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ABSTRACT

Objective We compared the incidence and risk of chronic
kidney disease (CKD) between subjects with new-onset
migraine and matched controls without migraine in this
large-scale retrospective cohort study.

Design Population-based cohort study.

Setting 8880 subjects with migraine and 503070
subjects without migraine were enrolled between January
1, 2000 and December 31, 2013, all diagnosed to be
without kidney disease. All the participants were registered
in the National Health Insurance Research Database.
Participants Finally, data from 7156 subjects with
migraine and 7156 propensity-score-matched control
subjects were analysed.

Primary outcome measure We used Cox proportional
hazards regression to estimate adjusted HRs for incident
CKD; subgroup analyses were performed to assess

the interactive effects of migraine with demographics,
comorbidities and long-term medications.

Results The incidence of CKD was higher in the migraine
group than in the control group. The risk of developing
CKD was significantly higher in subjects with migraine
than without migraine (P=0.031). Subjects with migraine
aged <65 years (age 40-64 (adjusted HR (aHR) 1.35;
95%Cl 1.05 to 1.73); age <40 (aHR 1.55; 95% Cl 1.02

to 2.36)), with >1 comorbid diseases (1-2 diseases (aHR
1.30; 95%Cl 1.01 to 1.68); >3 diseases (aHR 1.45; 95%Cl
1.01 to 2.07)), and not receiving anti-migraine agents
(@aHR 1.26; 95% CI 1.04 to 1.54) were at a higher risk

of developing CKD compared with the control subjects.
The interaction between migraine and comorbidities was
not significant; age, male gender and long-term use of
non-steroidal anti-inflammatory drugs (NSAIDs) were
independent risk factors for CKD in subjects with migraine.
Conclusion Migraine may be an independent risk factor
for CKD. Young subjects with migraine, and those with
comorbid conditions or without medical control, are likely
to be at higher risk for CKD. Ageing, male sex and NSAIDs
tend to have an association with CKD in subjects with
migraine.

INTRODUCTION

Headache is a non-specific symptom
frequently encountered in subjects with
chronic kidney disease (CKD).'* Although
new-onset migraine is more prevalent among
younger subjects than among older subjects,

Strengths and limitations of this study

» This is the first population-based retrospective
cohort study to examine the significant association
between migraine and subsequent developing
chronic kidney disease (CKD) in our study.

» Subjects with migraine aged <65 years,
with >1comorbid disease, and not receiving anti-
migraine agents were associated with a higher
risk of developing CKD compared with the control
subjects.

» Ourresults suggest that migraine may be a significant
and independent risk factor for CKD. Moreover,
older age and long-term use of non-steroidal anti-
inflammatory drugs are likely to be independent risk
factors of CKD for migraine subjects.

» We indeed tried to minimise certain confoundings,
commonly seen in registry-based studies, including
the use of a propensity-score matching, considering
the effects of medical surveillance bias by taking
clinical visits number into account, and tried to
validate the diagnoses of both migraine and CKD.

» We are unable to obtain detailed clinical information
(including laboratory data, experimental tests
and pathology results) from the National Health
Insurance programme.

the cumulative incidence of migraine in
subjects over 55 years is still high and around
20%-34%.” * Migraine is often accompanied
by additional symptoms such as nausea, dizzi-
ness or seeing flashing lights or blind spots,
which may cause several mental and phys-
ical problems.” Growing evidence suggests
that migraine is not a localised problem; it
involves peripheral and central neuronal
excitation and vascular disturbances® ” that
could lead to chronic hypertension and
kidney disease.”® Recent studies suggest that
the physical decline and disability associated
with CKD influence mortality more than
multimorbidity.”

The brain and kidneys show similar anatom-
ical and functional microvascular regula-
tion and possess similar cardiometabolic
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A large-scale cohort randomly sampled from
people enrolled in NHIRD
(n~ 1,000,000)

]

10,697 subjects with migraine
between 1996 and 2013

1817 migraine subjects excluded:
1082 diagnosed migraine between 1996-1999
469 aged <18 years
240 had previous kidney diseases e
11 developed kidney diseases within 30 days
of migraine diagnosis

1 died within 30 days of migraine diagnosis

14 follow-up <30 days

Y

8,880 newly diagnosed migraine

L

886,762 subjects without migraine

383,692 subjects excluded:
197,909 aged <18 years
27 aged >100 years
155,559 with diagnoses of headache
> 19,401 had previous kidney diseases
558 developed kidney diseases within
30 days after index date
741 died within 30 days after index date
9,497 follow-up <30 days

\

503,070 subjects without migraine

without kidney di at
baseline between 2000 and 2013

met the same exclusion criteria
from the database

A

Matching by propensity sore
in 1:1 ratio

Y

7,156 migraine cohort

Figure 1

7,156 non-migraine cohort

Flowchart of subject selection for the study cohort. A total of 8880 migraine subjects without a history of acute

kidney injury, chronic kidney diseases or end-stage renal disease were identified in the National Health Insurance Research
Database (NHIRD) from 2000 to 2013. One propensity-score-matched patient was selected from the NHIRD for each subject

with migraine.

risk factors."”"® Episodic migraine disorder involving
sensory sensitivity has widespread influence on the
central nervous system and related organs; changes in
the synchronisation of cortical activity may be an expla-
nation of its pathophysiology."” Recent migraine research
has focused on small molecules, calcitonin gene-related
peptide (CGRP), substance P and endothelin.® '* In fact,
the interaction between these neuropeptides and CKD is
mediated by vasoafferent nerve activation, given the fact
that the initial insult could activate renal sympathoexci-
tation.®?

In subjects with chronic migraine, several factors could
trigger CKD, such as blood pressure fluctuations, coex-
istent medical conditions and the overuse of symptom-
atic medications5; moreover, about 48% of the subjects
receiving haemodialysis complain of migraine. Most
subjects were treated with a combination of analgesics
(81%), while 19% of the subjects used a single analgesic
to treat this discomfort."®

Although some researchers have found that several
subjects with CKD suffer from frequent migraines, very
few studies have reported a causal relationship between
the two.'” With the increasing prevalence of migraine and
its poor clinical outcome in subjects with CKD, identifying
the relationship between migraine and CKD is crucial to
prevent the development and progression of CKD. We
conducted a nationwide, large-scale, population-based

study to determine whether migraine is a contributing
factor to CKD.

MATERIALS AND METHODS

Data source

The data for the present study were retrieved from the
Taiwan National Health Insurance Research Database
(NHIRD), which covers >99% of the Taiwanese popu-
lation of approximately 23 million. Longitudinal Health
Insurance Database 2005 (LHID2005) (containing 1
million patients randomly selected from the NHIRD in
2005 and longitudinally linked with NHIRD from 1996 to
2013) was accessed under the permission of the National
Health Insurance for research. The comprehensive
healthcare information maintained in the LHID2005
included the date of birth, sex, area of residence, medi-
cations, medical procedures and diagnostic codes. The
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes were used to
identify the diseases. These diagnostic codes have been
shown to have high accuracy and validity.'**' This study
was approved after a full ethical review by the Institu-
tional Review Board (IRB) of the Changhua Chris-
tian Hospital (approval number 150925), and the IRB
waived the need for consent. Those data were accessed
anonymously.
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Before propensity-score matching Propensity-score matched
Variables * Non-migraine (n=503070) Migraine (n=8880) P valuet = Non-migraine (n=7156) Migraine (n=7156) StD%

Male, n (%) 274757 (54.6) 2192 (24.7) <0.001 1780 (24.9) 1780 (24.9) 0.000

<15840 234301 (46.6) 4033 (45.4) 0.031 3164 (44.2) 3225 (45.1) 0.017

>25000 115312 (22.9) 1868 (21.0) <0.001 1726 (24.1) 1588 (22.2) 0.046

0, n (%) 6168 (1.2) 18 (0.2) <0.001 13 (0.18) 14 (0.2) 0.003

6-10, n (%) 132280 (26.3) 1100 (12.4) <0.001 1016 (14.2) 1004 (14.0) 0.005

CCIS (SD) 1.1(1.8) 2.0(2.1) <0.001 1.3(1.7) 1.7(1.8) 0.177

1,n (%) 104891 (20.9) 2215 (24.9) <0.001 1802 (25.2) 1946 (27.2) 0.046

>3, n (%) 76543 (15.2) 2666 (30.0) <0.001 1294 (18.1) 1697 (23.7) 0.139

Comorbid conditions, n (%)

Diabetes mellitus 27982 (5.6) 403 (4.5) <0.001 210 (2.9) 297 (4.2) 0.066

CAD 43242 (8.6) 1483 (16.7) <0.001 726 (10.2) 819 (11.4) 0.042

Stroke 13574 (2.7) 694 (7.8) <0.001 149 (2.1) 249 (3.5) 0.085

PAOD 1932 (0.4) 43 (0.5) 0.131 22 (0.3) 31(0.4) 0.021

Medications, n (%)

Diuretics 24248 (4.8) 487 (5.5) 0.004 229 (3.2) 324 (4.5) 0.069

Statins 17566 (3.5) 375 (4.2) <0.001 166 (2.3) 248 (3.5) 0.068

Acute medicines

Analgesic drugs other than NSAIDsY 36143 (7.2) 2215 (24.9) <0.001 1063 (14.9) 1215 (17.0) 0.058

Beta-blockers 43027 (8.6) 2289 (25.8) <0.001 1118 (15.6) 1183 (16.5) 0.025

Propranolol 14956 (3.0) 1538 (17.3) <0.001 504 (7.0) 975 (13.6) 0.217

Flunarizine 4029 (0.8) 1250 (4.1) <0.001 74 (1.0) 856 (12.0) 0.455

*Variables are expressed as mean+SDor n (%).

tTwo-sided t-test or % test between the migraine and non-migraine cohorts.

1StD, standardised difference of greater than 0.1 is considered important imbalance.

§Acute medicines include ergot alkaloids and selective serotonin agonists, preventive medicines include beta-blockers, antiepileptics (topiramate and valproate),
tricyclic antidepressants, selective serotonin reuptake inhibitors, serotonin—-norepinephrine reuptake inhibitors and other anti-migraine drugs (http://www.migraine.
org.uk/ and Silberstein SD, et al. Evidence-based guideline update: Pharmacologic treatment for episodic migraine prevention in adults. Neurology 2012;78:1337—
1345).

Ylincludes aspirin, acetaminophen and cyclooxygenase-2 inhibitors.

ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; CAD, coronary artery disease; CCIS, Charlson Comorbidity Index score;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs; NTD, new Taiwan dollars; PAOD,
peripheral artery occlusive disease; SNRI, serotonin—norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitors; StD, standardised difference.
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Figure 2 Kaplan-Meier analysis of the cumulative incidence
of chronic kidney disease (CKD) among subjects with (solid
line) and without (dashed line) migraine.

Non-migraine

Study population

We used a 4-year look-back (1996-1999) period to
identify subjects with new-onset migraine by excluding
pre-existing migraine diagnosis. Migraine was defined
as at least three records of a migraine diagnostic code
made by a neurology specialist within 1year (A-code
A229 and ICD-9-CM codes 346.x, online supplementary
table Sl).22 We defined various diseases, for example,
migraine, CKD or comorbid conditions, using diag-
nostic codes (online supplementary table S1). These
diagnostic codes were from ambulatory visit records
and principal diagnosis. Migraine was diagnosed by
neurologists to have at least three records, but CKD
and comorbid conditions were diagnosed by any
physician to have at least three records. Subjects who
were diagnosed with migraine during the look-back
period were excluded from this study. We identified
897459 subjects including 10697 subjects with newly
diagnosed migraine and 886762 subjects without
migraine from the NHIRD (figure 1) between January
1, 1996 and December 31, 2013. The migraine cohort
comprised all the participants who visited a neurol-
ogist at least three times presenting with headaches
diagnosed as migraine, and the index date was defined
as the first date of the migraine diagnosis. In addition,
the control subjects were also required to have three
visits in the index year. Since migraines are often
misdiagnosed as other types of headache, we excluded
155559 subjects with various types of headache from
the control cohort. Among the subjects who were
diagnosed with headache, 146 156 subjects were diag-
nosed with unspecified headache (ICD-9-CM 784.0)
and 9403 subjects were diagnosed with tension-type
headache (ICD-9-CM 307.81). Other exclusion criteria
were as follows: (1) diagnosis of kidney disease before

the index date, (2) age <18 or >100 years, (3) follow-up
period <30 days, (4) development of kidney disease
within 30 days of the migraine diagnosis and (5) death
within 30 days of the migraine diagnosis. We identified
8880 subjects with newly diagnosed migraine without
a history of acute kidney injury, CKD or end-stage
renal disease between January 1, 2000 and December
31, 2013; one propensity-score-matched subject was
selected for each subject with migraine. We used the
nearest-neighbour algorithm with a calliper of 0.1 SD
units to construct matched pairs, with the assump-
tion that the proportion of 1.0 is perfect.”” ** The
index date for the control participants was randomly
assigned on the basis of the diagnosis date for the
subjects from the migraine group. The final sample
included the migraine and non-migraine/control
groups containing 7156 subjects, respectively.

Validation of the CKD diagnosis using ICD-9-CM codes

To evaluate the accuracy of the CKD diagnostic codes
in the NHIRD, we studied two groups of subjects,
including 9551 subjects with CKD diagnosis codes and
1247 subjects without CKD diagnosis, at the Changhua
Christian Hospital from January 2013 to December
2015. We validated these codes using the standard
definition of CKD (estimated glomerular filtra-
tion rate, <60 mL min~' per 1.78m?) and electronic
medical records from the outpatient, emergency
and inpatient departments. Similar to the numbers
reported in previous studies,” ** the sensitivity, speci-
ficity, positive predictive value and negative predictive
value of using the ICD-9-CM codes for CKD diagnosis
were 24.8% (1179/4760), 98.9% (5970/6038), 94.6%
(1179/1247) and 62.5% (5970/9551), respectively.

Outcome measures and relevant variables

Our primary goal was to investigate the association
between migraine and the risk of incident CKD after
adjusting for age, sex and other confounding factors.
The outcomes and comorbidities were identified by
examining the A-codes and ICD-9-CM codes (online
supplementary table S1). The primary outcome was
incident CKD as defined by the A-codes and ICD-9-CM
codes (at least three records of CKD diagnostic codes,
as previously described).?” ® Both the migraine and
non-migraine cohorts were followed from the index
date to the date of the first CKD occurrence, the date
they withdrew from the insurance system or the end
of 2013. Major comorbid diseases diagnosed at least
twice before the index date were defined as base-
line comorbidities based on the claims data. The
comorbid conditions included hypertension, diabetes
mellitus, hyperlipidaemia, coronary artery disease
(CAD), congestive heart failure (CHF), stroke and
chronic obstructive pulmonary disease (COPD). The
Charlson Comorbidity Index (CCI) scores were used
to quantify the severity of the baseline comorbidities.*’
Additionally, the long-term medications, according
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to Anatomical Therapeutic Chemical (ATC) codes
defined by WHO, thought to be associated with renal
outcomes, including anti-diabetic agents, diuretics,
angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers (ACEIs/ARBs), beta-
blockers, non-steroidal anti-inflammatory drugs
(NSAIDs), analgesic drugs other than NSAIDs, statins
and anti-migraine agents, were also recorded (online
supplementary table S2).

Statistical analysis

The clinical characteristics in the migraine and
non-migraine cohorts were summarised using propor-
tions and mean=SD values. ¥” tests and t-tests were
used to compare the distributions of discrete and
continuous variables, respectively. Standardised differ-
ence (StD) scores were intuitive indexes that measure
the effect size between two groups. Cox’s proportion-
al-hazard models with competing risks of death were
used to estimate the relative risk of developing CKD
in subjects with migraine compared with the non-mi-
graine cohort. The baseline characteristic variables,
including age, sex, monthly income, comorbid condi-
tions, CCI scores, visit frequency, number of serum
creatinine test and long-term medications, were used
as covariates for adjustment in the multivariate Cox’s
analysis. To improve the reliability of our results,
we used three different adjusted models, including
covariate adjustment using the propensity scores, all
clinical variables and a full model comprising all the
clinical variables as well as prescribed medication as
time-dependent covariates. The propensity scores
were calculated using multivariate logistic regression
to predict the probability of migraine occurrence
(online supplementary table S3). The cumulative
incidence of CKD was calculated using the Kaplan-
Meier method, and the indices were compared in the
migraine and non-migraine groups using log-rank
tests. Additionally, the cumulative incidence functions
for the Fine and Grey competing risks model (CKD or
withdraw and death without CKD), one kind of propor-
tional-hazards model for subdistribution analysis, were
also used.” There are five situations to be withdrawn
from the NHI programme, including (1) convert the
insured unit, (2) change the insured identity, (3)
loss of insurance (loss of nationality of the Republic
of China, households move out of foreign countries,
expiration of expiry of expatriates), (4) death and
(5) missing for 6 months or confirm missing. Death is
defined as no medical record after withdrawal from the
NHI programme between 1996 and 2013.%' Subgroup
analyses were used to differentiate the risk for CKD
in subjects with migraine compared with the control
cohort among the various subpopulations. Further-
more, the subtypes of migraine and anti-migraine
agents were also analysed while determining the risk
of CKD in subjects with migraine. All the statistical
analyses were performed using the SAS 9.4 software
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Table 3 Subgroup analyses of risk for CKD in subjects with migraine and control cohorts

Subjects
without Subjects with
migraine migraine Compared with the control cohort
Subgroup n Events n Events aHR (95% CI)* Pvalue P, ..~ aHR (95% CI)t Pvalue P, .
Sex 0.904 0.942
Female 5376 143 5376 188 1.38 (1.11t01.72) 0.004 1.27 (1.02t0 1.59) 0.034
Male 1780 91 1780 121 1.41 (1.07 to 1.84) 0.014 1.34 (1.01 to 1.79) 0.045
Age, years 0.437 0.069
<40 4483 62 4475 89 1.44 (0.97 to 2.15) 0.073 1.55 (1.02 t0 2.36) 0.040
40-64 2202 106 2207 145 1.42 (1.13t0 1.79) 0.002 1.35(1.05t0 1.73) 0.020
>65 471 66 474 75 1.14 (0.82 to 1.59) 0.443 1.05 (0.75 to 1.45) 0.787
Comorbid 0.387 0.733
conditions
0 5302 80 5042 89 1.21 (0.89to 1.64) 0.231 1.29 (0.92t0 1.79) 0.135
1-2 1549 107 1739 139 1.34 (1.09to 1.65) 0.005 1.30 (1.01 t0 1.68) 0.042
>3 305 47 375 81 1.45(1.02 t0 2.08) 0.040 1.45(1.01 t0 2.07) 0.044
Anti- 0.326 0.921
migraine
agents
No 6120 175 4279 123 1.32 (1.09 to 1.59) 0.004 1.26 (1.04 to 1.54) 0.022
Yes 1036 59 2877 186 1.48 (0.95t02.30) 0.084 1.26 (0.94t0 1.68) 0.124

*Adjusted for the propensity score.

TAdjusted for all variables listed in table 1, where medications were considered time-dependent covariates.

aHR, adjusted HR; CKD, chronic kidney disease.

(SAS Institute, Cary, NC, USA). Results with two-tailed
P values <0.05 were considered statistically significant.

RESULTS

Characteristics of the study population

The flowchart in figure 1 shows the selection process,
while table 1 shows the characteristics of the study
population. A total of 511950 participants were
enrolled in the study, including 8880 subjects with
incident migraine and 503070 subjects without
migraine. Compared with the non-migraine group, the
migraine group included a higher number of women,
number of individuals with a middle-range income
(monthly income, NT$15840-25 000), number of
subjects more likely to visit for an illness, severity in
the CCI scores, proportions of chronic diseases except
diabetes mellitus and CHF, and medications except
anti-diabetic agents (table 1). After propensity-score
matching, all characteristics except medication for
migraine are balanced between the migraine and
non-migraine groups. There is more use of selective
serotonin reuptake inhibitors, serotonin-norepineph-
rine reuptake inhibitors, propranolol and flunarizine
in the subjects with migraine.

Risk of incident CKD
During the follow-up period, the proportion of
subjects with incident CKD (4.01% vs 3.14%, P=0.004)

and the incidence rate of CKD (5.57 vs 4.14 per 1000
person-years) (table 2) were significantly higher in the
migraine cohort than in the non-migraine cohort. The
Kaplan-Meier analysis showed that the cumulative inci-
dence of CKD was significantly higher in subjects with
migraine than subjects without migraine (log-rank test,
P<0.001) (figure 2). The cumulative incidence func-
tion before and after propensity-score matching also
showed that incident CKD was significantly higher in
subjects with migraine (online supplementary figure
S1). Four models were used to adjust the risk for inci-
dent CKD in the migraine cohort compared with that
in the control cohort (table 2). First, after propen-
sity-score matching, the risk of developing CKD was
significantly higher in subjects with migraine (crude
HR, 1.37;95% CI 1.16 to 1.62; P<0.001). Second, after
the adjustment for the propensity score, the incidence
of CKD remained higher in the migraine cohort than
that in the non-migraine cohort (adjusted HR (aHR)
1.25; 95%CI 1.06 to 1.49; P=0.010). Third, after
adjusting for all the confounding variables listed in
table 1, the risk of CKD was similarly higher in the
migraine cohort than that in the non-migraine cohort
(aHR 1.22; 95% CI 1.02 to 1.46; P=0.032). Finally, in
the full adjustment model, the increased risk for CKD
in the migraine group remained significant (aHR 1.22;
95% CI 1.02 to 1.47; P=0.031). To assess the reliability
of our results, we also performed a sensitivity analysis
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Subgroup aHR (95% CI)* P-value P for interaction
Hypertension '
No 1.27(1.01-1.61) 0.044 0.853 r—l—'
Yes 1.19(0.89-1.60) 0.249 N i
Diabetes mellitus ;
No 1.31(1.07-1.61) 0.009 0.211 | et
Yes 1.02 (0.66 - 1.59) 0.925 '.
Hyperlipidemia |
No 1.27(1.04-1.56) 0.019 0.618 : e
Yes 1.31(0.89-1.91) 0.170 Y i
CAD :
No 1.26 (1.00- 1.59) 0.049 0.993 e ee——
Yes  1.19(0.88-1.61) 0.252 —u
Stroke i
No 1.24 (1.03-1.51) 0.027 0.400 | bt
Yes 1.00 (0.49-2.02) 0.996 !
COPD :
No 1.23(1.00- 1.50) 0.045 0.832 ——
Yes 1.28(0.77-2.14) 0.340 ; i
I
NSAIDs 1
No 1.55(1.17-2.05) 0.002 0.067 s =
Yes 1.03(0.81-1.32) 0.814 '—.—'
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Figure 3 Subgroup analysis for the association of migraine with incident chronic kidney disease. ACEI, angiotensin-
converting enzyme inhibitor; aHR, adjusted HR; ARBs, angiotensin Il receptor blockers; CAD, coronary artery disease; COPD,
chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs. "Adjusted for all variables listed in
table 1, where medications were considered time-dependent covariates.

for the risk of incident CKD before propensity-score
matching and found that the association between
migraine and CKD remained consistent (online

supplementary table S4, figure S1).

Subgroup analysis of CKD risk by age, sex, comorbid
conditions and anti-migraine agents between subjects with
migraine and without migraine

Table 3 shows that the HR for subsequent CKD was signifi-
cantly higher in subjects with migraine of both sexes
compared with that in the control subjects. The HR of
CKD following migraine was higher in younger (<40 years)
and middle-aged (40—64 years) subjects, but notin elderly
subjects (=65 years). Additionally, subjects with migraine
with other comorbid conditions (1-2 and >3 comorbid
diseases) had higher risk of developing CKD than those
without any comorbid conditions. However, the interac-
tion between number of comorbidity and migraine was

not significant (P, . =0.733). It seemed that there is
no obvious correlation between developing CKD and
concomitant chronic diseases in subjects with migraine.
On the other hand, subjects with migraine who were not
prescribed any anti-migraine agents were found to have
a significantly increased risk of CKD (aHR 1.26; 95% CI

1.04 to 1.54; P=0.022; table 3).

Influence of migraine and other comorbid conditions on
incident CKD

Figure 3 shows that only subjects with migraine without
pre-existing hypertension (aHR 1.27;95% CI 1.01 to 1.61;
P=0.044), diabetes mellitus (aHR 1.31; 95%CI 1.07 to
1.61; P=0.009), hyperlipidaemia (aHR 1.27; 95% CI 1.04
to 1.56; P=0.019), CAD (aHR 1.26; 95% CI 1.00 to 1.59;
P=0.049), stroke (aHR 1.24;95% CI 1.03 to 1.51; P=0.027),
COPD (aHR 1.23; 95% CI 1.00 to 1.50; P=0.045), NSAIDs
(aHR 1.55; 95%CI 1.17 to 2.05; P=0.002) or diuretics
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Table 4 Risk factors of CKD in subjects with migraine

Subjects with migraine

Variables aHR* (95% CI) P value
Age, years
<40 1 (reference) -
40-64 2.24 (1.66 to 3.00) <0.001
>65 3.23 (2.23t0 4.66) <0.001
Men 1.92 (1.59 t0 2.33) <0.001
Type of migraine
Unspecified 1 (reference) -
Without aura 1.13 (0.68t0 1.87) 0.640
With aura 0.67 (0.43to 1.04) 0.071
Anti-migraine agents
Acute medicines
NSAIDs 1.26 (1.02 to 1.56) 0.029
Ergot alkaloids 1.02 (0.80to 1.30) 0.888
Selective serotonin 0.43 (0.16 to 1.16) 0.097
agonists
Preventive medicines
Topiramate 1.09 (0.65t0 1.83) 0.754
Valproate 1.10 (0.73 to 1.67) 0.651
Tricyclic antidepressants 1.12 (0.88 to 1.42) 0.356
Flunarizine 1.00 (0.77 to 1.29) 0.977
Propranolol 1.28 (1.01t0 1.62) 0.039
Selective serotonin 1.21 (0.91to 1.61) 0.182
reuptake inhibitors
SNRI 1.12 (0.81 to 1.55) 0.506

*Adjusted for all variables listed in table 1 and for the type of
migraine, where medications were considered time-dependent
covariates.

aHR, adjusted HR; CKD, chronic kidney disease; NSAIDs,non-
steroidal anti-inflammatory drugs; SNRI, serotonin-norepinephrine
reuptake inhibitors.

(aHR 1.22;95% CI 1.01 to 1.48; P=0.039) had a higher risk
of CKD. We also found no obvious interaction of devel-
oping CKD between migraine and concomitant chronic
diseases, including hypertension, diabetes mellitus,
hyperlipidaemia, CAD, stroke and COPD (figure 3,
P>0.05, all). Regarding the long-term used medications
and risk for CKD, we found no significant interactions
between migraine and diuretics (P=0.272), ACEls/
ARBs (P=0.327) and analgesic drugs other than NSAIDs
(P=0.550). Whether subjects with migraine under long-
term medication (eg, diuretics, ACEIs/ARBs and anal-
gesic drugs other than NSAIDs) or not was not associated
with incident CKD (figure 3).

Association for incident CKD in subjects with migraine

In contrast to the comparison between individuals from
the migraine and non-migraine cohorts, older subjects
in the migraine cohort showed higher risks for inci-
dent CKD (40-64 years: aHR 2.24, 95% CI 1.66 to 3.00,
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P<0.001; and 265 years: aHR 3.23, 95% CI 2.23 to 4.66,
P<0.001; table 4). CKD events predominantly occurred in
male subjects with migraine (aHR 1.92, 95% CI 1.59 to
2.33, P<0.001). The risks of CKD were similar in subjects
suffering from unspecified type of migraine, migraine
without aura and migraine with aura. The association
of incident CKD was significantly high in subjects with
migraine using propranolol (aHR 1.28, 95% CI 1.01 to
1.62, P=0.039) and NSAIDs (aHR 1.26, 95% CI 1.02 to
1.56, P=0.029) as anti-migraine agents.

DISCUSSION

We demonstrated, for the first time, an association
between migraine and subsequent CKD independent
of demographics, comorbid conditions and long-term
medications. The migraine cohort had a 1.22-fold higher
risk of subsequent CKD than the non-migraine cohort in
the full adjustment model (table 2). The subgroup anal-
ysis revealed that younger subjects with migraine had a
higher risk of CKD than elderly subjects, compared with
the control cohort. Subjects with migraine who were not
prescribed any anti-migraine agents had a significant
higher risk of CKD compared with the control cohort.
However, among the subjects with migraine, older subjects
had higher subsequent CKD than younger subjects. More-
over, subjects with migraine who regularly used symptom-
atic relief agents such as NSAIDs and prophylaxis such as
propranolol were prone to have incident CKD.

The risk of CKD in elderly subjects with migraine was
not significantly higher than that in subjects without
migraine. However, younger subjects with migraine were
more prone to have CKD compared with the control
cohort. We also did a combined subgroup analysis and
cumulative incidence function of CKD among different
age groups. Within the migraine or non-migraine cohorts,
older subjects are prone to have a higher risk of subse-
quent CKD than younger subjects (online supplementary
figure S2). Compared with the non-migraine cohort, the
subjects with migraine before propensity-score matching
had a relatively middle-range income. One possible
explanation is that long-term physical illness, as well as
mental and psychosocial stress, may lead to the dysreg-
ulation of central and peripheral neuropeptides in the
subjects.®” In addition, neuronal hyperexcitability, neuro-
genic extravasation, vasoactive secretion and cortical
spreading depression are especially high in young
subjects.” While the duration of each migraine attack is
usually between 15 and 30 min, the injury from the brain
to the kidney may be accumulated.

We observed a different relationship between the age
and risk of CKD in subjects with migraine and in all the
participants. Compared with the non-migraine cohort,
the CKD risk was not significantly higher in elderly
subjects with migraine (table 3). In figure 3, the subgroup
analysis revealed that migraine was associated with risk of
CKD after studying the interaction with a single disease.
However, table 3 shows that migraine subjects with
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comorbidities (1-2or >3 diseases) had more risk of CKD
compared with the control cohort. Besides, there was a
substantially high association with CKD in the elderly
within the migraine cohort (table 4). The probability of
developing secondary headache increases steadily with
age. Secondary headache includes headache related to
the side effects from drugs, diseases such as temporal
arteritis, trigeminal neuralgia, sleep apnoea, postherpetic
neuralgia, subarachnoid haemorrhage and intracerebral
haemorrhage.” In addition, we investigated the effects
of anti-migraine agents on the risk of CKD in subjects
with migraine. Our results revealed that some symptom-
atic relief agents for migraine, including propranolol
and NSAIDs, had higher associated risk of incident CKD
(table 4). NSAIDs are known to be strongly associated with
CKD due to the inhibition of cyclo-oxygenase activity,”
but whether anti-migraine agents are independent risk
factors of CKD remains under debate.** Although topi-
ramate administration was reported to have an associated
risk of urinary calculi,” we did not find a significant risk
of incident CKD in subjects with migraine.

Several factors underlying the pathophysiology of
migraine have been reported, including oxidative stress®’
and neuropeptides affecting neurogenic vasodilata-
tion, plasma protein extravasation, and peripheral and
central sensitisation®; these factors may subsequently
lead to kidney diseases. The oxidative stress-relative
pathway is recognised as a risk factor for both migraine
and CKD.?” * Some well-known small molecules, such as
the somatostatin receptor,’* vasoactive molecules (endo-
thelin)® *” and neuropeptides (eg, CGRP, substance P,
neuropeptide Y or vasoactive intestinal peptide),®® !> =
were recently reported to be correlated with migraine
as well as underlying different mechanisms of CKD.
Our results support previous studies and the proposed
hypothesis that patients suffering from migraine are at
a higher risk of kidney diseases. Therefore, aggressive
management involving regular follow-up of kidney func-
tion and a CKD education programme is warranted in
these subjects.

Several limitations of this study should be addressed.
First, some information such as history of smoking, body
mass index, blood pressure measurements, estimated
glomerular filtration rate and proteinuria were not
available in the NHIRD. Thus, we were unable to deter-
mine the CKD severity in this study. Second, a prospec-
tive survey questionnaire for determining the severity of
migraine and the quality of life of subjects was lacking.
We were unable to incorporate these variables into the
baseline or adjusted analysis models to improve the reli-
ability and validity of the association between migraine
and CKD. Third, analgesic and statin use were more
frequent among migraine users. The bias contributing
to events of CKD due to medication use may be under-
estimated. Fourth, the fact that subjects not receiving
anti-migraine agents had an increased risk of developing
CKD compared with control subjects is paradoxical.
Most importantly, there is no record of over-the-counter

medicines, and those young people suffering from
migraine without regular anti-migraine agents may have
additional use of painkiller with non-official prescription.
Fifth, those who had a migraine diagnosis before 1996
and in the absence of migraine diagnostic codes between
1996 and 1999 could be mistakenly identified as subjects
with new-onset migraine. Sixth, our data exclusively came
from administrative coding, which may have limited the
reliability of results. Seventh, as migraine is a particularly
difficult diagnosis, it is lacking validation or justification
of ICD-9-CM codes for accurate migraine diagnosis.**

In conclusion, we found a significant association
between migraine and subsequent CKD in this study.
Younger subjects with migraine were more likely to
develop incident CKD compared with the patients in the
non-migraine cohort. Age and some anti-migraine agents
(symptomatic relief agents such as NSAIDs and prophy-
laxis such as propranolol) were found to be indepen-
dent risk factors for CKD within the migraine cohort. As
migraine predominantly affects young and middle-aged
adults, the early detection of CKD and prevention of CKD
progression in their later life are important issues in these
subjects.
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