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Abstract
Background: Migraine, tension type headache (TTH), and hypothyroidism are clinical problems that affect patient
daily activities and quality of life.
Objectives: The purpose of this study was to investigate the potential association between hypothyroidism in
patients with migraine and TTH.
Patients and methods: Two hundred and twelve patients with migraine and TTH and one hundred control
subjects underwent clinical evaluation, assessment of thyroid hormones, and thyroid ultrasound.
Results: Subclinical and overt hypothyroidism were significantly higher in patients with migraine and TTH (P =
0.001) than control subjects. Patients with migraine and TTH showed significantly more abnormal thyroid gland
morphology than healthy control (P = 0.027). Hypothyroidism is significantly expressed in chronic TTH more than
TTH with infrequent or frequent TTH (P = 0.009).
Conclusions: Patients having migraine and TTH more prone to develop hypothyroidism when compared with
control group. Also patients with chronic TTH are susceptible to develop hypothyroidism (either subclinical or
overt) when compared with patients having frequent or infrequent TTH.
Keywords: Hypothyroidism, Tension type headache, Migraine, Thyroid hormones, Thyroid ultrasound

Introduction
Migraine and tension type headache (TTH) disorders
are among the top six most prevalent disorders and the
third cause of disability worldwide in individuals under
the age of 50 with a major impact on activities of daily
living and quality of life [1, 2].
Tension-type headache (TTH) is defined as a mild to
moderate band-like pressure headache associated with
some somatic and emotional symptoms. The frequency
and duration of TH varied from infrequent episodes of a
headache to frequent, long-lasting, or even chronic [3].
Typical characteristics of migraine headache are
unilateral location, pulsating quality, moderate or severe
intensity, aggravation by routine physical activity, and
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association with nausea and/or photophobia and phonophobia [4].
Hypothyroidism prevalence in general population in
Europe ranged between 0.2 and 5.3% and usually this
represents thyroid hormone deficiency. It affects women
more than men and is more common in older age (≥ 65
years) with clinical burden related to major organs including neurological symptoms [5].
Hypothyroidism represents one of non-neurological
comorbidities of migraine. These comorbidities (refers
to the greater than coincidental association of separate
conditions) significantly influence the progression of
headache and may interact with choosing the therapeutic strategies [6, 2].
Recent studies explained the comorbidity by involvement of thyroid hormone in pain mechanisms with
thyrotropin stimulating hormone receptors being
expressed in the cortical neurons and cerebral vasculature [7].
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Many studies defined a bidirectional relationship between migraine, TH, and hypothyroidism including
underlying pathophysiological aspects. However up till
now, there is contradictory data about these relationship
[8]. There is uncertainty in pathogenesis of development
of migraine, tension TH in hypothyroidism; some
proposed the alterations in the immune system and
autonomic nervous system with shared genetic or environmental factors [9].
The purpose of this study was to investigate the potential association between hypothyroidism in patients with
migraine and tension headache.
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11]. Normal neurological examination. Completely normal laboratory tests (complete blood count, creatinine,
liver function tests)
Exclusion criteria included patients that were beyond
the range of 18-55 years, showed abnormal neurological
examination, and or had chronic illness known to affect
thyroid dysfunction (chronic kidney disease, psychiatric
disorders) were excluded from the study. Also, pregnant
ladies and those with chronic drug intake that may alter
thyroid hormone level as lithium carbonate and amoidarone were excluded.
Methods

Subjects and methods
Subjects

In a cross-sectional study, we investigated two hundred
and twelve patients with migraine and tension type
headache and one hundred, age- and sex-matched
healthy control subjects. Patients were recruited from
neurology outpatient clinics of Helwan University
Hospitals, Egypt, from May 2019 to December 2019.
Inclusion criteria in this study were patients of both
sex with age ranged from 18 to 55 years.
All patients underwent full history taking stressing on
headache characteristics, severity, frequency, and medications used. Frequent headache attacks are defined by
headache more than 10 attacks per month (at least 10
episodes of headache occurring on 1-14 days/month on
average for > 3 months (≥ 12 and < 180 days/year)) [4].
Infrequent headache is defined as at least 10 episodes of
headache occurring on < 1 day/month on average (< 12
days/year) [4, 10]. Patients with migraine headache were
diagnosed according to the International Classification
of Headache Disorders (ICHD)-III beta criteria [8]. It includes recurrent headache manifesting in attacks lasting
4–72 h. Typical characteristics of the headache are
unilateral location, pulsating quality, moderate or severe
intensity, aggravation by routine physical activity, and
association with nausea and/or photophobia and phonophobia. Chronic migraine is defined as headache occurring on 15 or more days per month for more than 3
months, which, on at least 8 days per month, has the features of migraine headache [4].
Patients with tension type headache was diagnosed according to the International Classification of Headache
Disorders (ICHD)-III beta criteria [4]. All patients must
have all of the following four headache characteristics:
bilateral, mild-to-moderate intensity, non-pulsating
headache not aggravated by routine physical activity, and
their headaches must not be associated with any of nausea, vomiting, photophobia, or phonophobia. Chronic
tension headache means that type of tension headache
lasts hours and may be continuous and if headaches
occur 15 or more days a month for at least 3 months [4,

Blood samples were collected. An enzyme-linked immunosorbent assay was performed to detect the basal
serum concentrations of TSH, FT3, and FT4. This assay
was processed according to the instructions and regulations of the used kits. Overt hypothyroidism was defined
as elevated TSH (> 10 mU/L) with low T4 (T4 < 4.5 μg/
dl), whereas subclinical hypothyroidism was defined as
elevated TSH (TSH: > 4.5 mU/L) with normal T4
(normal T4: 4.5-13 μg/dl) [12].
Thyroid ultrasound

All patients were examined in supine position with
hyperextended neck, using a high frequency linear-array
transducer 7-15 MHz (ultrasound machine; GE brand,
Logiq. P5 pro model, GE health care manufacture,
France). Scanning was done both in longitudinal and
transverse planes. Real time imaging of thyroid lesions
was performed using both grayscale and color Doppler
techniques. Thyroid ultrasound examinations showed
normal thyroid gland shape, size, and echo-pattern or
abnormal thyroid ultrasound (diffuse increase size of
both thyroid lobes with diffuse heterogeneous echopattern, diffuse increase size of both thyroid lobes with
multiple nodules, or diffuse increase size of both thyroid
lobes with normal echo-pattern).
For all the participants, written informed consent was
obtained after the study procedures had been explained.
The study protocol and the consent form were reviewed
and accepted by the Research Ethic Committee (REC)
for Human Subject Research at Faculty of Medicine,
Helwan University, Cairo, Egypt (serial: 13-2019).
Statistical analysis

Data were entered and analyzed using the IBM-SPSS
software (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp.).
Qualitative data were expressed as frequency and percentage. Chi-square test or Fisher’s exact test according
to sample size of cells (expected counts) was used for
comparing qualitative data. Chi-square test was used if
sample size was ≥ 5 units per cell while Fisher’s exact
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test was used if sample size was < 5 units in ≥ one cell.
Quantitative data were initially tested for normality
using Shapiro-Wilk’s test with data being normally
distributed if p > 0.050. Presence of significant outliers
(extreme values) was tested for by inspecting boxplots.
Quantitative data were expressed as mean ± standard
deviation (SD) if normally distributed or median and
interquartile range (IQR) if not. To compare quantitative
data for two groups, independent-samples t test was
used for normally distributed data in both groups with
no significant outliers otherwise the alternative nonparametric test (Mann-Whitney U test) was used. To
compare quantitative data for >two groups, one-way
ANOVA test was used for normally distributed data in
all groups with no significant outliers otherwise the
alternative non-parametric test (Kruskal-Wallis H test)
was used. Binary logistic regression was used to predict
the likelihood of occurrence of hypothyroidism. For any
of the used tests, results were considered as statistically
significant if p value ≤ 0.050. Appropriate charts were
used to graphically present the results whenever needed
[13].

Results
Our study included 212 patients (118 had tension type
headache “TTH” and 94 had migraine headache) and
100 control subjects. There were no statistically significant differences between patients and control as regards
age and sex distribution (p = 0.491 and 0.449 respectively) Table 1.
Subclinical and overt hypothyroidism were significantly higher in our patients more than control (p =
0.001). Moreover, our patients showed significantly more
abnormal gland morphology than healthy control (p =
0.027) Table 2.
Binary logistic regression (BLR) analysis was run to assess the influence of having migraine or TTH versus no
headache on the likelihood that participants will exhibit
hypothyroidism (subclinical or overt). The model was
statistically significant (p = 0.001). The model correctly
classifies 76.8% of cases. Patients with migraine or TTH
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had 3.73 times higher odds to exhibit hypothyroidism
(BLR = 1.316, 95% CI = 1.82-7.64, p = 0.001). Logistic
regression analysis was also run to assess the influence
of having chronic tension headache vs other types
(frequent and infrequent) on the likelihood that participants will exhibit hypothyroidism (subclinical or overt).
The model was statistically significant (p = 0.002). the
model correctly classifies 71.2% of cases. Patients with
chronic subtype had 3.57 times higher odds to exhibit
hypothyroidism (BLR = 1.272, 95% CI = 1.55-8.22, p =
0.003) (Table 3).
Migraine patients were significantly younger than
tension type headache patients (p = 0.001). There were
no significant differences between both migraine and
TTH as regards gender, thyroid function, or even abnormal thyroid morphology (Table 4).
Using intragroup comparative statistics, hypothyroidism
is significantly expressed in chronic TTH more than TTH
with infrequent or even frequent attacks (p = 0.009).
Moreover, chronic TTH had older age than other TTH
subgroups but not statistically significant differences (p =
0.596). Thyroid gland abnormalities were more common
in chronic TTH but with insignificant power (p = 0.227)
(Table 5).
Intragroup analytical statistics of migraine patients
regarding age of onset, disease duration, gender, and
thyroid gland parameters were analyzed in Table 6.
There were no statistically significant differences between migraine with aura, migraine without aura, and
chronic migraine as regards age, sex, thyroid functions,
or thyroid abnormalities on ultrasound (p > 0.05).

Discussion
Tension-type headache and migraine are among the top
six most prevalent diseases globally, and represent the
third cause of disability worldwide in individuals under
the age of 50 [14].
In pathogenesis of migraine attacks, the role of hormonal regulation is proved by the presence of its
menstrual-dependent variants. But the data about the
role of thyroid hormones in migraine not confirmed

Table 1 Age and sex distribution between cases and control
Characteristic

Case (n = 212)

Control (n = 100)

Age, mean (range)

41 (33-47)

39 (29-45)

Sex

p value
0.491
0.448

Female: total no. (%)

126 (59.4%)

55 (55%)

Female with hypothyroidism

37 (17.5%)

7 (7%)

(Subclinical and overt)

(13.7% and 3.7%)

(6% and 1%)

86 (40.6%)

45 (45%)

Male: total no. (%)
Male with hypothyroidism

26 (12.3%)

3 (3%)

(Subclinical and overt)

(10% and 2.3%)

(3% and 0%)

P value is significant if ≤ 0.050
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Table 2 Thyroid function and ultrasound between cases and control
Characteristic

Case (n = 212)

Control (n = 100)

149 (70.3%)

90 (90%)

Thyroid function

p value
0.001

Euthyroid: no. (%)
Subclinical hypothyroidism: No. (%)

50 (23.6%)

9 (9%)

Overt hypothyroidism: no. (%)

13 (6.1%)

1 (1%)

Normal: no. (%)

190 (89.6%)

97 (97%)

Abnormal: no. (%)

22 (10.4%)

3 (3%)

Thyroid ultrasound

0.027

P value is significant if ≤ 0.050

with many contradictory studies [15]. Hagen and his colleagues found low headache prevalence among patients
with hypothyroidism [16] while others observed high
prevalence of chronic migraine in patients with
hypothyroidism [17]. Migraine, tension headache, and
hypothyroidism are clinical problems that affect patient
daily activities and quality of live with established comorbidity that has been known for more than 60 years
[18, 19].
Hypothyroidism in our study was more common in females than males (in both migraine and tension headache together) although not statistically significant (p =
0.448). The female preponderance in our study was consistent with Khan and his colleagues which found higher
prevalence of both migraine and TTH in patients with
hypothyroidism [20]. While other study reported that
women with hypothyroidism were protected from headache [16].
We have found in our study of 212 patients (migraine
and tension headache) that there was significantly higher
proportion with subclinical (23.3%) and overt
hypothyroidism (6%), as compared to the control
subjects of 9% and 1%. This was in agreement with the
results from other studies [21, 22].
Lima Carvalho and his colleagues found in a population of 213 patients with de novo hypothyroidism (133
of them with subclinical hypothyroidism) that new onset
headache developed in 34% of the patients, with a predominantly migraine phenotype, while 78% of patients

Table 3 Predictors of the likelihood of occurrence of
hypothyroidism
Predictor

BLR

p value

95% CI

Migraine and TTH
No (control)
Yes (case)

1.316

0.001

R
3.73 (1.82-7.64)

Tension headache
Frequent, infrequent and chronic

1.272

0.003

R
3.57 (1.55-8.22)

P value is significant if ≤ 0.050
TTH tnsion type headache, BLR binary logistic regression, CI confidence interval

(with both overt and subclinical hypothyroidism) treated
with levothyroxine for 12 months demonstrated improvement of headache symptoms [23].
In contrast to our findings, a cross-sectional study of
130 out-patient migraineurs revealed abnormal levels of
TSH only in 5% of patients, and also that lower TSH
values were associated with more prolonged migraine attacks and with a greater impact on quality of life [24].
Moreover, our patients showed significantly more
abnormal gland morphology than healthy control on
thyroid gland ultrasound. The subclinical and overt
hypothyroidism prevalence in our patients with migraine
and tension headache were also higher than that
reported in the general population. The prevalence of
subclinical hypothyroidism in general population ranges
from 4-10% [25] and that of overt hypothyroidism is 12% [26], and is in agreement with our control group.
In our study, binary logistic regression analysis showed
that patients having migraine and TTH were more
prone to develop hypothyroidism when compared with
control group (BLR = 1.316, 95% CI = 1.82-7.64, p =
0.001). Also patients with chronic TTH are susceptible
to develop hypothyroidism (either subclinical or overt)
3.57 times when compared with patients having frequent
or infrequent TTH (BLR = 1.272, 95% CI = 1.55-8.22, p
= 0.003).
There are several mechanisms that may explain the
association between migraine and hypothyroidism.
Changes in the immune system that occur as a result of
migraine may predispose to thyroid autoimmunity [27].
In addition, migraineurs demonstrate sympathetic
hypo function during interictal periods, which may increase the risk for hypothyroidism [28].
Genetic factors, such as hyperhomocystemia and
shared environmental factors, including air pollutants
and synthetic compounds [29] could also predispose to
both migraine and hypothyroidism. Singh proposed a
possible pathophysiological link between migraine and
hypothyroidism. He suggested that pain is regulated by
reciprocal modulation of brain stem serotonergic and
noradrenergic nuclei. The failure of one of the two systems implies a compensatory response of the other.
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Table 4 Age, gender, and thyroid profile between tension headache and migraine
Characteristic

Tension headache (n = 118)

Migraine (n = 94)

Age, mean (range)

43 (37-48)

36 (28-44)

Sex

p value
0.001
0.230

Female: no. (%)

67 (56.8%)

61 (64.9%)

Male: no. (%)

51 (43.2%)

33 (35.1%)

84 (71.2%)

65 (69.1%)

Thyroid function

0.775

Euthyroid: no. (%)
Subclinical hypothyroidism: no. (%)

28 (23.7%)

22 (23.4%)

Overt hypothyroidism: no. (%)

6 (5.1%)

7 (7.4%)

Normal: no. (%)

106 (88.8%)

84 (89.4%)

Abnormal: no. (%)

12 (10.2%)

10 (10.6%)

Thyroid ultrasound

0.911

P value is significant if ≤ 0.050

Thus, the decreased adrenergic tone in hypothyroidism
could upregulate the serotonergic response which causes
headache.
In our study, migraine patients were significantly
younger than tension type headache patients (p = 0.001).
This is in agreement with Okumura and his colleagues
[30]. There were no significant differences between both
migraine and TTH as regards gender, thyroid function
or even abnormal thyroid morphology. About one-third
of our patients showed abnormal thyroid function
(29.7%) whether subclinical or overt hypothyroidism and
only 10.3% of them had abnormal gland morphology,
these findings are consistent with many previous observation [31, 32].
In the study of Ekici and Cebeci, subclinical
hypothyroidism was found in only (5.1%) of patients
with migraine [33] while Parashar and his colleagues did
not find any changes in thyroid hormone levels with migraine or TTH [34], Larner did not reveal migraine

headache associated with hypothyroidism [35], and
hypothyroidism were associated with lower frequency of
occurrence of headaches in all age groups [16].
In our study, the frequency of tension headache was
55.7% and migraine headache 44.3% and this observation
is partially agreed with Hagen and his colleagues [36] as
they reported that prevalence of TTH was 51.9%, meanwhile for migraine was 17.2%. Moreover, Stovner and his
colleagues found 11% of their patients had migraine and
42% had tension-type headache [37].
Intragroup comparative analysis of TTH patients revealed that patients with chronic TTH were significantly
older than other subtypes (p = 0.010) and have longer
disease duration than episodic TTH (p = 0.001). Moreover, 46.3% of those patients suffered from chronic TTH
have overt hypothyroidism versus 20% and 19.1% of
those with frequent TTH and infrequent TTH respectively (p = 0.009), this is in agreement with Khan and his
colleagues reported that frequency of hypothyroidism

Table 5 Intragroup analysis between tension headache subtypes
Characteristic

Frequent TTH (n = 30)

Infrequent TTH (n = 47)

Chronic TTH (n = 41)

p

Age (years): mean ± SD

39.3 ± 7.1

42.3 ± 7.3

44.5 ± 6.3b

0.010

Duration (years) median (range)

6.5 (3.8-11)

10 (5-14)

13 (11-16)

0.001

Female: no. (%)

15 (50%)

29 (61.7%)

23 (56.1%)

Male: no. (%)

15 (50%)

18 (38.3%)

18 (43.9%)

Sex

0.596

Thyroid function

0.009

Euthyroid: no. (%)

24 (80%)

38 (80.9%)

22 (53.7%)

Hypothyroidism: no. (%)

6 (20%)

9 (19.1%)

19 (46.3%)

Normal: no. (%)

28 (93.3%)

44 (93.6%)

34 (82.9%)

Abnormal: no. (%)

2 (6.7%)

3 (6.4%)

7 (17.1%)

Thyroid ultrasound

P value is significant if ≤ 0.050
TTH tension type headache

0.227
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Table 6 Intragroup analysis between migraine subtypes
Characteristic

With aura (n = 9)

Without aura (n = 53)

Chronic (n = 32)

p

Age (years): mean ± SD

36.4 ± 12.3

34.7 ± 9.2

37.9 ± 9.6

0.322

Duration (years) median (range)

14 (7-18.5)

10 (6-13)

10 (5.3-15)

0.400

Female: no. (%)

6 (66.7%)

32 (60.4%)

23 (71.9%)

Male: no. (%)

3 (33.3%)

21 (39.6%)

9 (28.1%)

Sex

0.586

Thyroid function

0.137

Euthyroid: no. (%)

5 (55.6%)

41 (77.4%)

19 (59.4%)

Hypothyroidism: no. (%)

4 (44.4%)

12 (22.6%)

13 (40.6%)

Normal: no. (%)

8 (88.9%)

49 (92.5%)

27 (84.4%)

Abnormal: no. (%)

1 (11.1%)

4 (7.5%)

5 (15.6%)

Thyroid ultrasound

0.468

P value is significant if ≤ 0.050

was more common in chronic TTH as compared to episodic TTH [38]. More recently, Qu with his colleagues
[39] observed in chronic TTH there were lower levels of
T3 and T4 and higher level of TSH than controls.
Regarding sub analysis of migraine patients, there were
no significant differences between migraine with aura,
migraine without aura, or chronic migraine as regards
thyroid function or morphology (p = 0.137 and p =
0.468 respectively) and this is consistent with a recent
Russian study who reported negative results regarding
comorbidities of migraine and hypothyroidism with abnormal levels of TSH in only 5% of their migraine patients. On the other hand, many other studies [40, 41]
found that hypothyroidism was statistically significantly
higher in chronic migraine when compared with migraine without aura but when compared with migraine
with aura it was statistically insignificant.

Recommendations

Study the response of patients suffering from migraine
or tension headache using conventional measures and
having hypothyroidism when controlling thyroid
function. Sufficient number of patients with migraine,
tension headache and control subjects for detection the
accurate relationship. Study the relationship between
other types of primary headache disorders and
hypothyroidism. Moreover, study if there is relationship
between primary headache disorders and thyroid dysfunction whether hypo or hyperthyroidism.
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