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Abstract

Objectives: The aim of this study was to examine the incidence and patterns of primary exercise headache (PEH) in resistance
trained male athletes. PEH is observed particularly during or after severe physical exercise and lasts up to 48 hours. While the focus
of the literature has mainly been on the prevalence of PEH in the general population, few studies on athlete populations have been
conducted so far. Therefore in a cohort study we examined the incidence and patterns of PEH in resistance trained athletes in an
Iranian male sample.

Methods: A population of 116 resistance trained athletes, between 14 to 63 years old, was recruited. PEH was identified in the athletes
according to a questionnaire based on the 3rd international classification of headache disorders. The athletes were followed up for
six months on a monthly basis while the incidence, pattern and risk factors of PEH were evaluated in them in a precise manner.
Results: The incidence of PEH in overall participants was evaluated 4.8 in 1000 hours exercise. The prevalence of headache during
the follow-ups was 19.8% in which the highest headache incidence occurred in 20-30 years old athletes. PEH mainly occurred after
sports and the quality of PEH was mainly a sudden (81%) pulsating (47%) headache which was felt mostly in the occipital region (39%).
The incidence of PEH had a strong statistical correlation with having a history of PEH (odds: 3.8; 95% CI:1.02-14.3).

Conclusions: Our study showed that incidence and prevalence of PEH in resistance trained athletes might be higher than general

population. History of PEH was the main risk factor for developing PEH in resistance trained athletes.
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1. Background

A relatively uncommon type of headache which is
caused by some form of exercise without any intracranial
disorder is called primary exercise headache (PEH) (1). Ac-
cording to the 3rd edition of the international classifica-
tion of headache disorders (ICHD-III), PEH occurs solely
during or after severe physical exercise and lasts within 48
hours (1).

The literatures’ focus was mainly on the prevalence of
PEH on the general population over the past decades (2-4).
Chenetal. in 2009, studied the prevalence and characteris-
tics of PEH among 1963 Taiwanese adolescents (13 - 15 years
old) and 10.2% of the students met the ICHD-II criteria (3).
Furthermore, in the study of Rabiee et al. the prevalence of
PEH in Tehran’s (Iran) population on a sample size of 2,300
people with a mean age of 36.3 was evaluated 7.3% (4). How-

ever, there has been different findings; for example Pascual
etal. in a10-year study (1996 - 2008) attempted to examine
the prevalence and also clinical features of different types
of headache in a 6,412 population study and only 11 cases
reported PEH (0.1%) (5). The inconsistency in the reported
prevalence may be due to recall bias or the characteristics
of the study populations (6).

Although examining specific groups (e.g., athletes) for
PEH is merited, few such studies on athlete populations
have been conducted so far(2,7,8). In a recent online survey
among 14,131 cyclists, 26% reported PEH which suggests its
high prevalence among athletes (2). Furthermore in a case
series of 129 athletes with sports-related headache, effort-
exertion headache was the most prevalent (60%) type of
headache in the none traumatic group which was followed
by sports migraine (15%) headache (7). Therewith, in an-
other study of Australian footballers, the prevalence of mi-
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graine headache complied with the exact IHS definition
was estimated 22% which compared with a community
control population (matched by sex and age) in the play-
ing season; was higher (OR: 6.3) (8). There are other small
sample size studies on headache in swimmers and basket-
ball players thatreported the characteristics of PEH in their
samples (9-11).

To the significance of this study, one of the sports
which may expose athletes to PEH is resistance train-
ing (12). Weight training has been reported as the sec-
ond most frequent headache-related sports after running
(12). The study of Jahani et al. on an Iranian population
showed that wrestlers had a higher rate of headache preva-
lence than other athletes (13). Only a few case reports of
headache in weightlifters have been reported so far (14-
16). Furthermore, previous studies describe three major
headache types which are of concern in weightlifters: Be-
nign PEH, cervicogenic headache, and effort-induced mi-
graine headache (12). However, the pathophysiology of
the headache is not recognized fully. Mechanisms re-
ferred to the disorder are dysfunction of trigeminovas-
cular, cervicogenic muscle tension and incompetence of
jugular veins (17). Also, overextended activity can raise
intracranial venous sinus pressure, resulting in elevated
intracranial pressure, which consequently decreases cere-
bral blood flow and leads to PEH in weight lifter ath-
letes (12). These studies only form the basis of our un-
derstanding of headaches in resistance trained athletes
(12). Even in the ICHD-III classification, sub-groups such as
weightlifter’s headache are mentioned but have not been
specifically classified (1). Furthermore, no study has been
done on other resistance athletes such as bodybuilders
and powerlifters, thus further research is warranted in the
field.

To our best knowledge, no epidemiologic study about
the incidence, prevalence, characteristics and risk factors
of PEH in resistance trained athletes has been published so
far. In order to extend the knowledge in this field, in a co-
hort study, we evaluated the incidence and patterns of PEH
in weightlifters, powerlifters and bodybuilders in a sample
of Tehran (Iran) sportsmen.

2. Methods

2.1. Participants

In this short-term cohort study, a sample of 116 men
took part. We obtained a list of all the strength train-
ing clubs (weightlifting, powerlifting and body building)
throughout Tehran (Iran) from the weightlifting federa-
tion and contacted their athletes.

The inclusion criteria for the participants were: resi-
dence in Tehran (Iran), age between 14 to 63, and athletes
who trained more than ten hours per week.

The exclusion criteria for the participants were as fol-
lows:

I. Having a history of chronic diseases

II. Not being interested in continuing the study

III. Not answering the telephone at all for different rea-
sons such as phone number release, wrong or blocked
phone number, switched off phone or phone line being
busy

IV. Being temporarily inaccessible via telephone for at
least 2 follow-ups (Temporarily inaccessible means not be-
ing able to answer phone calls for two consecutive days)

V. Quitting sports permanently (permanently quitting
sports means not to have done sports in a whole month, or
when the recession time is unknown or is more than the
time left from the follow ups)

The process of this study was confirmed by the ethics
committee of Tehran University of Medical Sciences. The
participants became aware of the aim and the method of
the study in a written form. A written informed consent
was taken from the athletes in order to participate in the
study.

2.2. Measures

General demographic questions (age, weight, height,
type of sport, history of headache) were obtained from
the participants via an interview. In order to discover the
prevalence, pattern and risk factors of PEH, a Persian ques-
tionnaire was used. The questionnair is based on the inter-
national headache society (IHS) criteria of ICHD-III and a
previous study which was designed to study PEH in the gen-
eral population (4). Misunderstanding Index was assessed
in a pilot study and none of items got a misunderstanding
index > 20% (18, 19). Also content validity of the question-
naire was evaluated through content validity index (CVI)
by the members of an expert panel and CVIwas equal to the
essential value (1.00) for all questions (20). After the ques-
tionnaire’s validity was approved, it was applied in data
collection. According to ICHD-III the diagnosis of PEH was
based on the following criteria (1):

“A. At least two headache episodes fulfilling criteria B
and C

B. Brought on by and occurring only during or after
strenuous physical exercise

C.Lasting < 48 hours

D. Notbetter accounted for by another ICHD-III diagno-
sis”.

Furthermore, the questionnaire included differential
diagnoses of migraine, tension type headache and post-
traumatic headache. This questionnaire was adjusted ac-
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cording to different features of the three sports (body-
building, weightlifting and powerlifting). It consisted of
54 questions which were divided into three parts and an-
swers were scored and analyzed at the end of the study.

In the first part (19 questions), the volunteers were
asked about their history of migraine and tension
headaches according to ICHD-III. As they are the most
typical headaches in the general population, the rela-
tion between these two types of headaches and PEH was
evaluated. The questions asked about the onset age of
their headache, the exact region of pain, type of headache
(e.g., pulsating or headache attack), the triggering factors
(e.g., coughing, physical activity, sport, sneezing, sexual
activity, thirst or voiding), the time interval between ex-
posure to the triggering factors and onset of headache,
and other side effects (nausea, vomiting, photophobia,
phonophobia).

In the second part (7 questions) the athletes were asked
about their history of post-traumatic headache and its re-
lation to PEH. The questions included: how and when the
trauma occurred and whether any dysfunctions like un-
consciousness or short term amnesia occurred.

In the third (and last) part (28 questions), the athletes
were asked about their history and pattern of PEH. The
questions included the type of sports causing headache,
position of sports (neck movement, warming up etc.), the
time of experiencing headache during sports, the region
in which pain was felt, description of the pain (constant,
stabbing, burning, or vague pain etc.), factors worsening
the headache (altitude, hot weather, menstruation, spe-
cific food). Whether PEH occurred concurrently with mi-
graine or tension type headache was also asked in the ques-
tionnaire. In addition, in the third part a Visual Analog
Scale (VAS) was applied to assess the severity of pain dur-
ing or after exercise. Our VAS was a 10 cm solid horizontal
line which was marked from left (0) to right (10). The par-
ticipants were asked to imagine the mostintense pain they
had experienced in theirlife asnumber10 and according to
that, signify how much pain they had experienced in sport
choosing on a number.

2.3. Procedure

A researcher interviewed the participants face to face
and filled in the questionnaire. After filling out the ques-
tionnaire and collecting basic information from the par-
ticipants, the athletes were followed up for five months
on a monthly basis. The athletes were interviewed with a
phone call on each follow-up point by the same researcher.
Consequently, the severity, pattern and the risk factors of
the headache in a specified time interval were obtained
precisely. Also, in the follow-up, the number of exercise
sessions and the time spent in every session were asked.
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Then the PEH incidence and its pattern were evaluated by
the third part of the questionnaire. To record features of
headache attack, a questionnaire was filled in for each one.

2.4. Statistics

To analyze the quantitative data, mean (SD) were uti-
lized. Categorical data were demonstrated by number
(percentage). The response rate in each follow-up was cal-
culated by dividing number of participants who picked up
their phone and answered our telephone call (whom exer-
cised more than 10 hours per week) by all participants in
that follows up. The incidence of PEH is reported by num-
ber of headaches in 1000 hours of practice. For estimat-
ing the risk factors of PEH, the statistical tests, Multi-level
Mixed effect logistic regression were used and the results
were presented as odds ratio. The significance of the tests
was determined as P value < 0.05. The statistical calcula-
tions of the study were measured with SPSS software, ver-
sion 19 (SPSS Inc, lllinois, USA).

3. Results

One hundred and sixteen athletes entered the study.
Figure 1 shows the response rate and follow-up periods of
athletes. The demographic and basic data of the athletes
at the beginning of study are presented in Table 1. Also,
the distribution of PEH in different resistance sports dur-
ing follow ups is presented in Figure 2.

3.1. Prevalence and Incidence of PEH

During the follow-ups, 38 PEH incidences occurred in
23 participants according to ICHD-III criteria. The preva-
lence of headache during the follow-ups was 19.8% which
the highest headache incidence occurred in 20 - 25 years
old athletes (Figure 3). The incidence of PEH in overall
participants was 4.8 per 1000 hours of exercise. Based on
fields of sports, it was 4.2 per 1000 hours of exercise among
weightlifters, 8 per 1000 hours of exercise in powerlifters
and 5.8 per 1000 hours of exercise in bodybuilders. Our
study showed that point prevalence of headache among
weightlifters was10 (8.6%) and in bodybuilders was1(0.9%).
None of the powerlifters had experienced PEH at the begin-
ning of the study. It is notable that at the start of study,
28.9% of the participants with PEH had a history of other
types of headache.

3.2. Pattern of PEH

The pattern of PEH diagnosed by ICHD-III during cur-
rent study is demonstrated in Table 2. The results from
follow-ups showed that PEH mainly occurred after sports
compared to during sports (61% vs. 39%). The quality
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Table 1. Basic and Demographic Data of Participants at Onset of Study

Abbreviations: N, number, PEH, primary exercise headache; SD, standard devi-
ation.
*Values are expressed as No. (%).

of PEH in our study was mainly a sudden (81%) pulsating
(47%) headache which was felt mostly on the occipital re-

Respondent: 50 (82%)

l

Fifth follow-up

56 participants

Respondent:34 (61%) -Temporarily inaccessible 18 (

Variant Participants N=116 First session interview
116 tici t
Age Mean (SD) 27.0 (10.4) participants
Weight, kg Mean (SD) 90.0 (19.0)
Height,cm Mean (SD) 176.0 (12.2) v
. N
Weight lifter 73(62.9) First follow-up Notrespondent (%)  43(37)
Type of sport® Power lifter 4(3.4) . -Excluded 37(32)
116 participants Temporarily stop sport 6 (5)
Body builder 39(33.6) P ¥ Stop sp
Respondent: 73 (63%) -Temporarily inaccessible 0
No 61(52.5) J )
History of headache®
Yes 55 (47.41) v
~
Few months ago 13 (11.2) Not respondent (%) 22 (28)\
. N Second follow-up Excluded (14
History of PEH More than a year ago 1(0.9) . “Exclude (14)
79 participants -Temporarily stop sport 9 (11)
More than five years ago 1(0.9) Respondent: 57 (72%) -Temporarily inaccessible 2 (3)
5(43) J J
History of Migraine® Migraine without aura 4(3.4) l
~
Migraine with aura 1(0.9) . Not respondent (%) 17(25)
Third follow-up Excluded 7(m)
History of Probable 14 (12.0 .
migr:iynea (20 68 participants -Temporarily stop sport  5(7)
Respondent: 51(75%) -Temporarily inaccessible 5(7)
History of Tension 14 (12.0) J
headache®
History of 5(4.3) v
Post-traumatic Not d o s
headache® Forth follow-up ot respondent (%) (18)
‘ 1) 6 . -Excluded 5(8)
History o 2(17 1 participants .
Undifferentiated® -Temporarily stop sport 6 (10)
-Temporarily inaccessible 0

gion (39%). The mean (SD) severity of the headache attacks
(VAS) was 3 (1.58). Other characteristics of the headache are
demonstrated in Table 2. In sixty percent of the PEH occa-
sions, athletes stopped exercising and in forty percent, ath-
letes continued on with their sports. It is notable that ath-
letes report no aura with the PEH.

Further analysis showed that incidence of PEH had a
strong association with having a history of PEH (OR: 3.8;
95% CI:1.02 - 14.3). Also, the results of a multivariate anal-
ysis showed no correlation between headache and the age
of the participants (OR: 0.94; 95% CI: 0.87 -1.01). This study
showed that the incidence of PEH among weightlifters,
powerlifters and bodybuilders had no statistical correla-
tion with having a background of migraine, probable mi-
graine, tension headache and post-traumatic headache
(Table 3).

The results of chi square showed 76% of the athletes

T

Not respondent (%) 22(39)
-Excluded 0
-Temporarily stop sport ~ 4(7

32

Figure 1. Flowchart of Follow-Ups

experienced PEH while exercising with the upper limbs (P
= 0.027) while only 24% of the athletes experienced PEH
while training with the lower limb (P < 0.001). Further-
more, neck movement during weightlifting was reported
to be related to PEH in 76% of the athletes. Other probable
related factors to PEH are demonstrated in Table 4. Factors
that decreased the severity of PEH were painkillers (34%)
and night sleep (11%). In addition, drinking sufficient wa-
ter during exercise, being in a quiet place, darkening the
room and halting exercise were reported by other partici-
pants (2 cases for each item) whose pain was declined.
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Figure 3. Distribution of PEH Among Different Age Groups

4. Discussion

The current study evaluated the incidence and pat-
terns of PEH in a sample of resistance trained athletes.
Overall results showed that the incidence of PEH in a 5-
month follow up was 38 headache events among 23 par-
ticipants (out of 116 athletes). The incidence rate of PEH in
all participants was 4.8 per 1000 hours of exercise with the
higher rate in powerlifters.

The prevalence of PEH in this study was 19.8% which
was rather close to the study of cyclists (26%) (2) and Aus-
tralian footballers (22%) (8). However, general population
studies showed a lower incidence and prevalence of PEH.

Asian | Sports Med. 2017; 8(4):e59489.

For example, in a prospective study which clarified the in-
cidence of different types of headache in a large-scale gen-
eral population study, 11 subjects (out of 6,412) with PEH
were diagnosed during the 10 years of study (0.1%) (5). Fur-
thermore, in the general population of Portugal and Den-
mark, PEH was estimated about 0.2% and 1% (21). Also one
year prevalence of PEH was reported about 7.3% in general
population of Tehran (Iran) (4). There were also higher
rates of PEH reported by Sjaastad et al. (12.3%) (22) and the
study of Chen et al. in adolescents (10.2%) (3). Compar-
ing the above results, clearly demonstrates the high inci-
dence and prevalence of headache in a sport population
compared to a general population. The possible explana-
tion could be due to the characteristics of general popu-
lation (e.g., being less physically active) (5). Furthermore,
adherence to exercise in population based studies was not
defined (2, 4, 5).

To provide more explanation, one can address sev-
eral underlying mechanisms for headache in sports
which make this group more susceptible to headache.
In resistance sports, the main mechanisms leading to
headache may be categorized in accordance with three
main headache types which are common in weightlifters:
PEH, effort-induced migraine headache, and cervicogenic
headache (CEH) (12). PEH is the type of headache assessed
in our study according to ICHD-III Valsalva maneuver or
straining during exercise is a mechanism supposed for
PEH (12). It is suggested that PEH has a vascular nature
(12). Overextended activity raises intracranial venous
sinus pressure, resulting in elevated intracranial pressure,
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which consequently decreases cerebral blood flow and
leads to PEH (12). Furthermore, angiographic studies in
patients with PEH have shown multiple areas of segmental
cerebral arterial vasospasm (23, 24). Previous investiga-
tions conducted on weightlifters have shown that the
systolic and diastolic pressure may rise as much as 400
and 300 mmHg respectively during maximum weight
lifting which could lead to headache (12). This mechanism
may explain the lower rate of PEH among bodybuilders
and powerlifters compared to weightlifters, as they do
not lift very heavy weights. Also, recent data suggested
that intracranial venous congestion due to internal jugu-
lar venous valve incompetence could play a role in PEH
(1). A possible mechanism proposed for effort-induced
migraine headaches which is reported in long distance
runners is hyperventilation leads to vasoconstriction
which in return triggers a reactive vasodilatation and
headache (25, 26) so this type of headache is less likely
to occur in weightlifting athletes (26). Finally, suffering
from anatomical abnormalities inside the neck including
synovial joints, cervical ligaments and intervertebral discs
could lead to CEH type of headache (12).

To address the pattern of PEH, it revealed that the most
headache incidences in this study occurred in 20 - 25 years
old athletes. This finding is in line with previous case
reports in weightlifters which reported headache in the
same age group (14-16). This finding was also consistent
with studies reported that PEH was more prevalent in the
young athletes (2, 7). As an explanation to this finding,
older athletes generally avoid high-intensity weight shots
which may trigger headache; therefore, the age groups suf-
fering from headache are mainly adolescents and young
adults. Furthermore, older people are less likely to obtain
higher heart rates compared to young athletes (2). How-
ever, in contrast to this result, Raymond et al. discovered
that old age is a risk factor for developing headache in
pool players (27). The finding has been explained by the
type of sport. Hyperextension of neck in pool players is
a risk factor for headache which (CEH) is more prevalent
among older players with degenerative changes in their
cervical spine (27). Moreover, in a case series of swimmers,
the mean age of 7 athletes suffering from headache was 41
years (9); and they proposed that the candidate responsi-
ble mechanism was insufficient ventilation which led to
hypercapnia and subsequently produced vasodilation and
augmentation in intracranial pressure (9). Furthermore,
swimming is a kind of sport which is popular in all age
groups, which could explain the prevalence of headache
among older ages. By considering the above studies, we
can extrapolate that the age group which is more active in
a certain sport can affect the prevalence of PEH.

The quality of PEH in our study was mainly a sudden, bi-

lateral, pulsating headache felt mostly on the occipital re-
gion which mainly occurred during exercise or in the first
thirty minutes after exercise. In consistence with our re-
sults, several case reports in resistance athletes (14-16) and
swimmers (9) have reported a sudden acute headache dur-
ing or immediately after exercise. Also, most large stud-
ies have reported a bilateral feature of PEH (3, 5,28) in line
with our findings. Case reports in weightlifters (16), swim-
mers (9) and also the study held on adolescents showed
a pulsating type of PEH (3). It is notable that the pulsat-
ing or throbbing characteristic of PEH in some athletes can
support the vascular nature of the headache (12). How-
ever, in the study of van der Ende-Kastelijn et al. (2), cy-
clists reported dull and throbbing kinds of headache (42%
and 23%, respectively) which were mainly unilateral. In ac-
cordance with our outcomes, headache which was mostly
felt in the occipital region has been reported from differ-
ent case reports of weightlifters (14-16) and also from the
study of Japanese population (28). Yet, some studies indi-
cate otherregions such as temporal in swimmers (11) or the
frontal region (3). The discrepancy between the results of
these different studies could be due to variety of studies’
population or different sports which the athletes were in-
volved in.

4.1. Probable Risk Factors or Correlations of PEH

This study showed that the incidence of PEH had a
strong statistical association with having a history of PEH
but not with other headache types. Similarly, in another
study on pool players, the estimated adjusted odds ratio
of previous headaches’ history for PEH was about10.1(95%
Cl: 3.36 - 30.4) (27). Other related factors for PEH were
training with upper limbs, the heaviness of the weights,
or neck movement. It seems that severe training increases
intracranial pressure, which subsequently decreases cere-
bral blood flow, and results in the development of a
headache (12). So the heavier the weights lifted, the blood
flow would be the less and the possibility of headache inci-
dence will rise. Furthermore, previous studies have shown
that during weightlifting the blood pressure rises which
could increase the risk of headache (12). Considering the
effect of neck movement and using upper limbs in weight
lifting as a risk factor for headache, the pathogenesis may
arise from the pressure on neck structures while lifting
weights. Since the most pain felt was the occipital region
in our athletes, it is probable that the structural elements
in neck and sub-occipital region are also involved in the
headache.

With respect to the coexistence of PEH and other pri-
mary headaches, the present study highlighted the co-
existence of other headache types with PEH. The results
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showed at the highest rate, 13.2% of the athletes experi-
enced tension headaches followed by probable migraine
(7.9%) along with PEH. It is notable that tension headache
and probable migraine were the most prevalent headache
types among the athletes at the time of beginning the
study. Also van der Ende-Kastelijn et al. reported tension
headache as the most prevalent headache (23.8%) along
with PEH in cyclists (2). Coexistence of PEH with migraine
in our study was low (2.6%). However, in the study of the
Japanese population, 67% experienced migraine without
aura along with PEH (28). According to Chen et al. pa-
tients with pre-existing migraine are likely to have PEH
characteristics close to migraine, whereas patients suffer-
ing from PEH alone mainly experience PEH with fewer mi-
graine type characteristics (3). PEH and migraine are of two
different types of headache, even though they have some
features in common (3). The presentations of headaches
induced by exercise are different from migraine even in
patients suffering from migraine (3). By considering the
small number of athletes with history of migraine at the
start of study (4.3%), possible features of migraine were
less expected along with PEH (2.6%). The comorbidity of
PEH and post-traumatic headache was less prevalent in our
study (5.3%), whereas in other sports such as contact sports
a higher rate of post-traumatic headache is seen (29). In
the contact sports the higher risk of head strike or collision
increases the prevalence of post-traumatic headache; how-
ever in our study, the individual and non-contact nature of
the assigned sports would be an explanation for the lower
prevalence of post-traumatic headache.

To the best our knowledge this is first study which in-
vestigates the incidence rate of PEH in resistance trained
athletes and the different characteristics and risk factors
leading to PEH. The results could help practitioners in
applying different interventions in prevention, diagnosis
and treatment of PEH. For example, they may implement
different relaxation strategies and cervical rehabilitation
methods (30) during or after exercise sessions to prevent
PEHin theirathletes. It could give researchers furtherideas
in discovering whether these headaches may influence the
maximal performance of the athletes; and which compli-
cations can arise in a long-term follow up.

This study also has several limitations. First, the small
sample size which made some statistical results at border-
line significance (e.g., the relation of age and PEH). Sec-
ond, we defined all sport related headaches as PEH ac-
cording to ICHD-III; therefore, lack of categorization for
other headache types classified in previous studies (cer-
vicogenic, benign exertional headache and effort-induced
migraine) is seen. Third, all the athletes in our study were
male and we could not compare the incidence of PEH be-
tween two genders. Finally, our study was a questionnaire
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based study and no objective assessments such as neu-
roimaging examination were performed.

5. Conclusions

This study showed a high rate of incidence and preva-
lence of PEH in resistance trained athletes compared to ex-
isting data from general populations. Having a history of
PEH, as the main risk factor, and training with upper limbs
and neck movement were other main related factors for de-
veloping PEH in resistance trained athletes. Furthermore,
tension headache was more accompanied with PEH in re-
sistance trained athletes than other types of headache.
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Table 3. Incidence odds ratio (OR) Estimate the Risk Factors of PEH
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Migraine 1.07(0.15-7.77) 0.95 -
Probable migraine 1.89(0.30-12.0) 0.50 - -
Tension headache 1.95(0.58- 6.45) 0.28 -
Post-traumatic headache 23(0.16-34.20) 0.54 - -

Abbreviations: CI, confidence interval, adjusted for age; PEH, primary exercise headache.
P value < 0.05, Multi-level Mixed effect logistic regression.
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Noise 15(39)
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Abbreviation: PEH, primary exercise headache.
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