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Abstract

Background: No study has investigated the associations of migraine with pain symptoms over a ten-year period
among outpatients with major depressive disorder (MDD). This study aimed to investigate this issue.

Methods: At baseline, the study enrolled 290 outpatients with MDD and followed-up the patients at six-month,
two-year, and ten-year time points. MDD and anxiety comorbidities were diagnosed using the Structured Clinical
Interview for DSM-IV-text revision. Migraine was diagnosed based on the International Classification of Headache
Disorders. The bodily pain subscale of the Short Form 36 (SF-BP) and the pain subscale (PS) of the Depression and
Somatic Symptoms scale were also used. Generalized Estimating Equation models were employed to investigate
the longitudinal impacts of migraine on pain symptoms.

Results: MDD patients with migraine had lower SF-BP and higher PS scores than those without. Depression,
anxiety, and headache indices were significantly correlated with SF-BP and PS scores. The higher the frequency of
migraine, the more often patients suffered from pain symptoms. Patients with migraine at all investigated time
points suffered from pain symptoms most of the time (ranging from 60.0% to 73.7%) over the 10 years. After
controlling for depression and anxiety, migraine was independently associated with a decreased SF-BP score (by 8.
93 points) and an increased PS score (by 1.33 points).

Conclusion: Migraine was an important comorbidity associated with greater severities of pain symptoms during
long-term follow-up. Migraine treatment should be integrated into the treatment of depression to improve pain
symptoms and quality of life in the pain dimension.
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Background
Painful physical symptoms and depression interact with
each other [1, 2]. Major depressive disorder (MDD) and
pain symptoms may have a shared neurobiological mech-
anism and may be genetically correlated [3, 4]. Among pa-
tients with MDD, pain symptoms are common, and are
associated with a greater severity of depression, a poorer
treatment response, inability to achieve full remission, im-
paired function, a poorer quality of life, and an increased
suicidal risk [3, 5–9].

MDD, migraine, anxiety, and pain symptoms mutually
affect each other [10–12]. For example, strong bidirec-
tional associations have been suggested to exist between
psychiatric disorders, migraine, and suicide [13]. Among
patients with chronic migraine, a higher affective dysregu-
lated temperament score was found to be associated with
a greater feeling of hopelessness and a higher suicidal risk
[13]. Shared underlying genetic mechanisms have been re-
ported for MDD and migraine [14]. In addition, migraine
is also associated with increased risks of other diseases,
such as cardiovascular diseases, cerebrovascular diseases,
and fibromyalgia [15–19].
Nearly half of patients with MDD have comorbid mi-

graine [20, 21]. MDD patients with migraine have greater se-
verities of depression, anxiety, and pain symptoms than
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those without migraine [21, 22]. Migraine also has negative
impacts on the recovery of health-related quality of life
(HRQoL) and some pain symptoms after acute treatment
[22, 23]. However, most of these studies were cross-sectional
or acute treatment studies, and few studies have investigated
the impacts of migraine on MDD during a long-term
follow-up period. In a two-year follow-up study, migraine at
baseline was an independent factor associated with upper
and lower limb muscle soreness at the two-year follow-up
point [24]. Another study found that migraine with active
headache at follow-up was associated with greater severities
of anxiety and somatic symptoms [25].
Several studies have investigated the associations of mi-

graine with pain symptoms [22–24]. However, to our
knowledge, no study has investigated the associations of
migraine with the pain dimension of the HRQoL and pain
symptoms among patients with MDD during a ten-year
period. This issue is important for the following reasons: 1)
pain symptoms are common, and are associated with a
poorer prognosis of MDD [3, 7]; 2) migraine is a common
comorbidity of MDD [20, 21], and the associations of mi-
graine with pain symptoms should be clarified; and 3) in
some patients with MDD, depression and pain symptoms
are chronic and fluctuating. Several factors have been iden-
tified to be associated with chronic depression, such as a
younger age at onset, a longer duration of depressive epi-
sode, a family history of mood disorders, and psychiatric
comorbidities, including anxiety disorders, personality dis-
orders, and substance abuse [26]. Factors associated with
persisting pain symptoms post-three-month treatment
among patients with MDD include a greater depressive se-
verity, age < 40 years, more than one comorbidity, and pre-
vious MDD episodes [8]. In addition, persisting pain
symptoms post-treatment were found to be associated with
a poorer remission rate of depression [8]. Therefore, the
outcomes of depression and pain symptoms interact and
are correlated. Long-term follow-up studies are mandatory.
Therefore, this study aimed to investigate the associations
of migraine with the pain dimension of the HRQoL and
pain symptoms among patients with MDD during a
ten-year period. We hypothesized that migraine was associ-
ated with more severe pain symptoms and a poorer score
in the pain dimension of the HRQoL among patients with
MDD during a ten-year period, because migraine does not
only encompass headache, but is also associated with other
pain symptoms.

Methods
Subjects
This study was performed in the psychiatric outpatient
clinics of the Chang Gung Memorial Hospital at Linkou, a
medical center in northern Taiwan. At baseline (January
2004 to August 2007), consecutive outpatients who ful-
filled the following three criteria were considered eligible

subjects: 1) 18−65 years of age; 2) no antidepressants or
other psychotropic drugs administered within the previous
four weeks; and 3) met the DSM-IV-TR criteria for MDD
and were experiencing a current major depressive episode
(MDE) [27]. MDD and anxiety disorders were diagnosed
according to the Structured Clinical Interview for
DSM-IV-TR Axis I Disorders [28]. Moreover, three exclu-
sion criteria were established to prevent confounding of
somatic and pain symptoms, including 1) catatonic fea-
tures, psychotic symptoms or severe psychomotor retard-
ation with obvious difficulty in being interviewed; 2) a
history of substance abuse or dependence without full re-
mission in the previous month; and 3) chronic medical
diseases such as hypertension, diabetes mellitus, and other
medical diseases, except for headache.
At baseline, 290 subjects were enrolled. These patients

were followed-up at the six-month, two-year, and ten-year
points. The ten-year follow-ups were performed from Au-
gust 2014 to December 2016. The study was approved by
the Institutional Review Board of the Chang Gung Me-
morial Hospital. Based on the guidelines regulated in the
Declaration of Helsinki, written informed consent was ob-
tained from all subjects.

Assessment of headache
At baseline, all subjects completed a structured head-
ache intake form, which reported headache patterns over
the past year and included headache intensity, frequency,
location, duration, aggravation by physical activities,
phonophobia, photophobia, nausea, vomiting, precipitat-
ing factors, painkiller use, and aura. Then, an experi-
enced headache specialist, who was blind to other
results, interviewed all subjects and made headache
diagnoses. This procedure was also performed at the
two-year and ten-year follow-up points. At the
six-month follow-up, diagnosis of migraine was taken as
the baseline diagnosis.
At baseline and the two-year follow-up point, head-

ache was diagnosed based on the International Classifi-
cation of Headache Disorders, 2nd edition (ICHD-2)
[29]. At the ten-year follow-up point, headache was diag-
nosed based on the ICHD-3 beta, and headache diagno-
ses at baseline and the two-year follow-up point were
also updated to ICHD-3 beta diagnoses [30].
At each time point, subjects who fulfilled the criteria

of migraine without aura (MO) and/or migraine with
aura (MA) were classified as the “migraine” group, while
the other subjects were categorized as the “non-mi-
graine” group. The intensity and frequency of headaches
were assessed at baseline and the three follow-up points.
We used the visual analog scale (VAS) to evaluate the
average headache intensity in the past week, rated from
0 (no pain) to 10 (pain as severe as I can imagine), and
recorded the frequency of headache days.
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Assessment of anxiety comorbidities
One psychiatrist, who was blind to other psychiatric data
and headache diagnoses, used the Structured Clinical Inter-
view for DSM-IV-TR Axis I Disorders to diagnose the fol-
lowing anxiety comorbidities: panic disorder, agoraphobia,
specific phobia, social phobia, post-traumatic stress dis-
order, obsessive–compulsive disorder, and generalized anx-
iety disorder [28]. Subjects with any one of the seven
anxiety disorders were classified as the “with any anxiety
disorder” group, while the others were classified as the
“without any anxiety disorder” group.

Instruments for the evaluation of pain, depression, and
anxiety
The bodily pain subscale of the Short Form-36 (SF-BP) and
the pain subscale (PS) of the Depression and Somatic Symp-
toms Scale (DSSS) were used to evaluate the pain dimen-
sion of HRQoL and pain severities, respectively [31–35].
The acute version of the Short Form-36 was used. SF-BP
scores ranged from 0 to 100, a higher score indicating a bet-
ter HRQoL [32, 33]. The PS of the DSSS evaluated the se-
verities of five pain symptoms (headache, back pain, chest
pain, neck and/or shoulder pain, and general muscle pain)
in the past week. The total score of the PS ranged from 0 to
15, a higher score indicating a greater severity of pain
symptoms.
To understand the longitudinal course of pain symp-

toms in the past 10 years, subjects were requested to re-
port the percentages of time during which they had
suffered the following pain symptoms in the past
10 years: headache, back pain, shoulder and/or neck
pain, and general muscle pain.
The Hamilton Depression Rating Scale (HAMD) and the

anxiety subscale of the Hospital Anxiety and Depression
Scale (HADS-A) were used to evaluate depression and anx-
iety, respectively [35–37]. The scores ranged from 0 to 52
and 0–21 for the HAMD and HADS-A, respectively, and
higher scores indicated a greater severity of symptoms.
The native language of our subjects was Chinese. The

reliability and validity of the Chinese versions of the
three administered scales (SF-36, HADS, and DSSS)
have been established [31, 33–35].

Procedures
Subjects were followed-up at the time points of 6 months,
2 years, and 10 years after baseline enrollment. The SF-BP,
PS, and HADS-A were administered at the three
follow-up points, and the HAMD was evaluated by the
same psychiatrist.
During the ten-year period, subjects might have quit

pharmacotherapy or accepted pharmacotherapy intermit-
tently. Pharmacotherapy was not controlled at the three
follow-up points. At the index month of the follow-up
point, patients who were not receiving pharmacotherapy

were classified into the “without pharmacotherapy (in the
index month)” group, whereas patients who were receiv-
ing pharmacotherapy were classified as the “with pharma-
cotherapy (in the index month)” group. This classification
was used to avoid the confounding effects of pharmaco-
therapy in statistical analysis.

Statistical methods
All statistical analyses were performed using SPSS for Win-
dows 20.0. The independent t test, Mann-Whitney U test,
Kruskal-Wallis H test, Pearson’s correlation, Spearman’s
correlation, and Chi-square test were used in appropriate
situations.
Generalized Estimating Equation (GEE) models with ro-

bust error estimation and an unstructured covariance
matrix were used to estimate the differences in SF-BP and
PS scores between patients with and without migraine. The
dependent variables were the SF-BP and PS scores. Initially,
10 variables were placed into the GEE model as independ-
ent variables, including six variables at baseline (age, gender,
marital status, educational years, employment, with any
anxiety disorders or not) and four variables at each
follow-up point (with migraine or not, with pharmacother-
apy or not, HAMD score, HADS-A score). Then, insignifi-
cant factors were removed from the GEE model one by one
until all independent factors were significant.
A two-tailed P value of < 0.05 was taken to indicate

statistical significance, and Bonferroni correction was
used in appropriate situations.

Results
Subjects
For clarity, the labels “(B)”, “(6 M)”, “(2Y)” and “(10Y)”
are used to represent data collected at baseline, and at
the six-month, two-year, and ten-year follow-up points,
respectively. At baseline, 290 subjects were enrolled.
Table 1 shows the demographic variables, percentages of
subjects with comorbidities, pain indices, and psycho-
metric scores. There were no significant differences be-
tween patients who were and were not followed-up at
the three follow-up points in terms of the five demo-
graphic variables, with the exception of the variable of
age at the ten-year follow-up point (with vs. without
follow-up: 41.3 ± 8.1 vs. 39.3 ± 8.2 years, p = 0.04). At the
six-month and two-year time points, the percentage of
subjects who attended follow-up was over 80%. At the
ten-year follow-up point, approximately half of the sub-
jects attended follow-up appointments. Of the subjects
who did not complete the ten-year follow-up assessment
(n = 153), 34.1% (n = 99) were unable to be contacted by
phone or mail; 16.9% (n = 49) refused to participate in
the follow-up; 1.0% (n = 3) had expired due to medical
diseases; and 0.7% (n = 2) had their psychiatric diagnosis
shifted to schizophrenia.
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Headache and psychiatric diagnoses
Table 1 shows the percentages of patients with migraine
at the different time points. At baseline, 136 subjects
(46.9%) had migraine, including 116 MO (headache code
1.1) and 20 MO and MA (headache code 1.2). At the
two-year follow-up point, 54 subjects (22.8%) had mi-
graine, including 37 MO and 17 MO and MA. At the
ten-year follow-up point, 52 subjects (38.0%) had mi-
graine, including 42 MO and 10 MO and MA.
At baseline, 51.4% (n = 149) of the subjects had at least

one anxiety disorder, including 12.1% (n = 35) with panic
disorder, 11.7% (n = 34) with agoraphobia, 22.1% (n = 64)
with specific phobia, 27.6% (n = 80) with social phobia,
10.7% (n = 31) with post-traumatic stress disorder, 9.3% (n
= 27) with obsessive-compulsive disorder, and 5.5% (n =
16) with generalized anxiety disorder. Compared with the
subjects without anxiety disorders, a higher percentage of
the subjects with anxiety disorders had comorbid migraine
(63.1% vs. 29.8%, p < 0.001).
Patients with migraine at the two-year and 10-year

follow-up points had a longer total duration of pharmaco-
therapy (11.3 ± 8.1 vs. 7.8 ± 7.0 months, p = 0.002 at the
two-year point; 28.3 ± 37.5 vs. 27.0 ± 35.8 months, p = 0.84
at the 10-year point) as compared with those without.

Differences in pain indices between groups
Table 2 shows the differences in the SF-BP and PS scores
between groups at the four time points. Patients with
migraine had a lower SF-BP score and a higher PS score
than patients without migraine at all four time points

after Bonferroni correction, with the exception of the PS
score (2Y) in patients with pharmacotherapy.

Differences in the severities of depression, anxiety and
headache indices between groups
Patients with migraine had a higher headache intensity
and frequency than patients without migraine after Bon-
ferroni correction (Table 3). Patients with migraine also
had greater severities of depression and anxiety after
Bonferroni correction, with the exception of the sever-
ities of depression (6M) and anxiety (6M and 10Y) in pa-
tients without pharmacotherapy, and the severity of
depression (10Y) in patients with pharmacotherapy.

Correlations of pain indices with depression, anxiety, and
headache indices at the same time points
The SF-BP and PS scores were significantly (all p < 0.001)
correlated with the severities of depression and anxiety, as
well as the headache indices, at all four time points. The
correlations of the SF-BP score with depression (correlation
coefficient (r) ranged from − 070 to − 0.41), anxiety (r = −
0.59 to − 0.24), and headache intensity (r = − 0.59 to − 0.41)
and frequency (r = − 0.54 to − 0.33) were negative. The cor-
relations of the PS score with depression (r = 0.67 to 0.37),
anxiety (r = 0.57 to 0.27), and headache intensity (r = 0.63
to 0.49) and frequency (r = 0.60 to 0.43) were positive.

Self-reported percentages of time with pain symptoms in
the past ten years
The mean (± SD) percentages of time spent suffering pain
in the head, neck and/or shoulder, back, and general

Table 1 Demographic variables, pain indices, and psychometric scores at different time points among patients with major depressive
disorder

Time point Baseline Six-month follow-up Two-year follow-up Ten-year follow-up

Case number 290 254 237 137

Percentage of loss follow-up − 12.4 18.3 52.8

Age (years) 30.2 ± 8.2 30.6 ± 8.2 32.5 ± 8.4 41.0 ± 8.1

Educational years 13.2 ± 2.4 13.3 ± 2.4 13.3 ± 2.4 13.3 ± 2.5

Female (%) 71.4 70.9 69.2 69.3

In employment (%) 57.2 56.7 55.7 57.7

Married (%) 42.1 42.1 43.0 44.5

With migraine (%) 46.9 46.5 22.8 38.0

With any anxiety disorders (%) 51.4 50.4 54.4 49.6

With pharmacotherapy (%) 0 47.6 27.4 27.7

BMI 21.4 ± 4.0 − − 23.8 ± 4.3

SF-BP scores 48.3 ± 22.9 65.5 ± 23.6 68.4 ± 21.8 65.3 ± 20.5

PS scores 7.6 ± 3.8 4.1 ± 3.6 4.2 ± 3.3 4.7 ± 3.0

HAMD scores 23.4 ± 4.2 10.6 ± 7.8 10.4 ± 7.4 9.4 ± 6.4

HADS-A scores 15.0 ± 3.3 8.6 ± 4.8 9.0 ± 4.5 8.4 ± 4.7

BMI: body mass index; HAMD: Hamilton Depression Rating scale; HADS-A: anxiety subscale of the Hospital Anxiety and Depression scale; SF-BP: the bodily pain
subscale of the Short Form 36; PS: pain subscale of the Depression and Somatic Symptoms scale
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muscles in the past 10 years were 30.2 ± 28.0, 47.0 ± 31.5,
32.6 ± 30.5, and 29.8 ± 30.8, respectively. The self-reported
percentages of time spent with pain in the head (r ranged
from − 0.27 to − 0.50 for the SF-BP; 0.35 to 0.55 for the
PS), neck and/or shoulder (r = − 0.29 to − 0.60 for the
SF-BP; 0.28 to 0.68 for the PS), back (r = − 0.23 to − 0.56
for the SF-BP; 0.35 to 0.67 for the PS), and general muscles
(r = − 0.28 to − 0.59 for the SF-BP; 0.35 to 0.79 for the PS)
were significantly (all p < 0.01) correlated with the SF-BP
and PS scores at the four time points.
Figure 1 presents the differences in the self-reported

percentages of time spent with pains in the different
groups. Patients with migraine at the three time points (B,

2Y, 10Y) (group III) spent the highest percentage of time
with the four pain symptoms (ranging from 60.0% to
73.7%), followed by patients with migraine at any two of
the three points (group II). In contrast, patients without
migraine at the three time points (group 0) had the lowest
percentage of time spent with pain. In the post hoc ana-
lysis, significant differences between groups were noted
for headache (group 0 vs. group I, II, and III; group I vs.
group III), neck/shoulder pain (group 0 vs. group I, II, and

III), back pain (group 0 vs. group II and III) and general
muscle pain (group III vs. group 0, I, and II).

Factors independently associated with pain indices
Migraine was a significant factor associated with the
SF-BP and PS scores after controlling for demographic
variables, anxiety disorders at baseline, the severities of
depression and anxiety at the same time points, and
pharmacotherapy (Table 4). Compared with patients
without migraine, in patients with migraine, the SF-BP
score was lower by 8.93 points and the PS score was
higher by 1.33 points after controlling for other factors.

Discussion
Migraine was a significant factor associated with the two
pain indices after controlling for depression, anxiety,
pharmacotherapy, and other factors (Table 4). Compared
with MDD patients without migraine, MDD patients with
migraine had a poorer HRQoL in the pain dimension and
a higher pain severity at the four time points (Table 2).
Moreover, patients with migraine also had greater sever-
ities of depression and anxiety (Table 3). Table 4 shows

Table 2 The differences of the pain indices at four time points between patients with and without migraine

Without pharmacotherapy With pharmacotherapy

Migraine N SF-BP PS N SF-BP PS

Baseline Yes 136 37.7 ± 19.3** 9.6 ± 3.4** − − −

Baseline No 154 57.6 ± 21.8 5.9 ± 3.2 − − −

Six month Yes 58 56.1 ± 26.9** 5.6 ± 4.1** 60 60.9 ± 21.8** 4.5 ± 3.9**

Six month No 75 68.9 ± 22.6 3.8 ± 3.2 61 74.9 ± 18.9 2.5 ± 2.8

Two year Yes 34 53.1 ± 22.2** 7.1 ± 4.3** 20 52.6 ± 18.7** 6.0 ± 2.7*

Two year No 138 74.5 ± 19.9 3.1 ± 2.6 45 68.4 ± 19.8 4.4 ± 2.8

Ten year Yes 38 59.0 ± 18.3** 5.9 ± 2.6** 14 47.3 ± 17.2** 7.3 ± 3.4**

Ten year No 61 73.4 ± 19.5 3.6 ± 2.7 24 64.9 ± 19.0 4.1 ± 2.8

SF-BP the bodily pain subscale of the Short Form 36, PS the pain subscale of the Depression and Somatic Symptoms scale
*P < 0.05; ** Significance after Bonferroni correction with P < 0.025

Table 3 The difference of psychometric scores and headache indices at four time points between patients with and without
migrainea

Without pharmacotherapy With pharmacotherapy

Migraine N HAMD HADS-A HI HF N HAMD HADS-A HI HF

Baseline Yes 136 24.8 ± 4.3** 15.7 ± 3.2** 6.4 ± 3.0** 4.3 ± 2.4** − − − − −

Baseline No 154 22.2 ± 3.8 14.3 ± 3.3 3.2 ± 2.7 2.3 ± 2.2 − − − − −

Six month Yes 58 14.2 ± 9.1* 10.0 ± 5.0 3.7 ± 3.0** 2.8 ± 2.5** 60 10.5 ± 6.7** 9.1 ± 4.5** 2.9 ± 2.8** 2.2 ± 2.0***

Six month No 75 11.0 ± 7.8 9.2 ± 4.7 1.5 ± 1.8 1.5 ± 2.2 61 6.7 ± 5.8 6.1 ± 4.1 1.4 ± 2.0 0.9 ± 1.4

Two year Yes 34 16.3 ± 7.3** 12.0 ± 4.4** 5.2 ± 3.0** 2.6 ± 2.2** 20 15.7 ± 6.4** 11.9 ± 3.7** 4.8 ± 2.9** 2.6 ± 2.0**

Two year No 138 8.4 ± 6.6 7.9 ± 4.1 1.5 ± 2.0 1.0 ± 1.5 45 9.6 ± 6.8 8.7 ± 4.3 2.3 ± 2.3 1.6 ± 1.8

Ten year Yes 38 10.4 ± 5.5** 8.7 ± 4.8* 3.9 ± 3.0** 1.6 ± 1.5** 14 16.0 ± 6.8* 13.4 ± 4.5** 4.5 ± 3.5** 3.2 ± 2.7**

Ten year No 61 6.4 ± 5.3 6.6 ± 4.1 1.3 ± 2.1 1.0 ± 1.5 24 11.3 ± 6.2 9.6 ± 3.7 1.3 ± 2.0 1.2 ± 1.7

HAMD hamilton depression rating scale, HADS-A anxiety subscale of the Hospital Anxiety and Depression scale, HI headache intensity, HF headache frequency
*P < 0.05; ** Significance after Bonferroni correction with P < 0.0125
aHeadache intensity and frequency were measured using a 0–10 visual analog scale and the pain days of the past week, respectively
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that migraine, HAMD score, and HADS-A score were in-
dependent factors associated with the PS and SF-BP.
Therefore, the severities of depression and anxiety could
only explain part of the pain symptoms in MDD patients.
Migraine is an important but relatively neglected factor
associated with pain symptoms, and was found to be inde-
pendent of the effects of depression and anxiety. In fact, a
previous study reported that migraine affects pain symp-
toms among psychiatric outpatients to a greater degree
than MDE [20]. As discussed above, migraine was an im-
portant factor associated with pain symptoms in this study
(Table 4). Pharmacotherapy for MDD that focuses on de-
pression and anxiety only and neglects the role of mi-
graine in pain symptoms might fail to fully resolve pain
symptoms and lead to residual symptoms. This might be
one of reasons why pain symptoms often become residual
symptoms [38]. Our results implied that depression and
migraine should be treated simultaneously. Migraine pre-
vention is important, because migraine is not only

associated with pain, but also with cardiovascular diseases,
cerebrovascular diseases, and fibromyalgia [15–19]. In an
animal study, decreases in pain symptoms were associated
with improvement of depressive-like behaviors [39]. De-
pression and pain symptoms interact. There is a possibility
that improving pain symptoms might decrease depressive
symptoms among patients with depression; however, more
research and evidence are indicated to support this hy-
pothesis. Nonsteroidal anti-inflammatory drugs are
commonly-used medications for headache [40]. Patients
with MDD who use nonsteroidal anti-inflammatory drugs
for headache should be monitored for medication overuse,
because depression and anxiety are associated with a
higher risk of medication-overuse headache [41, 42]. In
fact, some therapeutic strategies for depression are also ef-
fective in treating migraine, including antidepressants
(such as serotonin-norepinephrine re-uptake inhibitors
and amitriptyline), cognitive behavioral therapy, and relax-
ation techniques [43]. Cognitive behavioral therapy might

Fig. 1 Self-reported percentages of time with pains in the past ten years in different groups. Group III, II, I, and 0 represent patients who had
migraine at all, any two, any one, and none of the three time points (including baseline, the two-year point, and the ten-year point), respectively.
Significant differences were noted between the four groups in terms of the four pain symptoms

Table 4 Independent variables associated with pain indicesa

Dependent variable Independent variable Estimate Standard error 95% CI P

SF-BP Migraine (yes vs. no) −8.93 1.40 −6.20 to −11.67 < 0.001

HAMD (one-point increment) −1.20 0.10 −1.00 to − 1.40 < 0.001

HADS-A (one-point increment) −0.59 0.19 −0.22 to −0.96 < 0.01

Educational years (one-year increment) 0.90 0.29 1.47 to 0.32 < 0.01

PS Migraine (yes vs. no) 1.33 0.23 1.78 to 0.89 < 0.001

HAMD (one-point increment) 0.19 0.02 0.22 to 0.16 < 0.001

HADS-A (one-point increment) 0.12 0.03 0.18 to 0.06 < 0.001

Educational years (one-year increment) −0.13 0.05 −0.03 to −0.23 0.01

Married (yes vs. no) 0.53 0.21 0.95–0.12 0.01

Age (one-year increment) 0.03 0.01 0.05 to 0.004 0.02

Anxiety disorders (yes vs. no) 0.52 0.24 1.00 to 0.05 0.03

HAMD hamilton depression rating scale, HADS-A anxiety subscale of the Hospital Anxiety and Depression scale, SF-BP the bodily pain subscale of the Short Form
36, PS pain subscale of the Depression and Somatic Symptoms scale
aGeneralized Estimating Equations models were used in this Table

Hung et al. The Journal of Headache and Pain  (2018) 19:56 Page 6 of 9



improve patients’ self-management of diseases and pro-
mote adaptive behaviors and skills for coping with stress
[43]. Physicians might use multi-model therapeutic strat-
egies based on patient preference, disease severity, pos-
sible adverse side effects, and prior adherence history.
Two points are worth noting: 1) The patients in group III

had the highest percentage of time spent with pain in the
past 10 years (Fig. 1). The higher the frequency of migraine,
the more often the patient suffered from pain symptoms. In
fact, the patients in group III suffered from pain most of the
time during the 10 years (ranging from 60.0% to 73.7%).
Therefore, migraine should be treated and prevented during
treatment for MDD. 2) For a long time, pain symptoms
were considered a part of MDD symptoms [3]. In this study,
the severities of depression and anxiety were significantly
correlated with the SF-BP and PS scores at the same time
points. This demonstrated that pain symptoms were associ-
ated with the severities of depression and anxiety. Moreover,
our results also showed that pain symptoms in MDD pa-
tients might be partially associated with the comorbidity of
migraine. Among patients without migraine at all time
points (group 0), the self-reported percentage of time with
pain was significantly lower than that of the other groups.
The causal relationships between depression, anxiety, mi-
graine, and pain symptoms should be further studied.
Migraine resulted in a poorer HRQoL in the pain dimen-

sion and a higher pain severity at the long-term follow-up
points. This may result from several reasons: 1) Migraine is
associated with sensory hypersensitivity [44]. Patients with
migraine exhibit generalized pressure pain hypersensitivity
in the head as compared with healthy controls [45]. Sensory
stimuli can trigger migraine attacks, and central
sensitization, characterized by abnormal neuronal excitabil-
ity, allodynia, and hyperalgesia, may occur when headache
attacks are experienced repeatedly [10, 46]. Compared with
healthy controls, patients with migraine demonstrated in-
creased neural activity in response to negative emotional
stimuli [47]. Therefore, MDD patients with migraine may
be more susceptible to other pain symptoms. Central
sensitization may be one of the possible mechanisms shared
between migraine, pain symptoms, and somatization [48].
2) The SF-BP and PS include a headache component. Based
on the ICH-3 beta criteria, migraine attack is characterized
by moderate to severe headache, and is accompanied with
physical activity limitation and other somatic symptoms.
These may cause functional impairment and significant
negative impacts on HRQoL. In fact, migraine was ranked
as the seventh leading cause of functional disability [49].
Some limitations or bias should be addressed. 1) Ap-

proximately half of the subjects did not attend the
ten-year follow-up appointment. Patients who refused to
continue to participate in the study or who were unable to
be contacted might be associated with a greater severity of
depression, which may have caused bias. 2) The interval

between the two-year and ten-year follow-up points was
long. Unequal follow-up intervals might have caused bias.
Frequent follow-up is required in future studies. 3) Due to
memory bias, the self-reported percentage of time spent
suffering pain in the past 10 years might be not very ac-
curate. Although the self-reported percentages of time
with pain were gross estimations, the self-reported indices
were significantly correlated with the SF-BP and PS scores
at all time points. 4) Although pharmacotherapy was in-
cluded in the GEE model, the kind and amount of medica-
tion were not controlled, because the study was of an
observational design. 5) The study excluded MDD pa-
tients with other chronic medical diseases at baseline and
did not monitor whether these medical diseases and fac-
tors related to cardiovascular risk had developed at the
follow-up points. In future studies, medical comorbidities
should be monitored at follow-up, because these comor-
bidities might influence the pain threshold [50].

Conclusion
After controlling for depression, anxiety and other factors,
migraine was independently associated with a poorer
HRQoL in the pain dimension and more severe pain symp-
toms among patients with MDD. During the ten-year
study period, the higher the frequency of migraine, the
more often patients with MDD suffered from pain symp-
toms. Migraine prevention should be integrated into the
treatment of depression, because simultaneous treatment
of depression and migraine might help to improve pain
symptoms and the score in the pain dimension of the
HRQoL. Physicians should employ therapeutic strategies,
including pharmacotherapy, cognitive behavioral therapy,
and relaxation techniques, for the simultaneous treatment
of depression and migraine.
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