
1 
 

Lifestyle factors and risk of migraine and tension-type 

headache. Follow-up data from the Nord-Trøndelag 

Health Surveys 1995-1997 and 2006-2008. 

 
Knut Hagen, MD, PhD1,2, Anders Nikolai Åsberg1, Lars Stovner, MD, PhD1,2, Mattias Linde, MD, 
PhD1,2, John-Anker Zwart MD, PhD3,4, Bendik Slagsvold Winsvold MD,PhD 3,4, Ingrid Heuch 
MD,PhD5 

 

1Department of Neuromedicine and Movement science, Norwegian University of Science and 
Technology, Trondheim, Norway;, 2Norwegian Advisory Unit on Headaches, St. Olavs University 
Hospital, Trondheim, Norway; 3Department of Neurology and FORMI; Oslo University Hospital, 
Oslo, Norway, 4Institute of Clinical Medicine, University of Oslo, Oslo, Norway, and 5Department 
of Research, Innovation and Education, Division of Clinical Neuroscience, Oslo University 
Hospital, Oslo, Norway. 
 
Number of pages: 17 
Number of figures and tables: 3  
Word count: Main manuscript: 2457 
 
Correspondence and reprint requests to: 
Knut Hagen 
Department of Neuromedicine and Movement science 
Faculty of Medicine, Norwegian University of Science and Technology  
7489 Trondheim, Norway 
Phone: +4795287210, Fax: +47 72 57 56 57 

E-mail: knut.hagen@ntnu.no  
 

Key words: Migraine, tension-type headache, epidemiology, lifestyle, general population, follow-

up  

 

 

 

 

 

 



2 
 

Aims The aim of this population-based historical cohort study was to investigate the influence of 

lifestyle factors on the risk of developing migraine or tension-type headache (TTH).  

Methods Data from the Nord-Trøndelag Health Study performed in 1995-1997 and 2006-2008 

2006-2008 was used. A total of 15,276 participants without headache at baseline were included. A 

Poisson regression was used to evaluate the associations between lifestyle factors and risk ratios 

(RRs) of migraine and TTH 11 years later. Precision of the estimates was assessed by 95% 

confidence interval (CIs). 

Results Increased risk of migraine (RR 1.30, 95% CI 1.11-1.52) was found in smokers (past or 

current) compared to those who never had smoked. Hard physical exercise 1-2 hours per week 

reduced the risk of migraine (OR 0.71, 95% CI 0.54-0.94) compared to inactivity, and the risk of 

migraine was also lower among those who consumed alcohol (RR 0.73, 95% CI 0.57-0.94) 

compared to abstainers. No association was found between smoking, physical activity, alcohol use 

and risk of TTH. 

Conclusions The main finding was that current and previous smoking was associated with 

increased risk of migraine, but not of TTH.  
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Introduction 

Physical inactivity, alcohol overuse, smoking and obesity have a well-known negative influence on 

health (1-4).  Few longitudinal population-based studies have evaluated the impact of these 

modifiable lifestyle factors on the risk of migraine and other headaches. 

 Many cross-sectional studies have suggested an association between migraine and other 

headaches and obesity (5), whereas the association with smoking varies between population-based 

studies (6). Some studies have found a positive association between smoking and headache (7-11), 

but three other studies have not (12-14). Similarly, the cross-sectional relationship between alcohol 

use and migraine is unclear (15). No relationship between alcohol consumption and migraine have 

been found in some cross-sectional studies (e.g. 13, 14), whereas others have reported lower 

prevalence of migraine among alcohol users (7, 16).  

 Regarding physical activity several longitudinal population-based studies have been 

performed. Based on data from the Nord-Trøndelag Health Surveys (HUNT), we have previously 

reported that physical inactivity increased the risk of headache (17), and that smoking and physical 

inactivity more than doubled the risk of medication-overuse headache (18).  

 In the present study, we have analyzed historical data in the HUNT population. Our aim was 

to evaluate the influence of physical activity, alcohol use, smoking and body mass index (BMI) on 

the risk of developing migraine or tension-type headache (TTH).  

 

Methods 

Study design 

This is a population-based historical cohort study. The influence of lifestyle factors at baseline was 

evaluated on the risk of headache 11 years later. 

 

Study Population 

The HUNT surveys have been conducted in Nord-Trøndelag County, Norway, in 1984-1986 

(HUNT 1), in 1995-1997 (HUNT2), and in 2006-2008 (HUNT3) (19). All surveys incorporate 
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comprehensive questionnaires regarding health history, and the participants were invited to a 

clinical examination, involving the measurement of weight, height, blood pressure and of blood 

sampling (19).  In HUNT2 and HUNT3 the entire population of the Nord-Trøndelag County aged 

20 years of age or more was invited to answer many health-related items in two different 

questionnaires (Q1 and Q2), including questions about lifestyle factors and headache.  

 

Headache status in HUNT2 

Subjects who answered yes to the Q2 screening question in HUNT2 “Have you suffered from 

headache during the last 12 months?” were classified as headache sufferers. Those who answered 

“no” to the screening question were defined as the population at risk being without headache. The 

validity of the questionnaire-based status of being a headache sufferer has been reported previously 

with a sensitivity of 83% and specificity of 85% (kappa value 0.57, 95% CI 0.41-0.73) (20).  

  

Lifestyle factors in HUNT2 

Body mass index (BMI) was calculated based on measurements of weight and height. The BMI 

categories were defined in accordance with the World Health Organization (WHO) criteria for the 

Western population; underweight < 18.50, normal range 18.50-24.99, overweight 25.0-29.99, and 

obesity ≥30.0 kg/m2 (5). The Q1 included four questions about past or present daily use of 

cigarettes, cigars, cigarillos or pipe. Participants were divided into three categories; current daily 

smoking, previously daily smoking and never daily smoking in accordance with other HUNT 

studies (e.g. 7, 21). Physical activity was assessed by the following validated question: “How much 

of your leisure time have you been physically active during the last year? The participants were then 

asked to specify number of hours per week of light (no sweating or heavy breathing) and hard 

(sweating and heavy breathing) physical activity with the response options; “none”, “less than 

hour”, “1-2 hours”, and “three or more hours for both light and hard activity” (17, 22). The question 

about hard physical activity has found to be a valid measure of vigorous activity (22).  Based on the 

non-validated question in Q1 “How many times per month do you usually drink alcohol”, the 
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participants were divided into four groups; no use, less than 4 times per month, 4-7 times/month, or 

at least 8 times/month (7). 

 

Headache diagnosis in HUNT3 

The HUNT3 Q2 questionnaire included 14 questions regarding headache designed to determine 

whether the person suffered from headache, and fulfilled the International Classification of 

Headache Disorders, second edition (ICHD-II) criteria for migraine or TTH (23). The diagnoses 

were mutually exclusive. “Unclassified headache” emerged as an exclusion diagnosis defined by a 

positive answer to the screening question, but without fulfilling the diagnosis of migraine or TTH.  

The composite group of “any headache” consisted of participants with migraine, TTH, or 

unclassified headache. The validity of these questionnaire-based diagnoses and the prevalence of 

the various headache disorders have been reported previously (24): for any headache, the sensitivity 

was 88% and specificity 86% (kappa value 0.70, 95% CI 0.61-0.79); for migraine, the sensitivity 

was 51% and specificity 95% (Kappa values 0.50, 95% CI 0.32-0.68); and for TTH ≥1 days/month 

the sensitivity was 96% and specificity was 0.69% (kappa value 0.44, 95% CI 0.30-0.58) (24).  

 

Study population 

In HUNT2, 65,257 persons (70%) participated out of 93,898 invited (Figure 1). Among these, 

51,856 (55% of all invited) answered whether they suffered from headache or not. A total of 93,860 

persons were invited in HUNT3, whereof 39,690 (42%) answered the headache questions. Among 

the 65,257 persons who participated in HUNT2, 8,545 had died and 4,357 moved out of the county 

before HUNT3. In total, 40,255 persons participated in both HUNT2 and HUNT3. Among these, 

26,197 (65%) had answered headache questions in both HUNT2 and HUNT3. The population at 

risk of headache in HUNT2 counted 15,276 individuals who did not suffer from headache in that 

survey (Figure 1). Among these, 7,495 were women and 7,781 were men. 

 

Potential confounders  
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HUNT2 included a wide range of health-related information, and several factors have previously 

been identified to be associated with any headache and migraine (25). However, over-adjustment 

bias is a potential problem in epidemiological studies (26). Thus, in accordance with a pre-planned 

strategy, it was decided to include the following variables available at HUNT2 as potential 

confounders because of their well-known impact on headache prevalence (25, 27): age (5-years 

categories); gender, years of education in HUNT2 (≤9, 10-12 and ≥13 years); and anxiety and 

depression as measured by the scores of the total Hospital Anxiety and Depression Scale (HADS) 

(continuous variable).  

Ethics 

All participants signed a written consent, and the study was approved by the Regional Committee 

for Ethics in Medical Research. The study was carried out according to the Declaration of Helsinki.   

 

Statistical analysis 

A modified Poisson regression with a robust error variance was used to estimate risk ratios (RRs) of 

migraine, TTH and unclassified headache associated with BMI, smoking, alcohol use and physical 

activity (28). For the lifestyle exposures, participants who reported easy or hard physical activity 

were compared with the reference group with physical inactivity. Overweight, obese and 

underweight participants were compared with the reference group with normal weight (BMI 18.50-

24.99 kg/m2). Current and previous smokers were compared to the reference group of never 

smokers, and participants who reported use of alcohol were compared to the reference group with 

no use. Precision of RRs were assessed by 95% confidence intervals (CIs). The confounding effect 

of each potential confounder was quantified by comparing the adjusted RR with the crude RR. Total 

HADS score changed the RR less than 0.01, and was therefore not included in the final analyses.  

All associations were adjusted for the three other confounding factors: age, gender, and education 

(<10 years, 10-12 years, ≥13 years).  

 Potential interaction between to variables was evaluated by including the product of the 

variables in the regression model (e.g. headache and age, and headache and gender), and the 
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interaction was tested using Wald test. For smoking we performed a sensitivity analysis where age 

was dichotomized as <50 and ≥ 50 years of age, resulting in two groups of approximately equal 

size. In the final analyses, participants with incomplete data for education (n=309) were included 

(as a separate missing category) to reduce the impact of non-response bias.   

  Data analyses were performed with the IBM SPSS version 22 (SPSS, Chicago, Illinois, 

USA) 

 

Results 

Baseline characteristics of the population at risk in HUNT2 related to headache categories in 

HUNT3 are given in Table 1. At follow-up, the prevalence of any headache was 16.1%, for 

migraine 4.2%, TTH 5.6%, and unclassified headache 6.3%. People with headache were younger 

and more likely to be current smokers than those without headache (Table 1). 

Table 2 shows the association between lifestyle factors at baseline and risk of headache at follow-

up. No interaction was observed between headache and gender (Pinteraction> 0.50), and thus all results 

are presented for men and women combined.  

 

Smoking 

In the multivariate analyses, previous and current smoking were both associated with increased risk 

migraine compared to never smoking (Table 2). When merging previous and current smoking into a 

single category, those who had smoked had an increased risk of migraine (RR 1.30, 95% CI 1.11-

1.52), compared to those who had never smoked. No such relationship was found between smoking 

and TTH. 

 A statistical significant interaction was found between age and migraine (Pinteraction <0.001). 

In the sensitivity analysis, age was dichotomized as <50 and ≥ 50 years of age. Current smokers 

below 50 years of age had an increased risk of migraine (RR 1.37, 95% CI 1.12-1.68) compared to 

those who had never smoked, whereas no relationship was found between previous smokers and 

migraine. In those aged 50 years and above, previous smokers had an increased risk of migraine 
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(RR 1.71, 95% CI 1.19-2.47) compared to those who never had smoked, whereas no relationship 

was found between current smokers and migraine. 

 

BMI 

No evident association found between BMI categories and migraine or TTH (Table 2).  

 

Physical activity 

No clear dose-response relationship between physical activity groups and migraine or TTH was 

found. However, 1-2 hour’s hard physical activity per week was associated with reduced risk of 

migraine (RR 0.71, 95% CI 0.54-0.94) compared to being inactive (Table 2). Risk of migraine was 

also reduced (RR 0.78, 95% CI 0.62-0.99) in those with 1-3 hours light activity/week (Table 2). 

 

Use of alcohol 

A lower risk of headache (RR 0.78, 95% CI 0.64-0.93) and migraine (RR 0.52, 95% CI 0.32-0.82) 

was found among those who reported to use alcohol eight times or more per month (n=1099), 

compared to abstainers (n=1275) (Table 2). Among all individuals who reported using alcohol at 

least once a month (n=13,952), the RR of migraine was 0.73 (95% CI 0.57-0.94) compared to 

abstainers. No associations were found between alcohol use and risk of TTH and unclassified 

headache.  

 

Discussion 

In this population-based cohort study the main finding was an increased risk of migraine in current 

smokers below 50 years of age and in previous smokers aged 50 years or above.  

 

Strengths and limitations of the study 

The major strengths of this study are the longitudinal population-based cohort design with many 

participants, a wide age range, and the use of validated diagnoses of headache (24). In the 
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multivariate analyses, many potential confounding factors were available. However, to avoid over-

adjustment bias (26), we adjusted only for the most established confounding factors in headache 

epidemiological studies. However, the possibility of residual confounding by an unrecognized 

factor cannot be ruled out. We adjusted for the same confounding factors in all analyses, making the 

estimated RRs for the four different lifestyle factors comparable.  

 Several study limitations should also be considered. Firstly, we have no information about 

potential risk factors of headache that may have appeared during the follow-up period before 

HUNT3.  Secondly, subjects who answered no to the screening question in HUNT2 “Have you 

suffered from headache during the last 12 months?” were classified as without headache and 

comprised the population at risk. However, this group also included those who experienced 

headache without defining themselves as being headache sufferers. In fact, 74% of participants in 

the validation study of HUNT3 reported having had headache during the last year, whereas only 

31% stated that they had suffered from headache during the same period (29). Thus, in this follow-

up study, we evaluated the influence of lifestyle factors on the risk of changing the status from 

being a non-headache sufferer into being a headache sufferer, subdivided into migraine, TTH or 

unclassified headache. 

Thirdly, generalization of the results to the entire population must be made with some 

caution, since only 50% of those who answered headache questions in HUNT2 were included in the 

present study (61% of those eligible for HUNT3), and we cannot be certain that loss to follow-up 

was random.  

 

Comparison with other studies 

Smoking 

Conflicting data have been found in previous cross-sectional population-based studies (6). While 

some studies have found an association between smoking and headache (7-11), others have not (12-

14). Analyses stratifying for age are lacking. This was, however, performed in a cross-sectional 

study based on HUNT2 data (7), demonstrating that headache was associated with current smoking 
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in individuals <40 years (OR 1.4, 95% CI 1.2-1.5), and in ex-smokers for those ≥40 years (OR 1.1, 

95% CI 1.1-1.2). Regarding ex-smokers, a similar tendency was found in a follow-up study of 4472 

smokers in USA aged 18-30 years (hazard ratio for migraine of 1.35, 95% CI 1.08-1.68 in current 

smokers and 1.23, 95% CI 0.93-1.62 in former smokers) (8).  

 

BMI 

In contrast to findings in a previous meta-analysis (5) and in cross-sectional studies based on 

HUNT2 (9, 25), no clear association between BMI and risk of migraine or other headaches was 

found in the present study  

 

Physical exercise 

Most studies evaluating physical exercise and headache have a cross-sectional design. In 

accordance with the present results, a lower prevalence of migraine has been found among those 

who exercise regularly (30), and a previous follow-up study based on HUNT1 and HUNT2 showed 

that physical inactivity increased the risk of headache compared to those who were physical active 

(17). In addition, recently published cross-sectional data based on HUNT3 indicate an inverse 

relationship between peak oxygen uptake and headache and migraine for adults below 50 years of 

age (31).  

 

Use of alcohol 

Some cross-sectional studies, including one of HUNT2 (7), have reported lower prevalence of 

migraine among alcohol users (16). To our knowledge, the current report is the first follow-up study 

to show that the risk of developing migraine was lower among those who consumed alcohol, when 

compared to abstainers.  

 

Interpretation 

We found an increased risk of any headache and migraine in current smokers below 50 years of age 



11 
 

and in previous smokers aged 50 years or above. The mechanism behind these findings is unclear 

and likely complex. Tobacco has well-known analgesic properties (6), and one possible explanation 

is that smoking leads to headache in a similar way that analgesics lead to medication overuse 

headache (MOH) (7). Supporting of this hypothesis it the finding that smoking more than doubles 

the risk of MOH, but does not increase the risk of chronic daily headache without MOH (18). 

However, the increased risk of headache and migraine in older previous smokers need to be 

explained by other mechanisms. It is possible that being an ex-smoker in this age group is an 

indicator of behavior that promotes headache or reflects dysfunctional pain coping strategies. 

 We found that smoking increased the risk of migraine. Interestingly, migraine and smoking 

are both risk factors for stroke (32). The pathophysiological mechanisms explaining the relationship 

between migraine and stroke is still unclear (32). Althought adjustment for smoking is performed in 

analyses evaluating migraine as a risk factor for stroke, we cannot rule out the possibility of residual 

confounding and that smoking, at least in part, may cause the increased risk of stroke in 

migraineurs. 

 The lower risk of migraine among those who consumed alcohol as compared to abstainers, 

is likely to reflect the fact that alcohol is a common perceived trigger of headache and migraine 

(reversed causality) (15). Conceivably, individuals who at baseline in HUNT2 already had 

experienced headache or migraine attacks without defining themselves as headache sufferers may 

tend to avoid use of alcohol. 

 We did not find any clear dose-response relation between physical activity groups and 

headache, but hard physical activity 1-2 hours per week was associated with reduced risk of any 

headache and migraine. Several factors may explain this finding. Firstly, we cannot rule out the 

possibility that individuals who already had experienced severe headache or migraine attacks may 

avoid exercise (reversed causality). Secondly, regular hard activity may be protective against 

headache through psychological or biological mechanisms, e.g. by enhancing endorphin production.  

 

Conclusions 
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In this population-based cohort study current and former smokers had increased risk of migraine, 

but not of TTH.  

 

Clinical implications 

• Smoking was associated with increased risk of headache and migraine 

• Alcohol use decrease the risk of migraine  

• No association was found between body mass index and risk of headache  
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