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Abstract

Background: The study of risk factors of migraine is important, not 
least because migraine prevalence seems to increase. The knowledge 
of risk factors remains limited, however, despite years of research. 
The objective was to evaluate some possible somatic and environ-
mental risk factors for the development of migraine.

Methods: The Danish Twin Omnibus 1994 and 2002 were question-
naire surveys investigating somatic disorders, lifestyle factors and so-
cioeconomic factors. Both studies used the same validated questions 
to diagnose migraine. The study population included twin individuals 
born between 1953 and 1976 who in 1994 reported never to have 
had migraine. We compared the groups with and without a specific 
disorder or environmental factor in 1994 with regard to their migraine 
status in 2002.

Results: This study comprised 13,498 subjects (6,513 men and 6,985 
women). The 8-year risk of developing migraine was significantly 
increased in subjects who already had low back pain (odds ratio (OR) 
= 1.3; 95% CI = 1.2 - 1.4). Environmental factors associated with an 
increased risk of development of migraine were low education (OR = 
1.3; 95% CI = 1.1 - 1.5), heavy physical workload (OR = 1.1; 95% CI 
= 1.0 - 1.2), heavy physical recreational activity (OR = 1.2; 95% CI 
= 1.0 - 1.3) and body mass index (BMI) < 18.5 (OR = 1.3; 95% CI = 
1.1 - 1.6). Subjects with weekly or more frequent alcohol consump-
tion had a lower risk of developing migraine compared to subjects 
with less frequent or no consumption of alcohol (OR = 0.6; 95% CI 
= 0.6 - 0.7).

Conclusions: This large-scale longitudinal population-based study 
showed that the risk of development of self-reported migraine was 
increased in subjects with low back pain, low education, heavy physi-
cal workload and heavy physical recreational activity, and decreased 
in those with frequent alcohol consumption.
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Introduction

The study of risk factors of migraine is important in order to 
prevent migraine in the general population. Despite several 
large studies published recently [1-3], our understanding of 
the risk factors of migraine remains limited. Several twin stud-
ies have shown that the heritability of the migraine phenotype 
is approximately 40-60% [4-9]. The rest should, therefore, be 
accounted for by environmental factors. Some factors may af-
fect migraine in a positive and others in a negative way. Our 
previous cross-sectional studies showed that low level of 
schooling and education, unemployment or smoking were as-
sociated with an increased risk of migraine, whereas an inverse 
association was seen between physical exercise and migraine 
[10]. Migraine was co-morbid with several somatic diseases 
including low back pain, arthritis, thyroid diseases, asthma 
and allergies, suggesting that such disorders may play a role in 
the development of migraine [11]. In order to identify factors 
or diseases that may be potential risk factors and not conse-
quences of migraine, longitudinal studies are required. So far 
only few longitudinal studies have investigated risk factors of 
migraine [1, 12-14].

The Danish Twin Omnibus 1994 and 2002 were question-
naire studies among almost 30,000 and 35,000 twin individu-
als respectively. They included questions regarding migraine, 
several somatic disorders, lifestyle factors and socioeconomic 
factors. Both studies used the same validated questions to di-
agnose migraine as well as its subtypes migraine with aura 
(MA) and migraine without aura (MO) [15, 16]. In this paper 
the twin status is disregarded and the material is presented as a 
random sample from the Danish population, which is accept-
able since these twins are representative of the whole Dan-
ish population with regard to migraine [17] as well as several 
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other phenotypes, e.g., diabetes [18, 19], asthma [20] and mor-
tality [21]. Subjects who reported never to have had migraine 
in 1994 (baseline) were followed up in 2002. The aim of the 
study was to evaluate the possible contribution of some somat-
ic and environmental factors for the development of migraine 
in an adult population, stratified accordingly to MA and MO 
as well as sex.

Material and Methods

Study population

The Danish Twin Registry is the oldest and most complete na-
tional twin registry in the world [15]. The ascertainment of 
twins has been done in a variety of ways. The Danish Civil 
Registration System, which has registered all persons living in 
Denmark since April 2, 1968, was used as the primary source 
for enrollment of the twins in the present study [15, 16]. Twins 
born between 1953 and 1982 were identified via the mother 
assuming that a woman giving birth to more than one child 
within three consecutive days had twins [22].

Self-reported migraine was identified based on the follow-
ing questions. 1) Have you ever had migraine? 2) Have you 
ever had visual disturbances that lasted from 5 to 60 min and 
were succeeded by a headache?

Subjects answered “yes” to question 1 were classified as 
having migraine. MA was defined as subjects answering “yes” 
to both questions, and MO was defined as subjects answering 
“yes” to question 1 and “no” to question 2. Subjects answering 

“no” to question 1 were considered healthy. Validation of the 
screening questions showed that it is possible to identify 76% 
of all subjects with migraine, 85% of all with MA and 72% of 
all with MO. A detailed description of the validation of screen-
ing questions has been published elsewhere [11].

Our study population included twin individuals born be-
tween 1953 and 1976 (both inclusive) who had answered both 
migraine questions in 1994 and 2002. Those who reported 
having or having had migraine in 1994 were excluded. We 
used data from the 1994 survey to establish the exposure 
status. The outcome was based on self-reported migraine in 
2002.

The twin surveys

The Twin Omnibus 1994 and 2002 contained besides the mi-
graine questions also questions about several somatic diseases 
and environmental factors. In 1994 information about various 
diseases was based solely on self-report, whereas in 2002 most 
diagnoses on patients were self-reported physician-made di-
agnoses. This difference in the questions resulted in big dif-
ference in the prevalence of some diagnoses. We included 
only diagnoses with greater than 70% concordance in the two 
surveys. We therefore included only epilepsy (89%), asthma 
(86%) and low back pain (74%) in the analysis. The environ-
mental factors in 1994 included educational level, physical 
workload, physical recreational activity, smoking status, alco-
hol consumption, weight and height. Body mass index (BMI) 
was calculated from the height and weight measurements and 
categorized according to the World Health Organization’s BMI 

Figure 1. Flowchart of the study population aged 18 - 41. 
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classification [23].

Definition of risk factors

We considered a specific disease (asthma, epilepsy and low 
back pain in 1994) as a possible risk factor for migraine by 
comparing the prevalence of self-reported migraine in 2002 
in the groups with the specific disease to the prevalence in the 
group without the specific disease. For the environmental fac-
tors we compared the risk of reporting migraine for low educa-
tion (higher education for less than 3 years) vs. high education 
(higher education for more than 3 years); high physical work-
load (work including walk, lift and heavy physical demands) 
vs. low physical workload (mainly seated or standing); heavy 
physical recreational activity (2 h or more of heavy physical 
exercise per week) vs. low physical recreational activity (no 
or light physical exercise as well as heavy physical exercise 
less than 2 h per week); current smokers or former smokers vs. 
non-smokers; regular alcohol consumption (weekly or more 
frequent) vs. occasional alcohol consumption (less than week-
ly or no alcohol consumption); underweight, overweight and 
obese subjects vs. normal weight subjects [23].

Statistical analyses

Univariate analyses were used to investigate the association 
between migraine and each of the risk factors. We compared 
the groups with and without a specific disease or environmen-
tal factor in 1994 with regard to their migraine status in 2002. 
We used a generalized estimating equation model to adjust for 
relatedness. The results were given as odds ratios (ORs) with 
95% confidence intervals (CI). Missing data were excluded 
from the analyses. All analyses were stratified by migraine 
subtype and sex. Data analysis was performed with PASW 
Statistics Version 18.0 by SPSS Inc.

Results

A flowchart of the study population is presented in Figure 1. 
The 13,498 subjects aged 18 - 41 (6,513 men and 6,985 wom-

en) did not report having migraine ever in 1994. The mean age 
of this population was 29 ± 7 years (SD). The risk of develop-
ing migraine and its subtypes in 2002 dependent on having 
one of the three specific diseases evaluated or environmental 
factors in 1994 is summarized in Table 1 and 2.

We found that the 8-year risk of developing migraine was 
significantly increased in subjects who in 1994 had low back 
pain. The risk of developing MA as well as the risk of MO was 
also significantly increased in subjects with low back pain. 
Stratification by sex showed that low back pain was associ-
ated with the development of migraine both in men (OR = 
1.3; 95% CI = 1.1 - 1.6) and in women (OR = 1.3; 95% CI = 
1.1 - 1.4). Significant association with the development of MA 
and MO was also seen in men whereas the association was 
only significant for MA in women (data not shown). There was 
no association with migraine observed for asthma (OR = 1.1; 
95% CI = 0.9 - 1.4) or epilepsy (OR = 1.1; 95% CI = 0.7 - 1.6) 
(Table 1).

Environmental factors associated with an increased 
risk of development of migraine were low education, heavy 
physical workload, heavy physical recreational activity and 
underweight. The first three mentioned factors were associ-
ated with MO, whereas the risk of developing MA was only 
significantly increased in underweight subjects. Subjects 
with alcohol consumption weekly or more had a lower risk 
of developing migraine as well as MA and MO compared 
to subjects with occasional or no consumption of alcohol. 
Stratification by sex also showed this effect of regular alco-
hol consumption in men for both subtypes (MA: OR = 0.6; 
95% CI = 0.4 - 0.8, MO: OR = 0.7; 95% CI = 0.5 - 0.9) but 
not in women. Heavy physical workload was associated with 
the development of MO but not MA in men (OR = 1.4; 95% 
CI = 1.2 - 1.7) as well as in women (OR = 1.2; 95% CI = 
1.0 - 1.4).

Discussion

This 8-year longitudinal study comprised a large representa-
tive, non-selective sample (n = 13,498) of the Danish popu-
lation. The main findings indicated that the development of 
self-reported migraine was associated with low back pain and 
several environmental factors. The migraine subtypes MA and 

Table 1.  Associations Between Asthma, Epilepsy and Low Back Pain and the 8-Year Risk of Development of Migraine in a 
Danish Population Aged 18 - 41

Disease Migraine prevalence in % (n) MA prevalence in % (n) MO prevalence in % (n)
Asthma
Without asthma
OR (95% CI)

15.0 (1,127)
13.8 (1,735)
1.10 (0.89 - 1.35)

6.2 (42)
4.9 (555)
1.29 (0.92 - 1.79)

9.9 (70)
9.8 (1,180)
1.01 (0.78 - 1.30)

Epilepsy
Without epilepsy
OR (95% CI)

14.7 (29)
13.9 (1,841)
1.07 (0.72 - 1.58)

4.5 (8)
5.0 (595)
0.91 (0.45 - 1.87)

11.1 (21)
9.8 (1,246)
1.14 (0.73 - 1.80)

Low back pain
Without low back pain
OR (95% CI)

15.0 (1,257)
12.0 (611)
1.29 (1.17 - 1.44)

5.6 (423)
3.9 (181)
1.47 (1.23 - 1.76)

10.5 (834)
8.8 (430)
1.22 (1.08 - 1.38)
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MO were associated with different environmental factors, and 
so were men and women.

The three evaluated disorders as risk factors

In cross-sectional studies we have previously shown that mi-
graine is co-morbid with low back pain, asthma, epilepsy and 
several other somatic disorders [11]. Of the three diagnoses 
that could be evaluated in the present study, only low back 
pain seems, however, to be associated with the development of 
migraine and its subtypes. Our results agree with a Canadian 
study that showed an increased risk of migraine development 
with pre-existing back problems, but the investigators did not 
segregate the sexes [13]. It is likely that conditions involving 
musculoskeletal pain increase the risk of developing migraine 
by inappropriate muscle tension or compensatory structural 
adjustments of the neck or upper back muscles. A very small 
American study (n = 46) [24] reported that 46% (95% CI = 19-
73%) (6/13) of women developed MO following the onset of 
low back pain but as shown by the wide 95% CI, this is likely 
the same as the 18% migraine prevalence in women in the US. 
No significant difference was seen in men, since only 8% of 
men (2/26) developed MO [24]. Our study demonstrated that 
low back pain is associated with the development of migraine 
in both men and women. The same was true for the male sub-
jects in both MA and MO whereas in women this was only the 

case for MA. Asthma and epilepsy did not increase the risk of 
developing migraine in the present study. Asthma has previ-
ously been reported as not being a risk factor for the develop-
ment of migraine [13]. A family study of epilepsy did find the 
incidence risk of migraine to be 2.4 times higher in subjects 
with epilepsy than without epilepsy [25]. To our knowledge, 
no longitudinal population-based study on migraine and epi-
lepsy has been published.

Environmental factors

Previous cross-sectional studies have shown that social factors 
such as education [10, 26, 27] and socioeconomic status [26, 
28] are associated with migraine. It has been suggested that 
this may be due to downward social drift, but the present data 
suggest that low education and heavy physical workload may 
induce migraine. A cohort study of 779 3-year-old children fol-
lowed for 23 years showed that verbal IQ in childhood was 
associated with the development of migraine and the chance of 
school success was 9.5% less for students later diagnosed with 
migraine [29]. It is possible that factors associated with low 
education leading to low income may explain these otherwise 
alarming results. Thus, an unhealthy lifestyle, stress or poor 
education may be causative factors. Heavy physical workload 
predisposed to MA in women, but not in men, in one study 
[10], whereas heavy physical recreational activity is associated 

Table 2.  Associations Between Environmental Factors and the 8-Year Risk of Development of Migraine in a Danish Population Aged 
18 - 41

Environmental factor Migraine prevalence in % (n) MA prevalence in % (n) MO prevalence in % (n)
Low education
High education
OR (95% CI)

14.5 (1,393)
11.4 (208)
1.32 (1.13 - 1.54)

5.1 (440)
4.0 (67)
1.29 (1.00 - 1.68)

10.4 (953)
8.0 (141)
1.33 (1.11 - 1.60)

Heavy physical workload
Low physical workload
OR (95% CI)

14.7 (883)
13.2 (967)
1.13 (1.02 - 1.25)

4.9 (263)
4.9 (331)
0.98 (0.83 - 1.17)

10.8 (620)
9.1 (636)
1.21 (1.07 - 1.36)

Heavy physical rec. activity
Low physical rec. activity
OR (95% CI)

14.7 (907)
12.9 (813)
1.16 (1.05 - 1.29)

5.3 (294)
4.7 (268)
1.14 (0.96-1.35)

10.4 (613)
9.1 (545)
1.17 (1.04 - 1.32)

Underweight
Normal weight
OR (95% CI)

17.7 (121)
14.0 (1,393)
1.32 (1.08 - 1.62)

8.2 (50)
4.8 (429)
1.78 (1.32 - 2.40)

11.2 (71)
10.1 (964)
1.12 (0.87 - 1.45)

Overweight
Normal weight
OR (95% CI)

12.8 (291)
14.0 (1,393)
0.90 (0.79 - 1.04)

4.9 (101)
4.8 (429)
1.02 (0.81 - 1.28)

8.8 (190)
10.1 (964)
0.85 (0.73 - 1.00)

Obese
Normal weight
OR (95% CI)

13.4 (54)
14.0 (1,393)
0.95 (0.71 - 1.28)

4.4 (16)
4.8 (429)
0.92 (0.55 - 1.53)

9.8 (38)
10.1 (964)
0.97 (0.69 - 1.36)

Current or former smoker
Non-smoker
Odds ratio (95% CI)

13.8 (907)
14.1 (968)
0.97 (0.88 - 1.07)

5.1 (306)
4.8 (295)
1.08 (0.91 - 1.27)

9.6 (601)
10.2 (673)
0.93 (0.82 - 1.04)

Regular alcohol consumption
Occasionally alcohol cons.
OR (95% CI)

12.2 (948)
17.8 (752)
0.64 (0.58 - 0.71)

4.2 (298)
6.9 (256)
0.59 (0.50 - 0.70)

8.7 (650)
12.5 (496)
0.67 (0.59 - 0.76)



Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org 197

Le et al J Neurol Res. 2015;5(3):193-198

with a decreased risk of migraine in most [1, 2, 10] but not all 
[3] studies.

Exertion of the musculoskeletal apparatus leading to mus-
cle tensions may thus cause the experience of migraine. Mi-
graineurs are likely to avoid physical exertion in order to pre-
vent migraine attacks. Our finding could explain the association 
found previously between migraine and physical inactivity [2, 
5, 10]. Low back pain was more common among subjects with 
physically demanding work but not with heavy physical activi-
ty during leisure time [30]. We found that underweight subjects 
had a higher risk of developing migraine compared to normal 
weight subjects, but we could not confirm previous findings of 
an increased risk in obese persons. Smoking did not increase 
the risk of developing migraine. This is in keeping with an-
other study showing that smoking during mid-adolescence did 
not increase the risk of developing frequent headache includ-
ing migraine in adulthood [5, 31]. However, the risk of new 
migraine cases has been reported to be higher among current 
smokers in a cohort study with up to 15-year follow-up period 
[14]. That study used a slightly younger sample than ours, and 
it differentiated between former smokers and current smok-
ers. A separate analysis of current smokers at baseline in our 
study did not show any association with subsequent develop-
ment of migraine (data not shown). Regular alcohol consump-
tion in 1994 decreased the risk of developing migraine and its 
subtypes. Migraine sufferers are known to be prone to develop 
headache and migraine after alcohol consumption [32, 33]. We 
believe that subjects susceptible to migraine could have experi-
enced non-migraine headaches after alcohol prior to their onset 
of migraine. This could lead to avoidance behavior towards al-
cohol in migraine-prone individuals.

Methodological consideration

This study was a population-based twin study with a large 
sample size (n = 13,498). The subjects were studied twice, 8 
years apart. This sample size allowed for the analysis of risk 
for development of combined migraine, MA and MO for both 
three somatic disorders and several environmental factors. 
A limitation was that information on somatic disorders was 
obtained in 1994 by self-report and in 2002 by self-reported 
physician-made diagnoses. Thus only asthma, epilepsy and 
low back pain, which all had a concordance between the two 
surveys of > 70%, could be used. An additional limitation of 
this study is that it did not include evaluations of psychiatric 
disorders.

Conclusions

During a large 8-year longitudinal study, patients with low 
back pain developed more MA and MO than subjects with-
out this disorder. This was not the case for epilepsy or asthma. 
Low education and underweight were associated with an in-
crease risk of migraine, and regular alcohol consumption was 
associated with a decreased risk of MA and MO.

These results should be taken into account when migraine 
prevention in the general population is considered.
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