lipid profile, and cardiovascular disease. Eur J Neurol. 2010; 17:342–3.
[PubMed: 19930446]

15. Monastero R, Pipia C, Cefalu AB, Liveri ET, Rosano R, Camarda R, Camarda C. Association
between plasma lipid levels and migraine in subjects aged > or =50 years: preliminary data from
the Zabut Aging Project. Neurol Sci. 2008; 29 (Suppl 1):S179–81. [PubMed: 18545929]

16. Tzourio C, Dufouil C, Ducimetiere P, Alperovitch A. Cognitive decline in individuals with high
blood pressure: a longitudinal study in the elderly. EVA Study Group. Epidemiology of Vascular
Aging. Neurology. 1999; 53:1948–52. [PubMed: 10599763]

17. Tzourio C, Tehindrazanarivelo A, Iglesias S, Alperovitch A, Chedru F, d’Anglejan-Chatillon J,
Bousser MG. Case-control study of migraine and risk of ischaemic stroke in young women. BMJ.
1995; 310:830–3. [PubMed: 7711619]

18. Cephalalgia. 2. Vol. 24 . 2004. The International Classification of Headache Disorders; p. 9-160.
19. Kurth T, Schurks M, Logroscino G, Gaziano JM, Buring JE. Migraine, vascular risk, and

cardiovascular events in women: prospective cohort study. BMJ. 2008; 337:a636. [PubMed:
18687721]

20. Dufouil C, Ducimetiere P, Alperovitch A. Sex differences in the association between alcohol
consumption and cognitive performance. EVA Study Group. Epidemiology of Vascular Aging.
Am J Epidemiol. 1997; 146:405–12. [PubMed: 9290500]

21. Nozari A, Dilekoz E, Sukhotinsky I, Stein T, Eikermann-Haerter K, Liu C, et al. Microemboli may
link spreading depression, migraine aura, and patent foramen ovale. Ann Neurol. 2010; 67:221–9.
[PubMed: 20225282]

Rist et al. Page 6

Cephalalgia. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rist et al. Page 7

Ta
bl

e 
1

A
ss

oc
ia

tio
n 

be
tw

ee
n 

he
ad

ac
he

 st
at

us
 a

nd
 p

er
so

na
l c

ha
ra

ct
er

is
tic

s i
n 

th
e 

Ep
id

em
io

lo
gy

 o
f V

as
cu

la
r A

ge
in

g 
St

ud
y 

(N
=1

15
5)

V
ar

ia
bl

e
N

o 
hi

st
or

y 
of

 se
ve

re
 h

ea
da

ch
e 

(n
=9

25
)

N
on

-m
ig

ra
in

e 
he

ad
ac

he
 (n

=6
4)

M
ig

ra
in

e 
w

ith
ou

t a
ur

a 
(n

=1
43

)
M

ig
ra

in
e 

w
ith

 a
ur

a 
(n

=2
3)

A
ge

, y
ea

rs
 (S

D
)

69
.0

 (3
.0

)
69

.1
 (3

.0
)

69
.1

 (3
.0

)
69

.0
 (2

.9
)

Fe
m

al
e,

 %
54

.3
50

.0
86

.0
78

.3

C
ho

le
st

er
ol

, m
m

ol
/l

6.
1 

(1
.0

)
6.

1 
(0

.8
)

6.
2 

(1
.0

)
6.

6 
(0

.9
)

LD
L 

ch
ol

es
te

ro
l, 

m
m

ol
/l

3.
8 

(0
.9

)
3.

8 
(0

.8
)

3.
9 

(0
.9

)
4.

1 
(0

.7
)

H
D

L 
ch

ol
es

te
ro

l, 
m

m
ol

/l
1.

7 
(0

.5
)

1.
7 

(0
.5

)
1.

8 
(0

.5
)

1.
9 

(0
.5

)

N
on

-H
D

L 
ch

ol
es

te
ro

l, 
m

m
ol

/l
4.

4 
(0

.9
)

4.
4 

(0
.9

)
4.

4 
(1

.0
)

4.
8 

(0
.9

)

C
ho

le
st

er
ol

 ra
tio

3.
7 

(1
.0

)
4.

4 
(4

.3
)

3.
6 

(1
.0

)
3.

9 
(1

.1
)

Tr
ig

ly
ce

rid
es

, m
m

ol
/l

1.
3 

(0
.6

)
1.

4 
(0

.7
)

1.
2 

(0
.6

)
1.

6 
(0

.8
)

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 m
m

H
g

13
5.

9 
(2

0.
5)

13
5.

4 
(2

0.
9)

13
1.

2 
(2

1.
2)

13
2.

7 
(1

9.
7)

D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 m

m
H

g
77

.3
 (1

2.
4)

76
.5

 (1
1.

9)
75

.3
 (1

3.
0)

77
.1

 (1
4.

6)

B
od

y 
m

as
s i

nd
ex

, k
g/

m
2

25
.9

 (3
.8

)
25

.8
 (3

.9
)

25
.7

 (4
.2

)
25

.2
 (3

.6
)

Sm
ok

in
g 

st
at

us
, %

 
N

ev
er

56
.7

54
.7

74
.1

60
.9

 
Pa

st
34

.6
34

.4
21

.7
30

.4

 
C

ur
re

nt
8.

8
10

.9
4.

2
8.

7

A
lc

oh
ol

 in
ta

ke
, g

/d
ay

15
.7

 (1
8.

0)
15

.8
 (2

0.
7)

8.
0 

(1
1.

7)
9.

2 
(1

3.
8)

Ev
er

 u
se

d 
ch

ol
es

te
ro

l m
ed

ic
at

io
n,

 %
31

.9
32

.8
29

.4
34

.8

LD
L=

lo
w

 d
en

si
ty

 li
po

pr
ot

ei
n;

 H
D

L=
hi

gh
 d

en
si

ty
 li

po
pr

ot
ei

n;
 c

ho
le

st
er

ol
 ra

tio
=t

ot
al

 c
ho

le
st

er
ol

/H
D

L 
ch

ol
es

te
ro

l

N
um

be
rs

 a
re

 m
ea

ns
 (s

ta
nd

ar
d 

de
vi

at
io

n)
 u

nl
es

s o
th

er
w

is
e 

in
di

ca
te

d.

Pe
rc

en
ta

ge
 m

ay
 n

ot
 a

dd
 u

p 
to

 1
00

%
 d

ue
 to

 ro
un

di
ng

 o
r m

is
si

ng
 v

al
ue

s

Cephalalgia. Author manuscript; available in PMC 2012 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rist et al. Page 8

Ta
bl

e 
2

M
ul

tiv
ar

ia
bl

e-
ad

ju
st

ed
*  r

el
at

iv
e 

ris
ks

 h
ea

da
ch

e 
st

at
us

 a
cc

or
di

ng
 to

 b
io

m
ar

ke
r t

er
til

es
 in

 th
e 

EV
A

 S
tu

dy
 (N

=1
15

5)
.

N
o 

se
ve

re
 h

ea
da

ch
e 

(n
=9

25
)

N
on

-m
ig

ra
in

e 
he

ad
ac

he
 (n

=6
4)

M
ig

ra
in

e 
w

ith
ou

t a
ur

a 
(n

=1
43

)
M

ig
ra

in
e 

w
ith

 a
ur

a 
(n

=2
3)

n
%

n
%

R
R

 (9
5%

 C
I)

n
%

R
R

 (9
5%

 C
I)

n
%

R
R

 (9
5%

 C
I)

T
ot

al
 C

ho
le

st
er

ol

 
1st

 te
rti

le
31

8
34

.4
21

32
.8

1.
00

44
30

.8
1.

00
2

8.
7

1.
00

 
2nd

 te
rti

le
30

9
33

.4
27

42
.2

1.
37

 (0
.7

5,
 2

.5
0)

45
31

.5
0.

94
 (0

.5
9,

 1
.4

9)
9

39
.1

4.
67

 (0
.9

9,
 2

1.
97

)

 
3rd

 te
rti

le
29

8
32

.2
16

25
.0

0.
86

 (0
.4

3,
 1

.7
2)

54
37

.8
0.

97
 (0

.6
2,

 1
.5

2)
12

52
.2

5.
97

 (1
.2

9,
 2

7.
61

)

L
D

L

 
1st

 te
rti

le
31

0
33

.5
23

35
.9

1.
00

46
32

.2
1.

00
5

21
.7

1.
00

 
2nd

 te
rti

le
31

6
34

.2
22

34
.4

0.
97

 (0
.5

3,
 1

.7
8)

47
32

.9
0.

98
 (0

.6
2,

 1
.5

4)
9

39
.1

1.
82

 (0
.6

0,
 5

.5
5)

 
3rd

 te
rti

le
29

9
32

.3
19

29
.7

0.
89

 (0
.4

7,
 1

.6
9)

50
35

.0
0.

95
 (0

.6
0,

 1
.4

9)
9

39
.1

1.
87

 (0
.6

1,
 5

.7
7)

H
D

L

 
1st

 te
rti

le
32

6
35

.2
21

32
.8

1.
00

35
24

.5
1.

00
6

26
.1

1.
00

 
2nd

 te
rti

le
30

6
33

.1
25

39
.1

1.
34

 (0
.7

2,
 2

.5
0)

54
37

.8
1.

22
 (0

.7
5,

 1
.9

6)
7

30
.4

0.
98

 (0
.3

2,
 3

.0
6)

 
3rd

 te
rti

le
29

3
31

.7
18

28
.1

1.
02

 (0
.5

0,
 2

.0
9)

54
37

.8
1.

14
 (0

.6
9,

 1
.8

8)
10

43
.5

1.
35

 (0
.4

4,
 4

.1
9)

N
on

-H
D

L

 
1st

 te
rti

le
30

4
32

.9
22

34
.4

1.
00

53
37

.1
1.

00
4

17
.4

1.
00

 
2nd

 te
rti

le
31

5
34

.1
22

34
.4

0.
99

 (0
.5

3,
 1

.8
4)

45
31

.5
0.

83
 (0

.5
3,

 1
.3

0)
10

43
.5

2.
66

 (0
.8

1,
 8

.7
5)

 
3rd

 te
rti

le
30

6
33

.1
20

31
.3

0.
94

 (0
.5

0,
 1

.7
9)

45
31

.5
0.

74
 (0

.4
7,

 1
.1

6)
9

39
.1

2.
39

 (0
.7

1,
 8

.0
5)

T
ri

gl
ye

rc
id

es

 
1st

 te
rti

le
30

8
33

.3
20

31
.3

1.
00

55
38

.5
1.

00
4

17
.4

1.
00

 
2nd

 te
rti

le
31

7
34

.3
18

28
.1

0.
90

 (0
.4

6,
 1

.7
3)

47
32

.9
0.

85
 (0

.5
5,

 1
.3

1)
7

30
.4

1.
85

 (0
.5

3,
 6

.4
5)

 
3rd

 te
rti

le
30

0
32

.4
26

40
.6

1.
43

 (0
.7

5,
 2

.7
2)

41
28

.7
0.

88
 (0

.5
5,

 1
.4

1)
12

52
.2

4.
42

 (1
.3

2,
 1

4.
77

)

C
ho

le
st

er
ol

 R
at

io

 
1st

 te
rti

le
29

3
31

.7
23

35
.9

1.
00

59
41

.3
1.

00
6

26
.1

1.
00

 
2nd

 te
rti

le
32

1
34

.7
21

32
.8

0.
82

 (0
.4

4,
 1

.5
2)

43
30

.1
0.

73
 (0

.4
7,

 1
.1

3)
8

34
.8

1.
45

 (0
.4

9,
 4

.3
2)

 
3rd

 te
rti

le
31

1
33

.6
20

31
.3

0.
78

 (0
.4

1,
 1

.5
1)

41
28

.7
0.

82
 (0

.5
1,

 1
.3

0)
9

39
.1

2.
03

 (0
.6

7,
 6

.2
0)

LD
L=

lo
w

 d
en

si
ty

 li
po

pr
ot

ei
n;

 H
D

L=
hi

gh
 d

en
si

ty
 li

po
pr

ot
ei

n;
 c

ho
le

st
er

ol
 ra

tio
=t

ot
al

 c
ho

le
st

er
ol

/H
D

L 
ch

ol
es

te
ro

l

R
el

at
iv

e 
ris

ks
 a

re
 o

dd
s r

at
io

s c
al

cu
la

te
d 

fr
om

 a
 m

ul
tin

om
in

al
 lo

gi
st

ic
 re

gr
es

si
on

 m
od

el
 u

si
ng

 p
ar

tic
ip

an
ts

 in
 th

e 
lo

w
es

t t
er

til
e 

of
 e

ac
h 

bi
om

ar
ke

r a
nd

 w
ith

ou
t h

is
to

ry
 o

f m
ig

ra
in

e 
as

 re
fe

re
nc

e 
gr

ou
p.

Cephalalgia. Author manuscript; available in PMC 2012 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rist et al. Page 9
* A

dj
us

te
d 

fo
r a

ge
, g

en
de

r, 
sm

ok
in

g 
st

at
us

, e
ve

r c
ho

le
st

er
ol

 m
ed

ic
at

io
n 

us
e,

 a
lc

oh
ol

 c
on

su
m

pt
io

n,
 sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

an
d 

bo
dy

 m
as

s i
nd

ex
.

Te
rti

le
 c

ut
po

in
ts

 fo
r t

he
 fi

rs
t a

nd
 se

co
nd

 te
rti

le
s w

er
e 

de
fin

ed
 a

s t
he

 fo
llo

w
in

g:
 to

ta
l c

ho
le

st
er

ol
: 5

.7
1 

an
d 

6.
49

 m
m

ol
/l,

 L
D

L 
ch

ol
es

te
ro

l: 
3.

42
 a

nd
 4

.1
9 

m
m

ol
/L

, H
D

L 
ch

ol
es

te
ro

l 1
.5

 a
nd

 1
.9

 m
m

ol
/l,

 n
on

-
H

D
L 

ch
ol

es
te

ro
l: 

3.
97

 a
nd

 4
.7

9 
m

m
ol

/l,
 tr

ig
ly

ce
rid

es
: 0

.9
8 

an
d 

1.
42

 m
m

ol
/l,

 a
nd

 c
ho

le
st

er
ol

 ra
tio

: 3
.1

8 
an

d 
4.

03
 re

sp
ec

tiv
el

y.
 A

ll 
va

lu
es

 g
re

at
er

 th
an

 th
es

e 
cu

tp
oi

nt
s w

er
e 

ca
te

go
riz

ed
 a

s b
ei

ng
 in

 th
e 

th
ird

te
rti

le
.

Cephalalgia. Author manuscript; available in PMC 2012 October 1.


