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Abstract

Purpose: It remains unclear whether primary headaches, particularly migraine, are associated with glaucoma. We investigated 
potential associations between primary headaches, including migraine and tension-type headache (TTH), and primary glauco-
ma, including open-angle glaucoma (OAG) and closed-angle glaucoma (CAG). 

Methods: We used data from the Clinical Data Warehouse collected between 2008 and 2023 to investigate whether migraine 
and TTH influence the risk of primary glaucoma. We compared the prevalence of primary glaucoma, including OAG, CAG, other 
glaucoma, and total glaucoma (TG), among patients with migraine, those with TTH, and controls. 

Results: This study analyzed 46,904 patients with migraine, 48,116 patients with TTH, and 455,172 controls. Controls were 
selected based on propensity score matching (PSM). After adjustment for covariates and PSM, the fully adjusted odds ratios 
(ORs) for patients with migraine were 1.83 for OAG (95% confidence interval [95% CI], 1.33–2.51; p<0.004) and 1.55 for TG 
(95% CI, 1.26–1.91; p<0.004) compared to controls. Furthermore, in patients with TTH, the ORs for CAG were 2.20 (95% CI, 
1.40–3.47; p<0.004) compared to controls. Additionally, patients with migraine had fully adjusted ORs of 1.71 for OAG (95% 
CI, 1.24–2.36; p<0.004) and 1.41 for TG (95% CI, 1.15–1.73; p<0.004) compared to those with TTH. 

Conclusion: Migraine is associated with primary glaucoma, particularly OAG. 
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INTRODUCTION 

Tension-type headache (TTH) is the most common pri-

mary headache disorder, whereas migraine is more de-

bilitating and affects 10-15% of the general population, 

particularly individuals of working age. Although the 

pathogenesis of migraine is complex and unclear, several 

potential mechanisms have been proposed, including 

vasospasm, hypercoagulability, endothelial, and vascular 

muscle dysfunction, and vascular changes associated with 
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cortical spreading depression.1-3 Consequently, migraine is 

considered a systemic vasculopathy.1,4 

Glaucoma is a multifactorial disorder characterized by 

progressive optic neuropathy and visual field loss, which 

makes it the most common cause of irreversible blindness 

worldwide.5,6 Primary glaucoma can be categorized as 

open-angle glaucoma (OAG) or closed-angle glaucoma 

(CAG), the most common types of glaucoma in Asians.7,8 

The pathogenesis of glaucoma involves vascular risk fac-

tors. Previous studies have evaluated associations between 

glaucoma and systemic vascular diseases (e.g., hyperten-

sion and diabetes) and ocular vascular factors (e.g., ocular 

blood flow and perfusion pressure).9-11 

A previous study demonstrated a slightly increased risk 

of CAG in individuals with hyperlipidemia, liver diseases, 

peptic ulcers, and headaches. Furthermore, in a previous 

study, headache, but not migraine, was associated with a 

higher risk for CAG.12 Recent epidemiological studies have 

demonstrated an association between migraine and OAG, 

revealing that individuals with migraine are more likely 

to develop OAG than those without migraine, even after 

adjusting for risk factors.13,14 Conversely, another study 

of Chinese individuals revealed that migraine did not 

increase the risk of OAG.15 Therefore, it remains unclear 

whether primary headaches, particularly migraine, are 

concomitant conditions or risk factors for glaucoma. 

Here we investigated the relationships between primary 

glaucoma, including OAG and CAG, and migraine and 

TTH, the main types of primary headache. 

MATERIALS AND METHODS 

1. Ethics approval and consent to participate 

The study was conducted according to the guidelines of 

the Declaration of Helsinki and approved by the Clinical 

Research Ethics Committee of Chuncheon Sacred Heart 

Hospital, Hallym University (No. 2024-01-001). Because 

this study used only deidentified data, the review board 

waived the requirement for obtaining informed consent 

form all subjects. 

2. Study participants 

We analyzed clinical data from the Smart Clinical Data 

Warehouse (CDW), Hallym University Medical Center, 

collected between January 2008 and November 2023. The 

Smart CDW, based on the Qlik-View Elite Solution (Qlik), 

is used at all five Hallym University Medical Center hos-

pitals. It enables the extraction and integrated analysis of 

fixed data from electronic medical records. Patients with 

migraine were eligible for inclusion in this study if they 

were aged 20-80 years, were diagnosed by a board-certified 

neurologist, were assigned the International Classification 

of Diseases tenth revision (ICD-10) code G43 in medical 

records, and had more than two outpatient visits or at 

least one admission to a neurology department. Patients 

with TTH were included if they were aged 20-80 years 

and assigned the ICD-10 code G44 in the database. The 

control group included patients aged 20-80 years who had 

undergone general health checkups at a health promotion 

center. Patients with a history of headache or migraine 

identified using a basic questionnaire administered before 

the health checkup were excluded. 

3. Migraine, tension-type headache, glaucoma, and 
covariates 

We compared the frequency of primary total glaucoma 

(TG), excluding secondary causes, among patients with 

migraine, TTH, and controls. Glaucoma was diagnosed 

based on the ICD codes in the CDW database. We exclud-

ed secondary cases using ICD codes (H40.3-6). In addition, 

primary glaucoma was classified as OAG (H40.1), CAG 

(H40.2), and other glaucoma (OG; H40.8-9). In addition, 

the presence of comorbidities was determined using rele-

vant ICD-10 codes in the database, including angina (I20, 

I24, and I251), atrial fibrillation (I480–482 and I489), anx-

iety disorder (F41), cerebrovascular diseases (G45-46 and 

I60-69), chronic hepatitis (B18, I85, and K70-74), chronic 

pulmonary disease (J44), depression (F31-34, F412, and 

F432), diabetes mellitus (E10-14), dyslipidemia (E78), 

heart disease (I05-09, I21-23, I30-47, and I49-52), hyper-

tension (I10-15), menopause (M800, M010, N924, and 

N95), renal failure (N03 and N18-17), and sleep disorders 

(F51, G258, and G47). We excluded patients with renal fail-

ure receiving concurrent dialysis prescriptions to exclude 

dialysis headaches. 
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4. Statistical analysis 

Continuous data are presented as means with standard 

deviations, whereas categorical data are presented as fre-

quencies with percentages. The T-test and chi-square test 

were used to compare continuous and categorical data 

among migraine, TTH, and control groups. Given the in-

ability to randomize patients based on migraine or TTH 

status, we used propensity score matching (PSM) to adjust 

for covariates and selection bias using Python (version 3.7; 

Anaconda Inc.; https://www.anaconda.com) and Pymatch 

(version 0.3.4; https://github.com/benmiroglio/pymatch). 

Propensity scores ranged from 0.07 to 0.87; all matched 

cases had scores within 0.0001 of each other at a matching 

ratio of 1:1. This process resulted in 14,177 matched pairs 

of migraine patients and controls, 20,325 matched pairs 

of TTH patients and controls, and 12,808 matched pairs 

of migraine and TTH patients. Logistic regression was 

used to calculate odds ratios (ORs) with 95% confidence 

intervals (CIs) for outcomes in the OAG, CAG, OG, and TG 

groups compared to their respective controls. After PSM, 

adjusted ORs were computed for each disorder among the 

three groups using covariates and propensity scores. The 

Bonferroni correction was applied to correct for multiple 

testing and p-values<0.004 were considered significant. 

This value was derived by dividing the p-value threshold 

of 0.05 by the number of tests performed, i.e., 12 (four out-

come variables tested in three groups). All p-values were 

Figure 1. Flow chart of the enrollment process.
TTH, tension-type headache; BMI, body mass index.

46,904 Patients who had been treated 
for migraine

455,172 Controls underwent health 
check-up

48,116 Patients who had been treated 
for TTH

14,195 Migraine patients who had been 
treated twice or more for migraine 189,340 Non-headache controls

Propensity score matching

20,332 TTH patients

24,227 Patients were excluded
  
20,707 �Patients treated for 

migraine once
  3,216 �Patients were below 19 

years of age
     304 �Patients were above 80 

years of age
  8,452 �Patients  without BMI
       30 �Patients received dialysis

80,137 �Patients were excluded

 30,002 �Subjects were below  
19 years of age

   9,629 �Subjects were above  
80 years of age

 10,270 �Patients treated for 
migraine once or more 

 12,343 �Patients treated for TTH   
 17,893 �Patients treated for 

headache other than 
migraine or TTH

185,072 �Patients without BMI
       623 �Patients received dialysis

9,078 �Patients were excluded

  2,170 �Patients were below  
19 years of age

  1,074 �Patients were above  
80 years of age

  2,380 �Patients treated for 
migraine once

  3,454 �Patients treated for 
migraine twice or more

18,640 �Patients  without BMI
       66 �Patients received dialysis

14,177 Migraine vs. 
14,177 non-headache controls

Analyzed

12,808 Migraine vs. 
12,808 TTH

Analyzed

20,325 TTH vs. 
20,325 non-headache controls

Analyzed
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Table 1. Characteristics of the migraine and control groups before and after propensity score matching
Before matching After matching

Migraine 
(n=14,195)

Control 
(n=189,340) ASD Migraine 

(n=14,177)
Control 

(n=14,177) ASD

Female sex 10,523 (74.1) 91,309 (48.2) 0.59 10,505 (74.1) 10,619 (74.9) 0.02
Age (yr) 45.6±14.4 49.8±14.7 0.30 45.6±14.4 46.1±14.8 0.03
BMI (kg/m2) 23.8±4.0 24.2±3.7 0.09 23.8±4.0 23.8±4.0 0.00
DM 1,045 (7.4) 19,468 (10.3) 0.11 1,043 (7.4) 985 (6.9) 0.02
HTN 2,378 (16.8) 28,802 (15.2) 0.04 2,370 (16.7) 2,378 (16.8) 0.00
Dyslipidemia 1,956 (13.8) 25,512 (13.5) 0.01 1,950 (13.8) 2,010 (14.2) 0.01
Angina 1,226 (8.6) 1,2951 (6.8) 0.06 1,218 (8.6) 1,277 (9.0) 0.01
AF 170 (1.2) 4,092 (2.2) 0.09 170 (1.2) 173 (1.2) 0.00
Heart disease 951 (6.7) 12,517 (6.6) 0.00 949 (6.7) 946 (6.7) 0.00
CVD 2,647 (18.6) 17,666 (9.3) 0.24 2,631 (18.6) 2,632 (18.6) 0.00
Chronic pulmonary disease 1,538 (10.8) 17,294 (9.1) 0.05 1,529 (10.8) 1,494 (10.5) 0.01
Renal failure 270 (1.9) 5,007 (2.6) 0.05 269 (1.9) 284 (2.0) 0.01
Chronic hepatitis 538 (3.8) 13,205 (7.0) 0.17 538 (3.8) 493 (3.5) 0.02
Anxiety 782 (5.5) 3,543 (1.9) 0.16 771 (5.4) 765 (5.4) 0.00
Depression 2,003 (14.1) 7,756 (4.1) 0.29 1,985 (14.0) 2,024 (14.3) 0.01
Sleep disorder 1,413 (10.0) 5,996 (3.2) 0.23 1,397 (9.9) 1,385 (9.8) 0.00
Menopause 834 (5.9) 7,517 (4.0) 0.08 831 (5.9) 863 (6.1) 0.01
OAG 106 (0.7) 912 (0.5) 106 (0.7) 61 (0.4)
CAG 23 (0.2) 183 (0.1) 23 (0.2) 10 (0.1)
OG 122 (0.9) 1,446 (0.8) 122 (0.9) 118 (0.8)
TG 229 (1.6) 2,182 (1.2) 229 (1.6) 158 (1.1)

Values are presented as number (%) or mean±standard deviation.
ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation; CVD, cerebrovascular dis-
ease; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

two-sided. SPSS software (version 24.0; IBM Corp.) was 

used for statistical analyses. 

RESULTS 

1. Participant characteristics 

In total, 46,904 patients with migraine, 48,116 patients with 

TTH, and 455,172 controls were enrolled using the ICD-

10 codes. After the application of exclusion criteria, 14,195 

migraine patients, 20,332 TTH patients, and 189,340 con-

trols were included in the final analysis. Of the enrolled 

patients with migraine, 10,523 were females (74.1%) and 

the mean age was 45.6±14.4 years. In the TTH and control 

groups, 12,344 (60.7%) and 91,309 participants (48.2%) 

were females; the mean ages were 52.8±13.7 and 49.8±14.7 

years, respectively. Figure 1 presents the enrollment pro-

cess. After PSM, absolute standardized differences be-

tween the migraine and control groups were <0.1 (Table 

1). Furthermore, no significant differences were observed 

between the TTH and control groups (Table 2). After PSM, 

no significant differences were observed between the mi-

graine and TTH groups (Table 3). 

2. Primary glaucoma in patients with migraine and 
controls 

Prior to PSM, unadjusted ORs in individuals with mi-

graine compared to controls were 1.74 (95% CI, 1.27-2.39; 

p<0.004) for OAG, 2.30 (95% CI, 1.10-4.84) for CAG, 1.03 

(95% CI, 0.80-1.33) for OG, and 1.46 (95% CI, 1.19-1.79; 

p<0.004) for TG. After PSM, the adjusted ORs were 1.83 

(95% CI, 1.33-2.51; p<0.004) for OAG, 2.55 (95% CI, 1.21-

5.39) for CAG, 1.10 (95% CI, 0.85-1.43) for OG, and 1.55 

(95% CI, 1.26-1.91; p<0.004) for TG in migraine patients 

(Table 4). Among all types of primary glaucoma, only OAG 



Table 2. Characteristics of the TTH and control groups before and after propensity score matching
Before matching After matching

TTH 
(n=20,332)

Control 
(n=189,340) ASD TTH 

(n=20,325)
Control 

(n=20,325) ASD

Female sex 12,344 (60.7) 91,309 (48.2) 0.26 12,337 (60.7) 12,416 (61.1) 0.01
Age (yr) 52.8±13.7 49.8±14.7 0.22 52.8±13.7 53.3±14.3 0.04
BMI (kg/m2) 24.3±3.5 24.2±3.7 0.05 24.3±3.5 24.4±3.7 0.01
DM 2,420 (11.9) 19,468 (10.3) 0.05 2,419 (11.9) 2,361 (11.6) 0.01
HTN 4,996 (24.6) 28,802 (15.2) 0.22 4,990 (24.6) 5,074 (25.0) 0.01
Dyslipidemia 3,800 (18.7) 25,512 (13.5) 0.13 3,794 (18.7) 3,624 (17.8) 0.02
Angina 2,647 (13.0) 12,951 (6.8) 0.18 2,640 (13.0) 2,592 (12.8) 0.01
AF 578 (2.8) 4,092 (2.2) 0.04 578 (2.8) 575 (2.8) 0.00
Heart disease 2,017 (9.9) 12,517 (6.6) 0.11 2,015 (9.9) 1,934 (9.5) 0.01
CVD 4,322 (21.3) 17,666 (9.3) 0.29 4,315 (21.2) 4,438 (21.8) 0.01
Chronic pulmonary disease 3,100 (15.2) 17,294 (9.1) 0.17 3,095 (15.2) 3,172 (15.6) 0.01
Renal failure 644 (3.2) 5,007 (2.6) 0.03 644 (3.2) 605 (3.0) 0.01
Chronic hepatitis 1,220 (6.0) 13,205 (7.0) 0.04 1,217 (6.0) 1,200 (5.9) 0.00
Anxiety 1,326 (6.5) 3,543 (1.9) 0.19 1,319 (6.5) 1,199 (5.9) 0.02
Depression 2,374 (11.7) 7,756 (4.1) 0.24 2,368 (11.7) 2,227 (11.0) 0.02
Sleep disorder 1,574 (7.7) 5,996 (3.2) 0.17 1,567 (7.7) 1,450 (7.1) 0.02
Menopause 1,555 (7.6) 7,517 (4.0) 0.14 1,548 (7.6) 1,610 (7.9) 0.01
OAG 144 (0.7) 912 (0.5) 144 (0.7) 99 (0.5)
CAG 58 (0.3) 183 (0.1) 58 (0.3) 28 (0.1)
OG 215 (1.1) 1,446 (0.8) 215 (1.1) 211 (1.0)
TG 353 (1.7) 2,182 (1.2) 353 (1.7) 294 (1.4)

Values are presented as number (%) or mean±standard deviation.
TTH, tension-type headache; ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation; 
CVD, cerebrovascular disease; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

was associated with migraine.  

3. Primary glaucoma in patients with tension-type 
headache and controls  

Table 5 presents the ORs for the development of primary 

glaucoma in TTH patients and controls. The unadjusted 

ORs for OAG, CAG, OG, and TG were 1.46, 2.07, 1.02, and 

1.20 in TTH patients compared to controls, respectively. 

After adjusting for all covariates and PSM, the fully adjust-

ed ORs in patients with TTH compared to controls were 

1.53 (95% CI, 1.18-1.98) for OAG, 2.20 (95% CI, 1.40-3.47; 

p<0.004) for CAG, 1.08 (95% CI, 0.89-1.30) for OG, and 

1.27 (95% CI, 1.08-1.48) for TG (Table 5). Among all types 

of primary glaucoma, only CAG was associated with TTH 

patients. 

4. Differences in primary glaucoma between patients 
with migraine and tension-type headache 

A comparison of patients with migraine and TTH demon-

strated fully adjusted ORs of 1.71 (95% CI, 1.24-2.36; 

p<0.004) for OAG, 1.12 (95% CI, 0.62-2.03) for CAG, 1.19 

(95% CI, 0.91-1.56) for OG, and 1.41 (95% CI, 1.15-1.73; 

p<0.004) for TG. Among all types of primary glaucoma, 

only OAG was associated with migraine (Table 6). 

DISCUSSION 

We investigated the risk of primary glaucoma, including 

each major type, among patients with migraine and TTH 

based on CDW data collected between 2008 and 2023. Af-

ter adjusting for covariates and employing PSM, patients 

with migraine were at a significantly higher risk of OAG, 

whereas patients with TTH were at a higher risk of CAG, 
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Table 4. ORs for primary glaucoma between migraine patients and controls
OR (95% CI)

OAG CAG OG TG
UA 1.74* (1.27–2.39) 2.30 (1.10–4.84) 1.03 (0.80–1.33) 1.46* (1.19–1.79)
AVA 1.83* (1.33–2.51) 2.55 (1.21–5.39) 1.10 (0.85–1.43) 1.55* (1.26–1.91)
AVPA 1.83* (1.33–2.51) 2.55 (1.21–5.39) 1.10 (0.85–1.43) 1.55* (1.26–1.91)

*Asterisk indicates a statistically significant (p<0.004).
OR, odds ratio; CI, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score adjusted; OAG, open–angle 
glaucoma; CAG, closed–angle glaucoma; OG, other glaucoma; TG, total glaucoma.

Table 5. ORs for primary glaucoma between TTH patients and controls
OR (95% CI)

OAG CAG OG TG
UA 1.46 (1.13–1.88) 2.07* (1.32–3.26) 1.02 (0.84–1.23) 1.20 (1.03–1.41)
AVA 1.53 (1.18–1.98) 2.20* (1.40–3.46) 1.07 (0.89–1.30) 1.27* (1.08–1.48)
AVPA 1.53 (1.18–1.98) 2.20* (1.40–3.47) 1.08 (0.89–1.30) 1.27* (1.08–1.48)

*Asterisk indicates a statistically significant (p<0.004).
OR, odds ratio; TTH, tension-type headache; CI, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score 
adjusted; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

Table 3. Characteristics of the migraine and TTH groups before and after propensity score matching
Before matching After matching

Migraine 
(n=14,195) TTH (n=20,332) ASD Migraine 

(n=12,808) TTH (n=12,808) ASD

Female sex 10,523 (74.1) 12,344 (60.7) 0.31 9,192 (71.8) 8,974 (70.1) 0.04
Age (yr) 45.6±14.4 52.8±13.7 0.50 47.1±14.1 48.3±13.2 0.08
BMI (kg/m2) 23.8±4.0 24.3±3.5 0.14 24.0±3.9 24.0±3.5 0.02
DM 1,045 (7.4) 2,420 (11.9) 0.17 1,018 (7.9) 1,100 (8.6) 0.02
HTN 2,378 (16.8) 4,996 (24.6) 0.21 2,316 (18.1) 2,416 (18.9) 0.02
Dyslipidemia 1,956 (13.8) 3,800 (18.7) 0.14 1,904 (14.9) 1,955 (15.3) 0.01
Angina 1,226 (8.6) 2,647 (13.0) 0.16 1,191 (9.3) 1,243 (9.7) 0.01
AF 170 (1.2) 578 (2.8) 0.15 170 (1.3) 189 (1.5) 0.01
Heart disease 951 (6.7) 2,017 (9.9) 0.13 915 (7.1) 929 (7.3) 0.00
CVD 2,647 (18.6) 4,322 (21.3) 0.07 2,477 (19.3) 2,528 (19.7) 0.01
Chronic pulmonary disease 1,538 (10.8) 3,100 (15.2) 0.14 1,449 (11.3) 1,475 (11.5) 0.01
Renal failure 270 (1.9) 644 (3.2) 0.09 265 (2.1) 300 (2.3) 0.02
Chronic hepatitis 538 (3.8) 1,220 (6.0) 0.12 529 (4.1) 540 (4.2) 0.00
Anxiety 782 (5.5) 1,326 (6.5) 0.04 732 (5.7) 760 (5.9) 0.01
Depression 2,003 (14.1) 2,374 (11.7) 0.07 1,759 (13.7) 1,705 (13.3) 0.01
Sleep disorder 1,413 (10.0) 1,574 (7.7) 0.07 1,197 (9.3) 1,185 (9.3) 0.00
Menopause 834 (5.9) 1,555 (7.6) 0.08 824 (6.4) 878 (6.9) 0.02
OAG 106 (0.7) 144 (0.7) 101 (0.8) 61 (0.5)
CAG 23 (0.2) 58 (0.3) 23 (0.2) 21 (0.2)
OG 122 (0.9) 215 (1.1) 118 (0.9) 103 (0.8)
TG 229 (1.6) 353 (1.7) 220 (1.7) 163 (1.3)

Values are presented as number (%) or mean±standard deviation.
TTH, tension-type headache; ASD, absolute standardized difference; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation; 
CVD, cerebrovascular disease ; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.

Kim et al.  Glaucoma and Headache

59www.e-hpr.org



compared to controls without headache. Moreover, mi-

graine was associated with a higher risk of primary glau-

coma, particularly OAG, compared to TTH. Therefore, mi-

graine may be considered a potential contributing factor 

for OAG. 

It remains unclear whether migraine significantly in-

creases the risk of OAG. Previous studies have demon-

strated that individuals with migraine have a higher risk of 

developing OAG compared to those without migraine.14 In 

one study, the association between OAG and migraine was 

significant only for individuals aged 70-79 years and those 

aged <50 years with no comorbidities.16,17 Conversely, other 

studies have revealed that migraine does not increase the 

risk of OAG15,18,19 or CAG.15 Furthermore, in another study, 

no significant association was found between migraine 

and OAG after adjusting for confounding variables.19 

Our retrospective study demonstrated a significantly 

higher prevalence of glaucoma in migraine patients than 

controls and TTH patients. Although the comparison with 

the headache-free control group aligns with previous stud-

ies, the comparison between the TTH and migraine groups 

was considered meaningful due to the divergence from 

previous studies. A meta-analysis suggested that migraine 

may significantly increase the risk of developing OAG.20 

However, some cohort studies have failed to confirm this 

association. As a result, it remains unclear whether mi-

graine increases the risk of OAG. 

Glaucoma is characterized by progressive degeneration 

of retinal ganglion cells and optic nerve axons. Based on 

pathophysiological and anatomical features, glaucoma 

is categorized into OAG and CAG. The pathogenesis of 

glaucoma involves factors such as oxidative stress, exci-

totoxicity, altered immunity, and impaired microcircula-

tion.21 Although the exact pathophysiology of migraine is 

unclear, it is associated with neurovascular dysfunction 

resulting from vascular changes, impaired hypoperfusion, 

and microembolism.22 Several epidemiological studies 

have demonstrated the role of vascular risk factors in the 

pathogenesis and progression of glaucomatous optic neu-

ropathy.11,16,23-27 A pooled analysis of the associations be-

tween systemic vascular risk factors and OAG revealed that 

hypertension is the most significant risk factor for OAG. 

However, the relationships between OAG, type 2 diabetes 

mellitus, and migraine require further evaluation.11 

In the present study, patients with TTH had a higher 

risk of CAG compared to controls. Furthermore, migraine 

was associated with primary glaucoma, particular OAG, 

compared to TTH. A population-based retrospective co-

hort study based on the Taiwan Health Insurance Data-

base revealed that headaches were associated with a 1.13-

fold higher risk of CAG; however, there was no significant 

association between migraine and CAG.12 Patients with 

CAG can experience headache due to increased intraoc-

ular pressure, which may lead to a diagnosis of CAG. CAG 

should be considered among individuals older than 40 

years with late-onset headaches.28,29 TTH is the most com-

mon type of primary headache and has non-characteristic 

features, which may explain the high prevalence of CAG in 

patients with TTH. Further studies are needed to explore 

the associations between primary headaches other than 

migraine and glaucoma. 

Our study had several limitations. First, the retrospective 

collection of clinical data from individuals presenting to 

a university medical center with five affiliated hospitals 

may limit the generalizability of our results. Therefore, we 

cannot establish a causal relationship, and the possibility 

of an inverse correlation cannot be ruled out. Second, we 

did not account for potential sources of selection bias and 

confounding variables. Third, our retrospective design did 

not allow for the collection of clinical data on headache 

Table 6. ORs for primary glaucoma between migraine and TTH patients
OR (95% CI)

OAG CAG OG TG
UA 1.66* (1.21–2.28) 1.10 (0.61–1.98) 1.15 (0.88–1.50) 1.36* (1.11–1.66)
AVA 1.72 (1.25–2.37) 1.12 (0.62–2.02) 1.19 (0.91–1.55) 1.40* (1.14–1.73)
AVPA 1.71* (1.24–2.36) 1.12 (0.62–2.03) 1.19 (0.91–1.56) 1.41* (1.15–1.73)

*Asterisk indicates a statistically significant (p<0.004).
OR, odds ratio; TTH, tension-type headache; CI, confidence interval; UA, unadjusted; AVA, all variables adjusted; AVPA, all variables plus propensity score 
adjusted; OAG, open-angle glaucoma; CAG, closed-angle glaucoma; OG, other glaucoma; TG, total glaucoma.
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characteristics (e.g., frequency) or medication history (e.g., 

triptan use). In addition, the diagnoses of glaucoma, and 

other comorbid diseases were determined based on the 

ICD codes recorded in the CDW database. Thus, detailed 

clinical information regarding glaucoma was not collected. 

Future prospective, population-based studies are needed 

to investigate the association between primary headaches 

and glaucoma. 

In conclusion, our analysis of CDW database data re-

vealed a significant association between migraine and 

OAG, whereas TTH was significantly associated with CAG, 

compared to controls without headache. Moreover, a sig-

nificant association was observed between migraine and 

primary glaucoma, particularly OAG, compared to TTH. 

Future prospective studies are needed to fully investigate 

the associations of glaucoma with migraine and TTH. 

AVAILABILITY OF DATA AND MATERIAL 

The data presented in this study are available upon rea-

sonable request from the corresponding author.

AUTHOR CONTRIBUTIONS 

Conceptualization: SHL, JHS; Data curation: JHK, YSK; 

Formal analysis: JHK; Investigation: JHK, JHS; Methodol-

ogy: JHK, JHS; Software: JHK, JHS; Validation: JHK, JHS; 

Writing–original draft: JHK, JHS; Writing–review and edit-

ing: all authors.

All authors have read and agreed to the published ver-

sion of the manuscript. 

CONFLICT OF INTEREST 

Jong-Hee Sohn is the Editor of Headache and Pain Re-

search and was not involved in the review process of this 

article. All authors have no other conflicts of interest to de-

clare.

FUNDING STATEMENT 

This research was supported by “Physician scientist train-

ing and future medical technology implementation for 

solving clinical challenges in nervous system” (RS-2023-

00223501). The role of funding was in the design of the 

study and collection, analysis, and interpretation of data. 

No other financial relationships relevant to this publica-

tion were disclosed. 

ACKNOWLEDGMENTS 

Not applicable. 

REFERENCES 

1.	Tietjen EG. Migraine and ischaemic heart disease and stroke: 

potential mechanisms and treatment implications. Cephalalgia 

2007;27:981-987. 

2.	Pietrobon D, Moskowitz MA. Pathophysiology of migraine. 

Annu Rev Physiol 2013;75:365-391. 

3.	Larrosa-Campo D, Ramón-Carbajo C, Para-Prieto M, Calle-

ja-Puerta S, Cernuda-Morollón E, Pascual J. Migraine as a vas-

cular risk factor. Rev Neurol 2012;55:349-358. Spanish. 

4.	Bigal ME, Kurth T, Hu H, Santanello N, Lipton RB. Migraine and 

cardiovascular disease: possible mechanisms of interaction. 

Neurology 2009;72:1864-1871. 

5.	Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global 

prevalence of glaucoma and projections of glaucoma burden 

through 2040: a systematic review and meta-analysis. Ophthal-

mology 2014;121:2081-2090. 

6.	Resnikoff S, Pascolini D, Etya’ale D, et al. Global data on vi-

sual impairment in the year 2002. Bull World Health Organ 

2004;82:844-851. 

7.	Chen HY, Chang YC, Wang IJ, Chen WC. Comparison of glau-

coma diagnoses using Stratus and Cirrus optical coherence to-

mography in different glaucoma types in a Chinese population. 

J Glaucoma 2013;22:638-646. 

8.	Chen HY, Chang YC, Chen WC, Lane HY. Association between 

plasma endothelin-1 and severity of different types of glauco-

ma. J Glaucoma 2013;22:117-122. 

9.	Bonomi L, Marchini G, Marraffa M, Bernardi P, Morbio R, 

Varotto A. Vascular risk factors for primary open angle glauco-

ma: the Egna-Neumarkt Study. Ophthalmology 2000;107:1287-

1293. 

10.	 Kim C, Kim TW. Comparison of risk factors for bilateral and 

unilateral eye involvement in normal-tension glaucoma. Invest 

Ophthalmol Vis Sci 2009;50:1215-1220. 

11.	 Yanagi M, Kawasaki R, Wang JJ, Wong TY, Crowston J, Kiuchi Y. 

Vascular risk factors in glaucoma: a review. Clin Exp Ophthal-

mol 2011;39:252-258. 

Kim et al.  Glaucoma and Headache

61www.e-hpr.org

https://doi.org/10.1111/j.1468-2982.2007.01407.x
https://doi.org/10.1111/j.1468-2982.2007.01407.x
https://doi.org/10.1111/j.1468-2982.2007.01407.x
https://doi.org/10.1146/annurev-physiol-030212-183717
https://doi.org/10.1146/annurev-physiol-030212-183717
https://doi.org/10.33588/rn.5506.2012194
https://doi.org/10.33588/rn.5506.2012194
https://doi.org/10.33588/rn.5506.2012194
https://doi.org/10.1212/wnl.0b013e3181a71220
https://doi.org/10.1212/wnl.0b013e3181a71220
https://doi.org/10.1212/wnl.0b013e3181a71220
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/j.ophtha.2014.05.013
https://www.ncbi.nlm.nih.gov/pubmed/15640920
https://www.ncbi.nlm.nih.gov/pubmed/15640920
https://www.ncbi.nlm.nih.gov/pubmed/15640920
https://doi.org/10.1097/ijg.0b013e3182594f42
https://doi.org/10.1097/ijg.0b013e3182594f42
https://doi.org/10.1097/ijg.0b013e3182594f42
https://doi.org/10.1097/ijg.0b013e3182594f42
https://doi.org/10.1097/ijg.0b013e31822e8c65
https://doi.org/10.1097/ijg.0b013e31822e8c65
https://doi.org/10.1097/ijg.0b013e31822e8c65
https://doi.org/10.1016/s0161-6420(00)00138-x
https://doi.org/10.1016/s0161-6420(00)00138-x
https://doi.org/10.1016/s0161-6420(00)00138-x
https://doi.org/10.1016/s0161-6420(00)00138-x
https://doi.org/10.1167/iovs.08-1886
https://doi.org/10.1167/iovs.08-1886
https://doi.org/10.1167/iovs.08-1886
https://doi.org/10.1111/j.1442-9071.2010.02455.x
https://doi.org/10.1111/j.1442-9071.2010.02455.x
https://doi.org/10.1111/j.1442-9071.2010.02455.x


62 www.e-hpr.org

Headache Pain Res 2024;25(1):54-62

12.	 Chen HY, Lin CL. Comparison of medical comorbidity between 

patients with primary angle-closure glaucoma and a control 

cohort: a population-based study from Taiwan. BMJ Open 

2019;9:e024209. 

13.	 Ohn K, Han K, Moon JI, Jung Y. Presence and severity of mi-

graine is associated with development of primary open angle 

glaucoma: a population-based longitudinal cohort study. PLoS 

One 2023;18:e0283495. 

14.	 Huang JY, Su CC, Wang TH, Tsai IJ. Migraine and increased risk 

of developing open angle glaucoma: a population-based cohort 

study. BMC Ophthalmol 2019;19:50. 

15.	 Chen HY, Lin CL, Kao CH. Does migraine increase the risk of 

glaucoma?: a population-based cohort study. Medicine (Balti-

more) 2016;95:e3670. 

16.	 Wang JJ, Mitchell P, Smith W. Is there an association between 

migraine headache and open-angle glaucoma? Findings from 

the Blue Mountains Eye Study. Ophthalmology 1997;104:1714-

1719. 

17.	 Lin HC, Chien CW, Hu CC, Ho JD. Comparison of comorbid 

conditions between open-angle glaucoma patients and a con-

trol cohort: a case-control study. Ophthalmology 2010;117:2088-

2095. 

18.	 Lin HC, Kang JH, Jiang YD, Ho JD. Hypothyroidism and the 

risk of developing open-angle glaucoma: a five-year popula-

tion-based follow-up study. Ophthalmology 2010;117:1960-

1966. 

19.	 Landers J, Goldberg I, Graham SL. Analysis of risk factors that 

may be associated with progression from ocular hyperten-

sion to primary open angle glaucoma. Clin Exp Ophthalmol 

2002;30:242-247. 

20.	 Xu C, Li J, Li Z, Mao X. Migraine as a risk factor for primary open 

angle glaucoma: a systematic review and meta-analysis. Medi-

cine (Baltimore) 2018;97:e11377. 

21.	 Weinreb RN, Aung T, Medeiros FA. The pathophysiology and 

treatment of glaucoma: a review. JAMA 2014;311:1901-1911. 

22.	 Dalkara T, Nozari A, Moskowitz MA. Migraine aura pathophys-

iology: the role of blood vessels and microembolisation. Lancet 

Neurol 2010;9:309-317. 

23.	 Harris A, Harris M, Biller J, et al. Aging affects the retrobulbar 

circulation differently in women and men. Arch Ophthalmol 

2000;118:1076-1080. 

24.	 Flammer J, Pache M, Resink T. Vasospasm, its role in the patho-

genesis of diseases with particular reference to the eye. Prog 

Retin Eye Res 2001;20:319-349. 

25.	 Pache M, Flammer J. A sick eye in a sick body? Systemic findings 

in patients with primary open-angle glaucoma. Surv Ophthal-

mol 2006;51:179-212. 

26.	 Werne A, Harris A, Moore D, BenZion I, Siesky B. The circadian 

variations in systemic blood pressure, ocular perfusion pres-

sure, and ocular blood flow: risk factors for glaucoma? Surv 

Ophthalmol 2008;53:559-567. 

27.	 Costa VP, Harris A, Anderson D, et al. Ocular perfusion pressure 

in glaucoma. Acta Ophthalmol 2014;92:e252-e266. 

28.	 Nesher R, Mimouni MD, Khoury S, Nesher G, Segal O. Delayed 

diagnosis of subacute angle closure glaucoma in patients pre-

senting with headaches. Acta Neurol Belg 2014;114:269-272. 

29.	 Nesher R, Epstein E, Stern Y, Assia E, Nesher G. Headaches as 

the main presenting symptom of subacute angle closure glau-

coma. Headache 2005;45:172-176.  

https://doi.org/10.1136/bmjopen-2018-024209
https://doi.org/10.1136/bmjopen-2018-024209
https://doi.org/10.1136/bmjopen-2018-024209
https://doi.org/10.1371/journal.pone.0283495
https://doi.org/10.1371/journal.pone.0283495
https://doi.org/10.1371/journal.pone.0283495
https://doi.org/10.1371/journal.pone.0283495
https://doi.org/10.1186/s12886-019-1062-9
https://doi.org/10.1186/s12886-019-1062-9
https://doi.org/10.1186/s12886-019-1062-9
https://doi.org/10.1097/md.0000000000003670
https://doi.org/10.1097/md.0000000000003670
https://doi.org/10.1097/md.0000000000003670
https://doi.org/10.1016/s0161-6420(97)30075-x
https://doi.org/10.1016/s0161-6420(97)30075-x
https://doi.org/10.1016/s0161-6420(97)30075-x
https://doi.org/10.1016/s0161-6420(97)30075-x
https://doi.org/10.1016/j.ophtha.2010.03.003
https://doi.org/10.1016/j.ophtha.2010.03.003
https://doi.org/10.1016/j.ophtha.2010.03.003
https://doi.org/10.1016/j.ophtha.2010.03.003
https://doi.org/10.1016/j.ophtha.2010.02.005
https://doi.org/10.1016/j.ophtha.2010.02.005
https://doi.org/10.1016/j.ophtha.2010.02.005
https://doi.org/10.1016/j.ophtha.2010.02.005
https://doi.org/10.1046/j.1442-9071.2002.00528.x
https://doi.org/10.1046/j.1442-9071.2002.00528.x
https://doi.org/10.1046/j.1442-9071.2002.00528.x
https://doi.org/10.1046/j.1442-9071.2002.00528.x
https://doi.org/10.1097/md.0000000000011377
https://doi.org/10.1097/md.0000000000011377
https://doi.org/10.1097/md.0000000000011377
https://doi.org/10.1001/jama.2014.3192
https://doi.org/10.1001/jama.2014.3192
https://doi.org/10.1016/s1474-4422(09)70358-8
https://doi.org/10.1016/s1474-4422(09)70358-8
https://doi.org/10.1016/s1474-4422(09)70358-8
https://doi.org/10.1001/archopht.118.8.1076
https://doi.org/10.1001/archopht.118.8.1076
https://doi.org/10.1001/archopht.118.8.1076
https://doi.org/10.1016/s1350-9462(00)00028-8
https://doi.org/10.1016/s1350-9462(00)00028-8
https://doi.org/10.1016/s1350-9462(00)00028-8
https://doi.org/10.1016/j.survophthal.2006.02.008
https://doi.org/10.1016/j.survophthal.2006.02.008
https://doi.org/10.1016/j.survophthal.2006.02.008
https://doi.org/10.1016/j.survophthal.2008.08.021
https://doi.org/10.1016/j.survophthal.2008.08.021
https://doi.org/10.1016/j.survophthal.2008.08.021
https://doi.org/10.1016/j.survophthal.2008.08.021
https://doi.org/10.1111/aos.12298
https://doi.org/10.1111/aos.12298
https://doi.org/10.1007/s13760-014-0290-2
https://doi.org/10.1007/s13760-014-0290-2
https://doi.org/10.1007/s13760-014-0290-2
https://doi.org/10.1111/j.1526-4610.2005.05034_4.x
https://doi.org/10.1111/j.1526-4610.2005.05034_4.x
https://doi.org/10.1111/j.1526-4610.2005.05034_4.x

	INTRODUCTION 
	MATERIALS AND METHODS 
	1. Ethics approval and consent to participate 
	2. Study participants 
	3. Migraine, tension-type headache, glaucoma, and covariates 
	4. Statistical analysis 

	RESULTS 
	1. Participant characteristics 
	2. Primary glaucoma in patients with migraine and controls 
	3. Primary glaucoma in patients with tension-type headache and controls  
	4. Differences in primary glaucoma between patients with migraine and tension-type headache 

	DISCUSSION 
	Availability of data and material 
	Author contributions 
	Conflict of interest 
	Funding statement 
	Acknowledgments 
	REFERENCES 

