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Chanyang Min, MS#P¢, Hyoseob Lim, MDY, Jae-Sung Lim, MD®, Songyong Sim, PhD',

Hyo Geun Choi, MD, PhD*>*

Abstract N
Both psoriasis and migraine are associated with inflammatory diseases. However, few studies have been conducted the increased
risk of migraine in psoriasis patients. The aim of this study was to identify whether the psoriasis increases the risk of migraine. This
study used the national cohort study data collected by the Korean Health Insurance Review and Assessment from 2002 to 2013.
Patients with psoriasis (h=11,071) and control participants (n =44,284) were selected and matched 1:4 by age, sex, income, region
of residence, and past medical history of hypertension, diabetes, and dyslipidemia. This study used Cox-proportional hazard model
for calculating hazard ratio (HR) with crude and adjusted model. Stratification by age and sex was analyzed. Migraines occurred
significantly more frequently in psoriasis patients than in control participants (adjusted HR=1.16, 95% confidence interval (Cl) = 1.04—
1.31, P<.05). In the stratification analysis, migraines occurred significantly more frequently in psoriasis patients than in control
participants only in the group of middle-aged males (adjusted HR=1.62 95% Cl=1.22-2.13, P=.001). In conclusion, psoriasis
might increase the risk of migraine.

Abbreviations: 95% Cl = 95% confidence interval, CGRP = calcitonin gene-related peptide, HIRA = Health Insurance Review &
Assessment, HR = hazard ratio, ICD-10 = International Classification of Disease-10, IL = interleukin, NHIS-NSC = Korean National

Health Insurance Service-National Sample Cohort, SP = substance P, TNF = tumor necrosis factor.
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1. Introduction

Psoriasis is a chronic multisystem inflammatory disease that
mostly involves the skin and sometimes the joints. The clinical
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characteristics of psoriasis are symmetric erythematous plaques
appearance with silvery scale of the skin." The prevalence of
psoriasis is approximately 2% to 3% in the worldwide
population.”3!" Because the occurrence of psoriasis varies
depending on the distance from equator, the prevalence in Asian
countries is relatively lower than that in Western countries.[*! The
prevalence of psoriasis in Asian countries is reported to be 0.34%
in Japan,™ 0.3% in China,'® and 0.44% to 0.45% in Korea.”!
Increasing evidence has suggested that psoriasis is highly
associated with medical comorbidities including inflammatory
diseases such as arthritis, cancer, and cardiovascular dis-
ease.!57)

Migraine is one of the common chronic disorders that affects
approximately 10% to 20% of population.™® The clinical
symptoms of migraine are typically a unilateral, throbbing
headache accompanied by photophobia, phonophobia, nausea,
and disability.["" Several studies have reported that migraine is
associated with ischemic stroke and other cardiovascular
diseases.!'>13! Recent studies have reported that psoriasis is also
associated with an increased risk of migraine.['*!3!

The purpose of our study was to identify the association
between the risk of migraine in psoriasis patients using data from
a national cohort. We conducted an observational study, similar
to previous studies."*'5! In our study, we matched patients by
their past medical history of hypertension, diabetes, and
dyslipidemia as well as by other demographical factors, such
as age, sex, income, and region of residence, in a ratio of 1
psoriasis patient to 4 control participants. We stratified the study
population into age groups and sex groups to identify the specific
association.
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2. Methods

2.1. Data collection

The Ethics Committee of Hallym University (2014-1148)
approved the use of these data. The Institutional Review Board
exempted the requirement for written informed consent.

This national cohort study used data from the Korean National
Health Insurance Service-National Sample Cohort (NHIS-NSC).
The Korean NHIS selects samples directly from the entire
population database to prevent non-sampling errors. Approxi-
mately 2% of the samples (1 million) were selected from the entire
Korean population (50 million). The selected data were classified
into 1476 levels (age [18 categories], sex [2 categories], and
income level [41 categories]) using randomized stratified
systematic sampling methods via proportional allocation to
represent the entire population. A previous study verified the
appropriateness of the sample after data selection.'® The
National Health Insurance Sharing Service provides a detailed
description of the methods used to perform these procedures
(https://mhiss.nhis.or.kr/bd/ab/bdaba000eng.do). This cohort da-
tabase included

(i) personal information,

(ii) health insurance claim codes (procedures and prescriptions),

(iii) diagnostic codes using the International Classification of
Disease-10 (ICD-10),

(iv) death records from the Korean National Statistical Office
(using the Korean Standard Classification of disease),

(v) socioeconomic data (residence and income), and

(vi) medical examination data for each participant from 2002 to
2013 (11 years).

All Korean citizens are identified by a 13-digit resident
registration number from birth to death. Therefore, exact
population statistics can be determined using this database. All
Koreans are required to enroll in the NHIS. All Korean hospitals
and clinics use the 13-digit resident registration number to
register individual patients in the medical insurance system.
Therefore, the risk of overlapping medical records is minimal,
even if a patient moves from 1 place to another. All medical
treatments in Korea are tracked without exception using the
Health Insurance Review & Assessment (HIRA) system. In
Korea, the law states that a notice of death must be provided to an
administrative entity before a funeral can be held. Medical
doctors record the date and cause of death on a death certificate.

2.2. Definitions of psoriasis and migraine

The participants who had an ICD-10 code of L40 twice or more
were defined as having psoriasis. The participants were defined as
having migraines if they had an ICD-10 of G43 twice or more.

2.3. Setting and participants

To handle confounding factors in observational studies, data
processing and analyses such as matching, adjustment, and
stratification can be used."”! Although we conducted an observa-
tional study, we not only used statistical adjustments but also used
matching to examine the independent association between psoriasis
and migraine. Through these study methods, we were able to
determine an independent association with our findings.

Out 0f 1,125,691 participants with 114,369,638 medical claim
codes, psoriasis patients (n=12,921) were matched 1:4 with
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participants (control group) who never had a diagnosis of
psoriasis from 2002 through 2013. We included 4 times of
control group to increase the statistical power. The control group
was selected from the overall population (n=1,112,770). The
participants were matched for age, sex, income group, region of
residence, and past medical history (hypertension, diabetes, and
dyslipidemia). To prevent selection bias when selecting the
matched participants, the control group participants were sorted
using a random number order, and they were then selected from
top to bottom. It was assumed that the matched control
participants were involved at the same time as each matched
psoriasis patient (index date). Therefore, participants in the
control group who died before the index date were excluded.
Among both psoriasis patients and control participants,
participants who had a history of migraine before the index
date were excluded. In the psoriasis group, 376 participants were
excluded. The psoriasis patients for whom we could not identify
enough matching participants were also excluded (n=33). We
excluded participants who were younger than 20 years old (n=
1441). Finally, 1:4 matching resulted in the inclusion of 11,071
psoriasis patients and 44,284 control participants (Fig. 1).
However, they were not matched for a history of ischemic heart
disease or stroke.

2.4. Socioeconomic status and past medical history

The age groups were classified using 5-year intervals: 20 to 24, 25
t029,30to 34 ..., and 85+ years old. A total of 14 age groups
were designated. The income groups were initially divided into 41
classes (1 health aid class, 20 self-employment health insurance
classes, and 20 employment health insurance classes). These
groups were recategorized into 11 classes (class 1 [lowest
income]-11 [highest income]). Participants’ regions of residence
were divided into 16 areas according to administrative
districts. These regions were regrouped into urban (Seoul, Busan,
Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and rural
(Gyeonggi, Gangwon, Chungcheongbuk, Chungcheongnam,
Jeollabuk, Jeollanam, Gyeongsangbuk, Gyeongsangnam, and
Jeju) areas.

Participants’ past medical history was evaluated using ICD-10
codes. For the accuracy of diagnosis, participants were consid-
ered to have hypertension (I10 and I15), diabetes (E10-E14), or
dyslipidemia (E78) if they were diagnosed >2 times. Participants
were considered to have ischemic heart disease (I124 and 125) or
stroke (160-166) if they were diagnosed >1 time.

2.5, Statistical analysis

The chi-square test was used to compare the general character-
istics between participants in the psoriasis and control groups.

To analyze the hazard ratio (HR) of psoriasis on migraine, a
Cox-proportional hazard model was used. In this analysis, crude
and adjusted (age, sex, income, region of residence, hypertension,
diabetes, dyslipidemia, ischemic heart disease, and stroke) model
were used to determine the independent association between
psoriasis and migraine.

For the stratification analysis, we divided the participants by
age (20-39 years old, 40-59 years old, and 60+ years old) and sex
(male and female).

Two-tailed analyses were conducted, and P values less than .05
were considered to indicate significance. The results were
statistically analyzed using SPSS v. 21.0 (IBM, Armonk, NY).
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Figure 1. A schematic illustration of the participant selection process that was used in the present study. Out of a total of 1,125,691 participants, 11,071 psoriasis
patients were matched with 44,284 control participants by age, sex, income group, region of residence, and past medical history.

3. Results

The rate of migraine was higher in psoriasis patients (3.3%, 369/
11,071) than in control participants (2.9%, 1265/44,284). The
distributions of age, sex, income, region of residence, and medical
history of hypertension, diabetes, and dyslipidemia were
comparably matched between the psoriasis and control groups
(Each P=1.000, Table 1). The rate of ischemic heart disease and
migraine was higher in psoriasis patients than in control
participants (Each P <.05, Table 1).

The crude HR of psoriasis for migraine was 1.17 (95%
confidence interval (CI)=1.04-1.32, P=.008, Table 2) and
adjusted HR of psoriasis for migraine was 1.16 (95% CI=1.04-
1.31, P=.011, Table 2).

Through the stratification analysis by age and sex, only
participants in the group of middle-aged (40-59 years old) male
were found to have an association between psoriasis and an
increased risk of migraine based on both crude and adjusted HRs
(crude HR=1.62, 95% CI=1.22-2.13, P=.001; adjusted HR =
1.62, 95% CI=1.22-2.13, P=.001, Table 3).

4. Discussion

Higher proportion of migraines was shown in psoriasis patients
in our study. Egeberg et al have suggested that psoriasis is
associated with the risk of migraine in their cohort study.'!

Capo et al also found that migraines with aura occurred
significantly more frequently in participants in a psoriasis with
migraine group than in those in a migraine control group.!™!
Unlike these previous studies, our study matched 4 control
participants to each psoriasis patient by age, sex, income, region
of residence, and cardiovascular risk factors and considered
confounding factors to perform an appropriate statistical
method. Moreover, we also stratified the subgroup not only
by sex but also by age in the same proportions for each condition.
Although the definitive mechanism by which psoriasis
increases the risk of migraine is unclear, endothelial inflammation
may play a potential role in the link. One of the possible
pathophysiologic mechanisms of psoriasis is that activation of
plasmacytoid dendritic cells (DCs) triggers psoriasis. This
activation produces tumor necrosis factor (TNF)-a, interleukin
(IL)-12, and IL-23, which are proinflammatory cytokines that
lead to systemic inflammation. The axis of TNF-a, IL-12, and IL-
23 play a role in the development of psoriasis lesions.!'® In
connection with this mechanism, increasing evidence has
suggested that psoriasis patients may have endothelial dysfunc-
tion due to the effects of TNF-o."®! Likewise, neuropeptide
actions on the endothelium are a mechanism of migraine./*!
Therefore, inflammation-induced endothelial dysfunction may be
the potential mechanism linking psoriasis and migraine.
Nervous system involvement may be another possible
similarity between psoriasis and the risk of migraine. A number
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General participant characteristics.

Total participants

Characteristic Psoriasis (n, %) Control (n, %) P value
Age (years old) 1.000
20-24 777 (7.0) 3108 (7.0)
25-29 982 (8.9) 3928 (8.9)
30-34 1121 (10.1) 4484 (10.1)
35-39 1175 (10.6) 4700 (10.6)
40-44 1208 (10.9) 4832 (10.9)
45-49 1228 (11.1) 4912 (11.1)
50-54 1133 (10.2) 4532 (10.2)
55-59 912 8.2) 3648 (8.2)
60-64 775 (7.0) 3100 (7.0)
65-69 686 (6.2) 2744 (6.2)
70-74 540 (4.9) 2160 (4.9)
75-79 299 (2.7) 1196 (2.7)
80-84 156 (1.4) 624 (1.4)
85+ 79 (0.7) 316 (0.7)
Sex 1.000
Male 6275 (56.7) 25,100 (56.7)
Female 4796 (43.3) 19,184 (43.3)
Income 1.000
1 (lowest) 225 (2.0) 900 (2.0)
2 719 (6.5) 2876 (6.5)
3 730 (6.6) 2920 (6.6)
4 823 (7.4) 3292 (7.4)
5 931 (8.4) 3724 (8.4)
6 982 (8.9) 3928 (8.9)
7 1108 (10.0) 4432 (10.0)
8 1147 (10.4) 4588 (10.4)
9 1306 (11.8) 5224 (11.8)
10 1480 (13.4) 5920 (13.4)
11 (highest) 1620 (14.6) 6480 (14.6)
Region of residence 1.000
Urban 5309 (48.0) 21,236 (48.0)
Rural 5762 (52.0) 23,048 (52.0)
Hypertension 1.000
Yes 3534 (31.9) 14,136 (31.9)
No 7537 (68.1) 30,148 (68.1)
Diabetes 1.000
Yes 1980 (17.9) 7920 (17.9)
No 9091 (82.1) 36,364 (82.1)
Dyslipidemia 1.000
Yes 2801 (25.3) 11,204 (25.3)
No 8270 (74.7) 33,080 (74.7)
Ischemic heart disease
Yes 653 (5.9) 2371 (5.4) 024"
No 10,418 (94.1) 41,913 (94.6)
Stroke 114
Yes 1000 (9.0) 3791 (8.6)
No 10,071 (91.0) 40,493 (91.4)
Migraine 008"
Yes 369 (3.3) 1265 (2.9)
No 10,702 (96.7) 43,019 (97.1)

: Chi-square test or Fisher exact test; Significance at P <.05.

of clinical and histological observations suggest that neuro-
peptides contribute to the development of psoriasis.*!! Neuro-
peptides including substance P (SP) and calcitonin gene-related
peptide (CGRP) modulate the immune system during the
development of psoriasis.*?! In addition, according to recent
evidence, CGRP, and SP are known triggers of migraine. These
neuropeptides are released by cortical spreading depression.
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Crude and adjusted hazard ratios (95% confidence intervals) of
psoriasis for migraine.

Hazard ratio (95% Cl)

Characteristic Crude P value Adjusted” P value
Psoriasis 008" o1’
Yes 1.17 (1.04-1.32) 1.16 (1.04-1.31)
No 1.00 1.00

Cl=confidence interval.

*Cox-proportional hazard regression model; Significance at P <.05.

 Adjusted model for age, sex, income, region of residence, and history of hypertension, diabetes,
dyslipidemia, ischemic heart disease, and stroke.

Eventually, these neuropeptides sensitize the trigeminal menin-
geal nociceptors in patients with migraines.*°! Thus, neuro-
peptides might be possible risk factors for migraine in psoriasis
patients. Perhaps, psoriasis and migraine might be mutually
associated if these neuropeptides are mediators involved in both
mechanisms. Further study is warranted to determine a definitive
association between these 2 diseases.

In the stratification analysis, psoriasis was associated with an
increased risk of migraine only in the group of middle-aged males.
In our study population, because the prevalence of psoriasis
patients was higher in male patients and in the age 45 to 49
group, the higher proportion of migraines in patients in this
subgroup may be the reason for this statistically significant result.
In contrast to our study, a previous study reported conflicting
results that psoriasis was associated with an increased risk of
migraine in both males and females.!'* According to this prior
study, the participants were adjusted by medication use such as
cholesterol-lowering drugs. Males are more commonly exposed
to unhealthy lifestyle factors, such as an unhealthy diet and
substance use, than females.*>2! Although we did not consider
these unhealthy lifestyle factors in our study, these may be a
potential confounding factors in participants with psoriasis and
migraines. Additional larger and longitudinal randomized
controlled studies are needed to confirm whether psoriasis is
associated with an increased risk of migraine in particular sex and
age groups.

The strengths of our study are as follows. First, we included a
large population of psoriasis patients from a national cohort for
higher statistical power. Second, our study had a long-term
follow-up period so that we could identify the relationship
between psoriasis and migraine. Third, we matched 1 psoriasis
patient with 4 control participants by several confounding factors
to independently identify the difference between psoriasis
patients and control participants. Finally, we used an adjustment
model with several confounding factors to investigate the
independent association between psoriasis and migraine. For
example, hypertension, diabetes, dyslipidemia, ischemic heart
disease, and stroke were adjusted because both psoriasis and
migraines are associated with inflammatory diseases.!'*1®!
Especially, we adjusted ischemic heart disease because the
association between ischemic heart disease and migraine were
reported in the previous study./*®!

Several limitations should be considered when interpreting the
outcomes of our study. First, because our study was conducted by
using a national cohort collected by NHIS, we could not consider
certain variables for our purposes. For example, although
psoriasis and migraine are closely associated with inflammatory
condition such as obesity, smoking, alcohol, and exercise, these
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Stratification analysis of crude and adjusted hazard ratios (95% confidence intervals) of psoriasis for migraine according to age and sex.

Hazard ratio (95% Cl)

Characteristic Crude P value Adjusted’ P value
Young males (20-39 years old, n=10,500)
Psoriasis .074 .064
Yes 1.45 (0.97-2.16) 1.47 (0.98-2.20)
No 1.00 1.00
Young females (20-39 years old, n=9775)
Psoriasis .906 .930
Yes 0.99 (0.76-1.27) 0.99 (0.76-1.28)
No 1.00 1.00
Middle-aged males (40-59 years old, n=13,410) ) )
Psoriasis 001" 001"
Yes 1.62 (1.22-2.13) 1.62 (1.22-2.13)
No 1.00 1.00
Middle-aged females (40-59 years old, n=8995)
Psoriasis 738 781
Yes 1.04 (0.83-1.29) 1.03 (0.83-1.29)
No 1.00 1.00
Elderly males (60+ years old, n="7465)
Psoriasis .348 371
Yes 1.18 (0.84-1.66) 1.17 (0.83-1.65)
No 1.00 1.00
Elderly females (60+ years old, n=5210)
Psoriasis .296 .334
Yes 1.18 (0.87-1.60) 1.16 (0.86-1.58)
No 1.00 1.00

Cl=confidence interval.
" Cox-proportional hazard regression model; Significance at P <.05.

 Adjusted model for age, sex, income, region of residence, and history of hypertension, diabetes, dyslipidemia, ischemic heart disease, and stroke.

were not included in the data. Although various confounding
factors were adjusted in the model, the study outcomes might be
affected by the other confounding factors that we did not
consider. Second, because of the lack of migraine patients in our
study, migraine subtypes, such as migraine with aura and
migraine without aura, were not distinguished. Third, our
findings should be carefully interpreted because of the definition
of migraine that was used. We defined migraine patients as those
who had an ICD-10 code of G43 recorded twice or more.
According to a previous Korean nationwide cohort study, the
prevalence of migraine was approximately 6%.”! Because only
24.4% of migraine patients are evaluated at the hospital,’*®! the
actual proportion of migraine patients is approximately 1.5%. In
our study, the proportion of migraine patients was 1.2% because
we defined migraine as a diagnosis of migraine that was recorded
twice or more at a hospital. Thus, this proportion of migraine
patients might be less than the actual prevalence of migraine
patients. Finally, our study design was an observational study;
thus, the ability to determine definitive causality was limited.
Further intervention studies controlling for lifestyle factors
should be examined.

We suggest that psoriasis might increase the risk of migraine,
specifically in middle-aged males.

Table S1 and Table S2 http://links.lww.com/MD/C938.
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