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Abstract

Background: OnabotulinumtoxinA and calcitonin gene-related peptide (CGRP) monoclo-
nal antibodies are widely used for chronic migraine prevention, but comparative real-
world evidence on healthcare utilization remains limited. This study aimed to compare
the association of onabotulinumtoxinA versus CGRP monoclonal antibodies with acute
triptan prescription and migraine-related return visits in patients with chronic migraine.
Methods: We conducted a retrospective cohort study using the TriNetX global federated
electronic health record database from 2018 to 2024. Adults with chronic migraine who
initiated onabotulinumtoxinA or a CGRP monoclonal antibody were matched 1:1 by pro-
pensity score. The primary outcomes were time to acute triptan prescription and time to
first migraine-related return visit during follow-up. Results: After propensity score
matching, 10,140 patients were included in each treatment group. OnabotulinumtoxinA
was associated with a lower hazard of acute triptan prescription than CGRP monoclonal
antibodies (hazard ratio 0.513, 95% confidence interval 0.481-0.546; p < 0.001), whereas
migraine-related return visits were similar between groups (hazard ratio 1.008, 95% con-
fidence interval 0.977-1.039; p = 0.69). Conclusions: In this multicenter real-world analy-
sis, onabotulinumtoxinA was associated with a lower hazard of acute triptan prescription
than CGRP monoclonal antibodies, while migraine-related return visits were comparable.
These findings reflect treatment-related healthcare utilization patterns in routine practice
and should be interpreted considering the limitations of retrospective electronic health
record data.
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1. Introduction

Chronic migraine is a disabling neurological disorder that imposes substantial indi-
vidual, social, and healthcare burdens worldwide, with adverse effects on daily function-
ing, quality of life, work productivity, and healthcare utilization [1]. Preventive therapy is
therefore a central component of long-term management, particularly in patients with fre-
quent headache days, medication overuse, or repeated healthcare visits.

Among currently available preventive options, onabotulinumtoxinA and calcitonin
gene-related peptide (CGRP) monoclonal antibodies are widely used for patients with
chronic migraine who require more intensive preventive treatment [2,3]. Although both
strategies are supported by real-world and clinical evidence [4-6], they differ in route of
administration, treatment schedule, biological target, and potentially in the way treatment
response is reflected in routine practice. OnabotulinumtoxinA is generally administered
as clinician-delivered injections at regular intervals, whereas CGRP monoclonal antibod-
ies are used as targeted mechanism-based therapies with different dosing schedules and
drug-specific pharmacologic profiles [7-10].

Mechanistically, onabotulinumtoxinA is believed to reduce migraine activity by in-
hibiting the release of neurotransmitters and neuropeptides involved in peripheral sensi-
tization and subsequent central pain processing, whereas CGRP monoclonal antibodies
act by blocking the CGRP pathway, a key mediator in migraine pathophysiology
[8,9,11,12]. Because these treatments act through distinct biological mechanisms and are
delivered under different clinical circumstances, comparative evaluation in real-world
settings is clinically relevant.

Previous observational studies have shown that anti-CGRP therapies and onabotuli-
numtoxinA can both improve migraine-related outcomes, including headache burden,
treatment tolerability, and disability measures [4-7]. However, much of the existing liter-
ature has focused on symptom-centered outcomes, such as monthly migraine days, head-
ache intensity, or patient-reported disability, while less attention has been paid to
healthcare utilization outcomes that may better capture treatment patterns in routine care.
In real-world databases, outcomes such as acute medication prescribing and return visits
may serve as pragmatic indicators of disease control, treatment need, or follow-up inten-
sity when detailed bedside clinical data are unavailable.

Direct head-to-head comparative evidence between onabotulinumtoxinA and CGRP
monoclonal antibodies also remains limited, particularly in large multinational electronic
health record datasets. In addition, important practical questions remain regarding
whether one strategy is associated with lower acute medication use or different patterns
of recurrent healthcare contact after treatment initiation. These questions are relevant to
clinicians, patients, and health systems because treatment selection in chronic migraine
often depends not only on efficacy, but also on comorbidity profile, access, reimburse-
ment, follow-up structure, and anticipated healthcare utilization.

To address this gap, the present study used the TriNetX global federated electronic
health record network to compare chronic migraine patients who initiated onabotuli-
numtoxinA with those who initiated a CGRP monoclonal antibody. After propensity score
matching, the study evaluated two pragmatic time-to-event outcomes: acute triptan pre-
scription and first migraine-related return visit during follow-up. Because TriNetX is
based on routinely collected coded clinical data, the aim was not to assess detailed injec-
tion practice, headache-day frequency, or patient-reported symptom severity but rather

https://doi.org/10.3390/jcm15134963


https://doi.org/10.3390/jcm15134963

J. Clin. Med. 2026, 15, 4963

3 of 14

to examine treatment-associated healthcare utilization patterns in a large real-world co-
hort [13,14].

2. Methods
2.1. Study Design and Data Collection

This retrospective cohort study was conducted using the TriNetX global research net-
work, a federated platform that aggregates de-identified electronic health record data
from multiple healthcare organizations. The study period extended from January 1, 2018
to December 31, 2024, and analyses were performed within the TriNetX analytics envi-
ronment using the variables and functions available within the platform. The study was
reported in accordance with the STROBE statement for observational studies.

The study was approved by the Taipei Medical University Joint Institutional Review
Board (TMU-JIRB No. N202512042; approval date: 13 December 2025). The TriNetX query
and analyses were conducted after IRB approval, and the data available for analysis were
limited to records from 1 January 2018 to 31 December 2024. All data used in this study
were de-identified before analysis, and the requirement for informed consent was waived
because of the retrospective design and the use of de-identified records. TriNetX data are
structured to comply with privacy requirements, and small cell counts are masked to re-
duce re-identification risk.

2.2. Study Population

Eligible patients were adults aged 18 years or older with chronic migraines identified
by the corresponding ICD-10 diagnostic codes available in TriNetX (G43, G43.7, G43.70,
and G43.709). Because TriNetX captures diagnoses through coded electronic health rec-
ords (EHR)-based data, migraine subtypes such as aura status, status migrainosus, and
intractability were identified only when explicitly coded and were otherwise not further
subclassified. Patients were assigned to the onabotulinumtoxinA cohort or the CGRP
monoclonal antibody cohort (erenumab, fremanezumab, galcanezumab, or eptinezumab)
according to the first recorded treatment exposure during the study period. The index
date was defined as the date of the first eligible treatment record. To reduce exposure
overlap, patients who received both therapies within one month before or after the index
date were excluded.

TriNetX is a federated platform that aggregates real-time electronic health records
from multiple healthcare organizations. Missing values are retained in their original form
without imputation or deletion [13]. In our analysis, follow-up was operationalized as the
period from the index date to the patient’s last recorded clinical encounter in TriNetX,
which served as the end of observable data availability [15]. All data were de-identified
in accordance with Health Insurance Portability and Accountability Act (HIPAA) and the
General Data Protection Regulation (GDPR) standards, and cell counts fewer than 10 were
masked to protect patient privacy [16].

2.3. Exposure Definitions

Exposure was defined using treatment records in TriNetX. The onabotulinumtoxinA
cohort was identified using the RxNorm code reported in the manuscript, and the CGRP
monoclonal antibody cohort was defined using the corresponding RxNorm identifiers for
the included anti-CGRP agents. Because TriNetX is an EHR-based platform, exposure as-
certainment reflects recorded treatment documentation rather than protocolized trial ad-
ministration. Detailed clinical information such as injection pattern, dose escalation, ad-
herence, persistence, switching beyond the predefined window, and physician-specific
delivery technique were not available for analysis.
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2.4. Outcomes

The study evaluated two primary time-to-event outcomes during follow-up: time to
acute triptan prescription and time to first migraine-related return visit. These endpoints
were selected as pragmatic healthcare utilization proxies rather than direct symptom-
based efficacy measures because patient-reported outcomes and detailed headache met-
rics are not available in TriNetX.

Time to acute triptan prescription was defined as the interval from the index date to
the first post-index prescription record for any triptan included in the database query,
including sumatriptan, zolmitriptan, rizatriptan, naratriptan, eletriptan, almotriptan, and
frovatriptan. This outcome was interpreted as a proxy for breakthrough acute medication
need rather than a direct measure of total triptan consumption, as TriNetX does not pro-
vide information on dose, days of supply, refill quantity, or cumulative use.

Migraine-related return visit was defined as the first post-index outpatient, emer-
gency department, or inpatient encounter carrying a migraine-related ICD-10 diagnosis
code (G43. *). Because some follow-up encounters may reflect planned monitoring rather
than spontaneous symptom worsening, especially in patients treated with onabotuli-
numtoxinA at regular intervals, this endpoint was interpreted as treatment-related
healthcare utilization rather than a pure indicator of disease recurrence.

2.5. Covariates and Matching

To reduce measured baseline imbalance between treatment groups, the analysis in-
corporated a broad set of covariates available in TriNetX. These included demographic
factors such as age, sex, and race; lifestyle-related variables including nicotine depend-
ence, tobacco use, and alcohol-related disorders; comorbidities such as hypertension, di-
abetes, sleep disorders, depression, and anxiety; prior healthcare utilization measures;
concurrent medication use; and available laboratory values including C-reactive protein,
hemoglobin, and estimated glomerular filtration rate.

Propensity score matching was performed in a 1:1 ratio using nearest-neighbor
matching without replacement. Covariate balance after matching was assessed using
standardized mean differences, with values below 0.1 considered indicative of acceptable
balance. This matching strategy was intended to improve comparability between patients
initiating onabotulinumtoxinA and those initiating a CGRP monoclonal antibody, while
recognizing that residual confounding from unmeasured clinical factors may remain.

2.6. Statistical Analysis

Baseline characteristics were summarized before and after matching as appropriate
for the TriNetX platform output. Time-to-event analyses were performed using Kaplan—
Meier methods, with between-group comparisons assessed by log-rank testing. Cox pro-
portional hazards regression was used to estimate hazard ratios and 95% confidence in-
tervals for the outcomes of interest. A two-sided p-value below 0.05 was considered sta-
tistically significant.

Follow-up was defined from the index date until the last recorded clinical encounter
in TriNetX, which represented the end of observable data availability for each patient. As
a result, the study assessed associations within the captured EHR follow-up period rather
than fixed protocol-driven follow-up intervals.

2.7. Sensitivity and Subgroup Analyses

To assess the robustness of the main findings, a sensitivity analysis broadened the
diagnostic definition to include headache-related ICD-10 code R51. This approach was
intended to test whether the primary findings were materially altered when a wider
symptom-based coding framework was used. Prespecified subgroup analyses further
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explored associations across age, sex, and selected comorbidity strata. These subgroup
analyses were considered exploratory and were interpreted cautiously given the limited
clinical granularity inherent to coded EHR data.

2.8. Ethical Considerations

This study was approved by the Taipei Medical University Joint Institutional Review
Board (TMU-JIRB No. N202512042). The requirement for informed consent was waived
because of the retrospective design and use of fully de-identified data.

3. Results
3.1. Patient Cohort Characteristics

From 2,429,045 patients with migraine, 29,938 met chronic migraine and treatment
eligibility criteria. After 1:1 propensity score matching, the final analytic cohorts included
10,140 patients in each group, with good baseline balance across measured covariates (all
standardized mean differences <0.1; Figure 1 and Table 1).

Table 1. Baseline characteristics of patients with chronic migraine treated with onabotulinumtoxinA
versus CGRP monoclonal antibodies before and after propensity score matching. Data are presented
as mean * standard deviation or number (percentage), as appropriate. Std diff indicates standard-
ized difference between groups; values less than 0.1 denote adequate balance after matching.
PPHH-SPSC, persons with potential health hazards related to socioeconomic and psychosocial cir-
cumstances; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CGRP, calcitonin

gene-related peptide; mAbs, monoclonal antibodies. All variables were included in the propensity

score model using 1:1 nearest-neighbor matching without replacement.

Before Matching After Matching
Botulinum Us- CGRP mAbs Botulinum CGRP mAbs
Std Std
ers Users Diff Users Users Diff
(n=10,567) (n=18,714) (n=10,140) (n=10,140)
Age at index
Mean + SD 50.1 £14.8 459+144 0.2859 495+14.7 493+14.5 0.0154
Gender, 1 (%)
Female 8511 (80.5%) 15,328 (81.9%) 0.0349 8191 (80.8%) 8238 (81.2%) 0.0118
Male 2046 (19.4%) 3373 (18.0%) 0.0343 1941 (19.1%) 1894 (18.7%) 0.0118
Unknown Gender 10 (0.1%) 13 (0.1%) 0.0088 10 (0.1%) 10 (0.1%)  0.0000
Race, 1 (%)
White 8144 (77.1%) 14,581 (77.9%) 0.0202 7836 (77.3%) 7849 (77.4%) 0.0031
Black or African American 755 (7.1%) 1537 (8.2%) 0.0401 737 (7.3%) 771 (7.6%) 0.0128
Asian 180 (1.7%) 263 (14%) 0.0241 168 (1.7%) 160 (1.6%) 0.0063
Other Race 417 (3.9%) 830 (4.4%) 0.0244 409 (4.0%) 421 (4.2%) 0.0060
Unknown Race 978 (9.3%) 1357 (7.3%) 0.0729 901 (8.9%) 857 (8.5%) 0.0154
Medical utilization, 1 (%)
Office or Other Outpatient Services 4769 (45.1%) 5530 (29.6%) 0.3264 4373 (43.1%) 4489 (44.3%) 0.0231
Emergency Department Services 1164 (11.0%) 1908 (10.2%) 0.0266 1118 (11.0%) 1135 (11.2%) 0.0053
Preventive Medicine Services 634 (6.0%) 820 (4.4%) 0.0730 594 (5.9%) 591 (5.8%) 0.0013
Hospital Inpatient and Observation 503 (4.8%) 651 (35%) 0.0645 461 (4.5%) 465 (4.6%) 0.0019
Care Services
Lifestyles, n (%)
Nicotine dependence 496 (4.7%) 787 (4.2%) 0.0237 475(4.7%) 502 (5.0%) 0.0124
Tobacco use 132 (1.2%) 173 (0.9%) 0.0313 119 (1.2%) 128 (1.3%) 0.0081
Alcohol related disorders 102 (1.0%) 137 (0.7%) 0.0254 94 (0.9%) 97 (1.0%)  0.0031

Social economic, 7 (%)
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PPHH-SPSC 92 (0.9%) 137 (0.7%) 0.0155 87(0.9%)  92(0.9%) 0.0053
Comorbidities, n (%)
Hypertensive diseases 2017 (19.1%) 2466 (13.2%) 0.1612 1820 (17.9%) 1844 (18.2%) 0.0062
Other anxiety disorders 1764 (16.7%) 2263 (12.1%) 0.1314 1616 (15.9%) 1616 (15.9%) 0.0000
Disorders of lipoprotein metabolism 503 (1510, 1901 (10.3%) 01450 1430 (14.1%) 1445 (143%) 0.0042
and other lipidemias
Sleep disorders 1527 (14.5%) 1777 (9.5%) 0.1531 1371 (13.5%) 1375 (13.6%) 0.0012
Depressive episode 1377 (13.0%) 1577 (84%) 0.1492 1233 (12.2%) 1198 (11.8%) 0.0106
Overweight and obesity 867 (8.2%) 1403 (7.5%) 0.0263 828 (8.2%) 864 (8.5%) 0.0128
Diabetes mellitus 747 (7.1%) 1164 (62%) 0.0341 723 (7.1%) 729 (72%) 0.0023
Asthma 752 (7.1%) 964 (52%) 0.0820 682(6.7%) 698 (6.9%) 0.0063
Fibromyalgia 621 (5.9%) 631 (34%) 0.1195 541(5.3%) 515(5.1%) 0.0115
Ischemic heart diseases 532 (5.0%) 624 (3.3%) 0.0850 481 (4.7%) 489 (4.8%) 0.0037
Elr?:ses of arteries, arterioles and capil- o) 4 4oy 506 27%) 0.0895 408 (40%) 423 (42%) 0.0075
Cerebral infarction 314 (3.0%)  329(1.8%) 00799 261 (2.6%) 266 (2.6%) 0.0031
Heart failure 206 (1.9%) 243 (1.3%) 0.0515 179 (1.8%) 199 (2.0%) 0.0146
Transient cerebral ischemicattacksand 105 3 o0y 17209%) 00077 102(1.0%) 105 (1.0%) 0.0029
related syndromes
Medication/procedure, n (%)
Psychoanaleptics 4369 (41.3%) 6125 (32.7%) 0.1791 4086 (40.3%) 4191 (41.3%) 0.0211
Psycholeptics 3594 (34.0%) 4582 (24.5%) 0.2106 3301 (32.6%) 3328 (32.8%) 0.0057
Opioids 2505 (23.7%) 3013 (16.1%) 0.1914 2265 (22.3%) 2270 (22.4%) 0.0012
Glucocorticoids 2184 (20.7%) 2634 (14.1%) 0.1747 1973 (19.5%) 1958 (19.3%) 0.0037
Laboratory
Hemoglobin [Mass/volume] in Blood
132+1.67  134+161 00743 132+167 133+16 0.0559

Glomerular filtration rate/1.73 sq M.predicted [Volume Rate/Area] in Serum, Plasma or Blood by Creatinine-based

formula (CKD-EPI)

Erythrocyte sedimentation rate

85.8 £23

18+19

89+£228

17.5+£17.9

C reactive protein [Mass/volume] in Serum, Plasma or Blood

13.1+35.2

11.1+31

0.1394

0.0274

0.0595

86.6 £22.9

18.3+£19.5

13.4 +35.9

86.5+22.5

17.6 £17.7

11.8 +34.3

0.0069

0.0357

0.0453

3.2. Primary Outcomes

OnabotulinumtoxinA was associated with a lower hazard of acute triptan prescrip-
tion than CGRP monoclonal antibodies (HR 0.513, 95% CI 0.481-0.546, p <0.001; Figure 2).
Migraine-related return visits were similar between groups (HR 1.008, 95% CI 0.977-1.039,
p =0.69; Figure 3).
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Migraine patients, age > 20
(2018/01/01-2024/12/31)
(n=2,429,045)

Botulinum after the first CGRP mAbs after the first
Migraine patients Migraine patients
(2018/01/01-2024/12/31) (2018/01/01-2024/12/31)
(n=30,345) (n=39,242)

11,141 Excluded
CGRP mAbs within 1 month before or any
time after any instance of first Migraine pa-

tients.

1499 Excluded
Botulinum within 1 month before or any
time after any instance of first Migraine

Botulinum after the first Migraine pa- CGRP mAbs after the first Migraine pa-
tients tients
(2018/01/01-2024/12/31) (2018/01/01-2024/12/31)
8637 Excluded

Outcome before index date

19,029 Excluded
Outcome before index date

A

Botulinum after the first Migraine patients CGRP mAbs after the first Migraine patients
(2018/01/01-2024/12/31) (2018/01/01-2024/12/31)
(Excluded outcome before index date) (Excluded outcome before index date)
(n=10,567) (n=18,714)

v

\ 4

Propensity score matching 1:1
by Age at Index, gender, race, lifestyle,
comorbidities, medical utilization, medi-

A

cation, laboratory. i
Y

Cohort 1
Botulinum users
(n=10.140)

Cohort 2
CGRP users
(n=10.140)

Figure 1. Flow diagram of cohort selection for patients with chronic migraine treated with onabot-
ulinumtoxinA or CGRP monoclonal antibodies in the TriNetX database. Before matching: Botuli-
num users n = 10,567; CGRP mAbs users n = 18,714. After exclusions and 1:1 propensity score—
matched cohorts, final cohorts n = 10,140 each. Arrows indicate cohort selection and exclusion flow.

CGRP, calcitonin gene-related peptide; mAbs, monoclonal antibodies.
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n of Event /N

Outcome Botulinum users CGRP users HR(95% CI)
Triptans use 1504/10140 2593/10140 b : 0.513(0.481-0.546)
Migraine related 8358/10140 8331/10140 - 1.008(0.977-1.039)
Return Visits T I } I i
04 06 1 16 25
Hazard ratio

Figure 2. Comparative cumulative incidence of acute triptan prescriptions and migraine-related re-
turn visits over the one-year follow-up in patients treated with onabotulinumtoxinA versus CGRP
monoclonal antibodies. Hazard ratios with 95% confidence intervals are shown. The dashed line
indicates the reference value of HR =1, and the symbols represent the hazard ratios with 95% con-
fidence intervals for each outcome. CGRP, calcitonin gene-related peptide; mAbs, monoclonal anti-

bodies; HR, hazard ratio; CI, confidence interval.

100

T 75 e

] e

c . i

@ ’

S -

S y

£ 50 g

@ #

= /

k] g

=] ;

E 25 .

a3 Botulinum users
CGRP mAbs users

0 Log-Rank test, p=0.6913

1 2 3
Years after index date

Figure 3. Kaplan-Meier cumulative risk curves for time to migraine-related return visit in patients

with chronic migraine receiving onabotulinumtoxinA or CGRP monoclonal antibodies. CGRP, cal-

citonin gene-related peptide; mAbs, monoclonal antibodies.

3.3. Sensitivity Analysis

In the expanded cohort including R51.* headache codes, the association with acute
triptan prescription remained consistent (HR 0.437, 95% CI 0.409-0.467). Findings for mi-
graine-related return visits were also consistent with the primary analysis, although the
expanded definition suggested a difference in healthcare utilization (Figures 4-6).

n of Event/ N

Return Visits I I

Outcome Botulinum users CGRP users HR(95% CI)
Triptans use 1335/9979 2633/9979 = : 0.437(0.409-0.467)
Migraine related 6679/9979 7821/9979 - 0.741(0.717-0.766)
\ T \
04 06 1 16 25

Hazard ratio

Figure 4. Incidence of acute triptan prescriptions and migraine-related return visits in the expanded
cohort including patients with headache symptoms (ICD-10 R51), according to preventive treat-
ment with onabotulinumtoxinA or CGRP monoclonal antibodies. The dashed line indicates the ref-
erence value of HR =1, and the symbols represent the hazard ratios with 95% confidence intervals
for each outcome. CGRP, calcitonin gene-related peptide; mAbs, monoclonal antibodies; HR, haz-

ard ratio; CI, confidence interval.
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100
=
c Botulinum users
jqc_:’ CGRP mAbs users
(&}
;C) 50 Log-Rank test, p<0.001
=
kel
=z |l 0 e O —-
€ 25 —————
a e

="

Years after index date

Figure 5. Kaplan-Meier cumulative risk curves for time to acute triptan prescription in the ex-
panded headache cohort (ICD-10 R51). CGRP, calcitonin gene-related peptide; mAbs, monoclonal
antibodies.

100
= e -
o i
S 75 I
] ) I
= — R
S Pl
= P
= 4
£ 50 /"/
o f
= /
° ,»
E /

25{ /) / )
3 ;/ Botulinum users

, CGRP mAbs users
0 v Log-Rank test, p<0.001

1 2 3
Years after index date
Figure 6. Kaplan—-Meier cumulative risk curves for migraine-related return visits in the expanded
headache cohort (ICD-10 R51). CGRP, calcitonin gene-related peptide; mAbs, monoclonal antibod-
ies.

3.4. Subgroup Analyses

The lower hazard of acute triptan prescriptions with onabotulinumtoxinA was con-
sistent across prespecified subgroups, including sex, age, race, smoking status, and major
comorbidity strata (Figure 7). For migraine-related return visits, no overall difference was
observed in the matched cohort, and subgroup patterns were heterogeneous but generally
similar between treatments (Figure 8).

https://doi.org/10.3390/jcm15134963


https://doi.org/10.3390/jcm15134963

J. Clin. Med. 2026, 15, 4963

10 of 14

n of Event /N

Subgroup Botulinum users  CGRP mAbs users  Triptans used HR(95% CI)
Full cohort 1504/10140 2593/10140 L] E 0.513(0.481-0.546)
Sex "
Male 222/1883 395/1883 ——— i 0.491(0.417-0.579)
Female 1271/8179 21858179 gl i 0.517(0,483-0.555)
Age E
20-64 1361/8292 2290/8292 - E 0.53000,495-0.566)
>=65 118/1547 260/1547T  t—e—i i 0.392(0.315-0.488)
Race E
White 1154/7933 2104/7933 b E 0.484(0.450-0.520)
Black or African American 11719 147/719 —— E 0.673(0.525-0.862)
Asian 200136 26/136 —— 0.697(0.389-1.248)
Lifestyle E
Smoking GO/483 B9/483 —— i 0.657(0.478-0.905)
Alcohol related disorders -/68 -168 E
Comorbidity |
Hypertensive diseases 19771785 324/1785 ——— i 0.543(0.455-0.648)
Diabetes mellitus T1/694 110/694 —— , 0.579(0.430-0.781)
0.3 1 33

Hazard ratio

Figure 7. Subgroup analyses of the association between preventive treatment with onabotuli-
numtoxinA versus CGRP monoclonal antibodies and risk of acute triptan prescriptions. Forest plots
display hazard ratios with 95% confidence intervals across strata of age, sex, race, smoking status,
and major comorbidities. The dashed line indicates the reference value of HR =1, and the symbols
represent the hazard ratios with 95% confidence intervals for each outcome. CGRP, calcitonin gene-

related peptide; mAbs, monoclonal antibodies; HR, hazard ratio; CI, confidence interval.
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Smoking 394/483 400/483 f—-—i-' 0.911(0.793-1.048)
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Figure 8. Subgroup analyses of the association between preventive treatment with onabotuli-
numtoxinA versus CGRP monoclonal antibodies and risk of migraine-related return visits. Forest
plots display hazard ratios with 95% confidence intervals across strata of age, sex, race, smoking
status, and major comorbidities. The dashed line indicates the reference value of HR =1, and the
symbols represent the hazard ratios with 95% confidence intervals for each outcome. CGRP, calci-

tonin gene-related peptide; mAbs, monoclonal antibodies; HR, hazard ratio; CI, confidence interval.
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3.5. Summary of Findings

Across matched chronic migraine cohorts, onabotulinumtoxinA was associated with
alower hazard of acute triptan prescription than CGRP monoclonal antibodies, while mi-
graine-related return visit rates were similar. These associations remained directionally
consistent in sensitivity and subgroup analyses.

4. Discussion
4.1. Key Findings

In this multicenter real-world analysis of propensity score-matched patients with
chronic migraine, initiation of onabotulinumtoxinA was associated with a lower hazard
of acute triptan prescription compared with initiation of CGRP monoclonal antibodies,
whereas the hazard of migraine-related return visit was similar between groups. These
findings suggest that the two preventive strategies may differ in treatment-associated
healthcare utilization patterns, even when broad measured baseline characteristics are
balanced. These findings should be interpreted as associations rather than causal treat-
ment effects, because the retrospective EHR-based design cannot fully account for un-
measured clinical factors, treatment selection, or care patterns [13,17].

4.2. Comparison with Previous Studies

Our findings add to prior real-world comparative studies of onabotulinumtoxinA
and anti-CGRP therapies, including the RAMO study and related observational reports,
which suggest that these preventive strategies may differ in clinically relevant ways de-
spite both being effective in chronic migraine management [18-21]. However, much of the
existing literature has focused on symptom-based outcomes, such as headache-day reduc-
tion, disability measures, or patient-reported benefit [19,20,22-25], including the RAMO
study and the combination-therapy report by Blumenfeld et al., whereas the present study
evaluated pragmatic healthcare utilization outcomes that are more readily captured in
TriNetX, including acute triptan prescription and migraine-related return visits.

4.3. Interpretation of Utilization Outcomes

The lower hazard of acute triptan prescription observed in the onabotulinumtoxinA
cohort may reflect lower subsequent acute medication need, but this interpretation re-
mains indirect because TriNetX does not capture total medication consumption, refill be-
havior, or patient-reported symptom severity [13,17]. Accordingly, acute triptan prescrip-
tion should be understood as a proxy for breakthrough acute medication use rather than
a direct measure of clinical efficacy.

Migraine-related return visits also require cautious interpretation. In routine clinical
practice, onabotulinumtoxinA is commonly administered at scheduled intervals, and
some follow-up encounters may therefore reflect planned care rather than spontaneous
symptom-driven utilization. For this reason, the return-visit outcome in this study is bet-
ter interpreted as treatment-linked healthcare utilization than as a pure marker of disease
activity.

4.4. Subgroup Interpretation

Although subgroup analyses suggested possible heterogeneity by age and comorbid-
ity status, these findings should be considered exploratory, as the current dataset does not
provide sufficient clinical granularity to determine whether the patterns reflect true treat-
ment-response differences, underlying disease severity, treatment selection, or follow-up
practices.

https://doi.org/10.3390/jcm15134963


https://doi.org/10.3390/jcm15134963

J. Clin. Med. 2026, 15, 4963

12 of 14

4.5. Strengths and Limitations

The strengths of this multicenter TriNetX analysis (n = 20,280) include a large pro-
pensity score-matched cohort drawn from diverse US healthcare systems and the use of
pragmatic endpoints that complement traditional headache-day metrics from clinical tri-
als by reflecting real-world healthcare utilization.

Despite these strengths, several limitations should be acknowledged. First, because
TriNetX is based on de-identified EHR data, detailed injection information, including in-
jection sites and dose, was unavailable, and the database also does not capture clinician
technique or physician experience, both of which may influence treatment delivery and
outcomes. Second, patient-reported outcomes such as pain severity, headache-day bur-
den, and validated disability measures were not available, and the database does not al-
low precise assessment of total medication consumption, refill behavior, or days of sup-
ply. Third, migraine-related return visits may partly reflect scheduled follow-up care, par-
ticularly in the onabotulinumtoxinA group, which may affect time-to-event interpreta-
tion. Fourth, grouping different CGRP monoclonal antibodies together may have ob-
scured drug-specific differences. Finally, as with any retrospective EHR study, residual
confounding, coding misclassification, and incomplete capture of care delivered outside
participating healthcare systems remain possible.

5. Conclusions

This multicenter TriNetX analysis of propensity score-matched patients found that
onabotulinumtoxinA was associated with a lower hazard of acute triptan prescriptions
than CGRP monoclonal antibodies in chronic migraine, while migraine-related return
visit rates were comparable. These findings should be interpreted as observational asso-
ciations reflecting healthcare utilization patterns rather than direct measures of treatment
efficacy. Further prospective studies are needed to confirm these observations.

Clinical Implications

Real-world associations suggest comorbidity- and age-stratified treatment consider-
ation. Clinicians should weigh acute medication control versus healthcare utilization pat-
terns alongside individual patient characteristics and local reimbursement criteria when
selecting preventive therapies for chronic migraine.
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