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EDUCATION  
 

National Sun Yat-sen University                                                                                                              2018- 
       Department of Information Management 
       Doctor of Philosophy 
Taipei Medical University 2011 
 College of Medicine 

Bachelor of Medical  
National Taiwan University 2004   

Bachelor of Animal science 
Juntendo University Hospital for Internship Training, Tokyo, Japan 2011 

§ The program modules were in cardiovascular and gastrointestinal medicine. 
Utrecht University for ExploreDTI workshop, Utrecht, Netherland 2018 

§ The major component of the program was analysis of neuroimaging by ExploreDTI. 
Honors and Distinctions 

§ Dean’s list Award                                                                                                                                                               2004 
§ Dean’s list Award; Academic Excellence Award for pathology                                                                                           2009 
§ Taiwan Neurology Society Best Poster Award 2017 

                

WORK EXPERIENCE 
 

Kaohsiung Chang Gung Memorial Hospital, Department of Neurology 
      Attending physician                                                                                                                                                          2018-  
      Resident doctor                                                                                                                                                                 2011-18  

§ Perform clinical medical practice on general neurology, including neurology examinations, neuroemergency, hospitalized 
patient care, and outpatient department 

§ Data collection, analysis, and grant and manuscript writing on neurologic infection disease and neurodegenerative diseases 
§ Attend clinical trials in neurodegenerative diseases 
 

National Taiwan University Veterinary Hospital                                  
Assistant 2002-04           z                           September 2005-Present 
§ Worked extensively on clinical practice of veterinary 

                

TEACHING EXPERIENCE 
 

Taiwan Dementia Society 
 Speaker 2018- 

§ Continue education for physicians 
 
\                

SKILLS AND ACTIVITIES 
Headache management 
Dementia research 
Neuroimaging 2016 - present 

§ Analysis of multimodality of neuroimaging by DKE, ExploreDTI, TBSS, SPM, and CAT 
                

RELEVANT PUBLICATIONS AND PRESENTATIONS 
 

Publications 
§ Jun-Jun Lee, Wen-Neng Chang, Jung-Lung Hsu, Chi-Wei Huang, Ya-Ting Chang, Shih-Wei Hsu, Shu-Hua Huang, Chen-

Chang Lee, Chia-Yi Lien, Chiung-Chih Chang. "Diffusion Kurtosis Imaging as a Neuroimaging Biomarker in Patients with 
Carbon Monoxide Intoxication." Neurotoxicology (2018) Sep 68:38-46 



 

§ Jun-Jun Lee, Tsai Meng-Han, Lien Chia-Yi, Huang Yu-Ju, Wen-Neng Chang. "Intra-family phenotype variations in familial 
neuromyelitis optica spectrum disorders." Multiple sclerosis and related disorder (2019) Feb 4;30:57-62 

§ Jun-Jun Lee(co-first author), Chia-Yi Lien, Chun-Chih Chien, Chi-Ren Huang, Nai-Wen Tsai, Chiung-Chih Chang, 
Cheng-Hsien Lu, and Wen-Neng Chang. "Anaerobic Bacterial Meningitis in Adults." Journal of Clinical Neuroscience 50 
(2018): 45-50. 

§ Chia-Yi Lien, Jun-Jun Lee (co-first author), Chun-Chih Chien, Chi-Ren Huang, Cheng-Hsien Lu, and Wen-Neng Chang. 
"Clinical Characteristics of Citrobacter Meningitis in Adults: High Incidence in Patients with a Postneurosurgical State and 
Strains Not Susceptible to Third-Generation Cephalosporins." Journal of Clinical Neuroscience  (2018):83-87 

§ Jun-Jun Lee, Chia-Yi Lien, Chi-Ren Huang, Nai-Wen Tsai, Chiung-Chih Chang, Cheng-Hsien Lu, Wen-Neng Chang. 
“Clinical Characteristics and Therapeutic Outcomes of Postneurosurgical Bacterial Meningitis in Elderly Patients over 65: 
A Hospital-based Study.” Acta Neurol Taiwan (2017); 26:144-153 

§ Hua-Tsen Hsiao, Jun-Jun Lee, Hsiu-Hui Chen, Ming-Kung Wu, Chi-Wei Huang, Ya-Ting Chang, Chia-Yi Lien, Jing-Jy 
Wang, Hsin-I Chang, Chiung-Chih Chang. “Adequacy of nutrition and body weight in patients with early stage dementia: 
The cognition and aging study.”Clinical Nutrition (2018)  

§ Chia-Wei Lee, Jun-Jun Lee, Yen-Feng Lee, Pei-Wen Wang, Tai-Long Pan, Wen-Neng Chang, Meng-Han Tsai.“Clinical 
and molecular genetic features of cerebrotendinous xanthomatosis in Taiwan: Report of a novel CYP27A1 mutation and 
literature review.” Journal of Clinical Lipidology, Nov-Dec 2019;13(6): 954-959.e1. 

§ Yu-Ju Huang, Jun-Jun Lee, Wen-Lan Fan, Che-Wei Hsu, Nai-Wen Tsai, Cheng-Hsien Lu, Wen-Neng Chang, Meng-Han 
Tsai. “A CD33 frameshift variant is associated with neuromyelitis optica spectrum disorders.” Biomedical Journal 
https://doi.org/10.1016/j.bj.2020.07.007 

§ Chia-Yi Lien , Jun-Jun Lee , Wan-Chen Tsai , Shih-Ying Chen , Chi-Ren Huang , Chun-Chih Chien , Cheng-Hsien Lu , 
Wen-Neng Chang.

 
“The clinical characteristics of spontaneous Gram-negative bacterial meningitis in adults: A hospital-

based study.” Journal of Clinical Neuroscience 64 (2019) 101–105 
§ Shih-Ying Chen, Jun-Jun Lee, Chun-Chih Chien, Wan-Chen Tsai, Cheng-Hsien Lu, Wen-Neng Chang, Chia-Yi Lien. 

“High incidence of severe neurological manifestations and high mortality rate for adult Listeria monocytogenes meningitis 
in Taiwan.” Journal of Clinical Neuroscience 71 (2020) 177–185 

§ Wan-Chen Tsai, Chia-Yi Lien, Jun-Jun Lee, Wei-Che Lin, Che-Wei Hsu, Chi-Ren Huang, Nai-Wen Tsai, et al. "The 
Prognostic Factors of Hiv-Negative Adult Cryptococcal Meningitis with a Focus on Cranial Mri-Based Neuroimaging 
Findings." Journal of Clinical Neuroscience  (2018) Jul 2. Sep; 55:57-61 

§ Wan-Chen Tsai, Chia-Yi Lien, Jun-Jun Lee, Chi-Ren Huang, Nai-Wen Tsai, Chiung-Chih Chang, Cheng-Hsien Lu, Wen-
Neng Chang. “The clinical characteristics of adult cryptococcal meningitis patients who died within one year of treatment 
with a focus on those with early mortality/” Journal of Clinical Neuroscience(2019) Sep;67:80-84. 

§ Ya Ting Chang, Cheng-Hsien Lu, Ming-Kung Wu, Shih-Wei Hsu, Chi-Wei Huang, Wen-Neng Chang, Chia-Yi Lien, Jun-
Jun Lee, and Chiung-Chih Chang. "Salience Network and Depressive Severities in Parkinson’s Disease with Mild 
Cognitive Impairment: A Structural Covariance Network Analysis." Frontiers in aging neuroscience 9 (2017): 417. 

§ Ya-Ting Chang, Chi-Wei Huang, Shu-Hua Huang, Shih-Wei Hsu, Wen-Neng Chang, Jun-Jun Lee, and Chiung-Chih Chang. 
"Genetic Interaction Is Associated with Lower Metabolic Connectivity and Memory Impairment in Clinically Mild 
Alzheimer’s Disease." Genes, Brain and Behavior  (2018): e12490. 

§ Ya-Ting Chang, Chi-Wei Huang, Wen-Neng Chang, Jun-Jun Lee, Chiung-Chih Chang. "Altered Functional Network 
Affects Amyloid and Structural Covariance in Alzheimer’s Disease. " BioMed research international (2018) Dec 2 

§ Ya-Ting Chang, Etsuro Mori, Maki Suzuki, Manabu Ikeda, Chi-Wei Huang, Jun-Jun Lee, Wen-Neng Chang, Chiung-Chih 
Chang. "APOE-MS4A genetic interactions are associated with executive dysfunction and network abnormality in clinically 
mild Alzheimer's disease." Neuroimage Clinical. 2019;21:101621 

§ Ya-Ting Chang, Shih-Wei Hsu, Shu-Hua Huang, Chi-Wei Huang, Wen-Neng Chang, Chia-Yi Lien, Jun-Jun Lee, Chen-
Chang Lee, Chiung-Chih Chang. “ABCA7 polymorphisms correlate with memory impairment and default mode network in 
patients with APOEε4-associated Alzheimer’s disease.” Alzheimer's Research & Therapy volume 11, 
Article number: 103 (2019) 

Poster Presentations 
§ “Clinical characteristics and therapeutic outcomes of postneurosurgical bacterial meningitis in elderly patients over 65: A 

hospital-based study” Jun-Jun Lee, J Infect Dis Ther 2018, Volume 6 DOI: 10.4172/2332-0877-C1-039 
§ “Clinical significance of diffusion kurtosis imaging in patients with carbon monoxide intoxication – A comparison with 

diffusion tensor imaging of changes in white matter” Jun-Jun Lee, Wen-Neng Chang, Jung-Lung Hsu, Chung-Chih 
Chang, Taiwan Neurology Society 2018 

§ “TAU AND AMYLOID BURDEN IN EARLY ONSET ALZHEIMER’S DISEASE: A CASE REPORT” Sz-Fan Chen, 
Chiung-Chih Chang, Jung-Lung Hsu, Jun-Jun Lee, Taiwan Neurology Society 2018 

§ “Heterogeneity in the initial clinical and neuroimaging presentations of the familial members of familial neuromyelitis 
optica spectrum disorder: Report of one family and literature review” Jun-Jun Lee, Chung-Chih Chang, Wen-Neng 
Chang, Taiwan Neurology Society 2017 



 

§ “Acute Psychosis following Vagus Nerve Stimulation: experience from single institute” Jun-Jun Lee, Meng-Hen Tsai, 
Taiwan Neurology Society 2015 
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 Chronic Migraine Epidemiology and Outcome (CaMEO)

 female, overweighted and have some psychiatric comorbidities

 In chronic migraine, the average per-person annual total costs is around 4.4-fold greater 
than episodic migraine

 In United States, estimated annual direct healthcare cost of chronic migraine is around 
$9.2 billion

 In 2005-2009, annual direct costs of Taiwanese patients with chronic migraine were NTD 
$52527, which was five times than costs of general population [

 indirect costs of chronic migraine, which are caused by disability-related missing work days 
or decreased productivity, plays greater role than direct costs.

 In Europe, more than 90% annual per-person costs of migraine was attributed to indirect 
costs cost for migraine 

 Similar to Westen countries, in Taiwan, the estimated median annual number of missed 
workdays are about 2 days



NEJM 377;6 August 10, 2017 

急性止痛治療



NEJM 377;6 August 10, 2017 

預防治療
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CGRP mAb





Conventional treatment



Preventative medication for Migraine 

 TPM is level A established efficacy preventative treatment on Chronic 

Migraine.

Propranolol 

(PPN)

40-240mg/d

50% 
Responder 
rate odd 
ratio 1.94

Study 
withdrawal 

<5%

Flunarizine

(FNZ)

5-10mg/d

50% 
Responder 

rate FNZ ≒

PPN

Ｗeight gain

Valproate 

(VPA)

500-
1800mg/d

50% 
Responder 
rate odd 
ratio 2.74

Pregnancy 
Category : X

Topiramate 

(TPM)

PPN 80mg = 
VPA 400mg 
= TPM 50mg

50% 
Responder 
rate odd 
ratio 3.27

台灣頭痛學會
偏頭痛預防性藥物治療準則



Topiramate is a first-line agent for migraine 
prevention

AAN=American Academy of Neurology; AED=Antiepileptic drug; AHS=American Headache Society; DDDs=defined daily doses.

1. Silberstein SD, et al. Neurology. 2012;78(17):1337-45.

2. Baftiu A, et al. Eur J Clin Pharmacol. 2016;72(10):1245-54.

AAN and AHS recommendations for migraine preventive therapy 
(level A evidence)1

AEDs: Topiramate, divalproex sodium, and sodium valproate

Utilization of AEDs in migraine in 

Norway2
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JAMA, February 25, 2004—Vol 291, No. 8 



JAMA, February 25, 2004—Vol 291, No. 8 















 Nonadherence to daily medication:

Forget Side effect Not real-time 
Benefit

Persistency 
issues

“Drugs don’t work in patients who don’t take them.”
C. Everett Koop, MD

Rationale for Extended-Release formulation



Microtrol® 微粒控釋藥物系統

 Trokendi® XR的藥物優勢

 平穩的血中濃度

 藥效涵蓋24小時



COWA=Controlled Oral Word Association; IR=immediate-release; XR=extended-release.

Epilepsy Curr. 2014; 14 (Suppl. 1): 2.119.
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⚫ Data were collected from 33 healthy volunteers tolerating therapy and completing both treatment arms.
⚫ The COWA test assesses verbal fluency by requiring subjects to spontaneously articulate in a minute as many words as 

possible that begin with a particular letter (e.g., F or B).

■ Trokendi XR® 
■ Topiramate IR 
(N=33)

50 mg 100 mg 150 mg 200 mg

Impact on Verbal Fluency of Trokendi XR®

 Trokendi XR®  showed less negative impact on verbal fluency vs. 

TPM-IR. (P<0.05)



Trokendi XR® significantly lower TEAE (p < 0.001)

 The incidence of cognitive symptoms was > 4-fold lower during Trokendi XR versus 

previous TPM-IR treatment

J.Comp. Eff. Res. doi: 10.2217/cer-2018-0074



Botox- 台灣健保現況



•Blocks release of neurotransmitters associated 
with peripheral sensitisation of sensory afferents

•By inhibiting peripheral sensitisation, BOTOX®  may 
indirectly inhibit central sensitisation 

Peripheral 
sensory effect

•Inhibits transmission in sensory nerves that 
traverse the cranium and have collateral 
dural branches

Transcranial 
afferent effect

•Inhibits sphenopalatine ganglion activation

Trigeminal 
autonomic effect

SPG

TG
SSN

MRN

PAG

Cortex

Thalamus

CSD

Meninges

TNC

Dura 

mater

Skull

Periosteum
Scalp

Sensory systems involved in CM



PREEMPT phase III trial

PREEMPT consisted of two phase III studies of patients with chronic 

migraine

 Global study across 122 sites in North America (106) and Europe (16) with 1384 patients

 24-week, randomised, double-blind, placebo-controlled phase

 32-week, open-label phase

 BOTOX®  155 U was administered as 31 fixed-site, fixed-dose injections

 An additional 40 U could be administered using a follow-the-pain strategy

 Headache symptoms and medications were recorded in a daily telephone diary

Headache 2011;51:1358-73
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PREEMPT pooled primary endpoint results (Weeks 24 

and 56): frequency of headache days

 BOTOX®  resulted in a significant 

improvement in frequency of 

headache days compared with 

placebo (p < 0.001 at 24 weeks)

 This improvement was sustained 

to the end of the 56-week 

open-label period (p = 0.019)

Double-blind phase:
BOTOX® (n = 688)

Open-label phase:
all patients on BOTOX® *

BOTOX® (n = 688)

Placebo (n = 696)

p < 0.001
at Week 24

p = 0.019
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Headache 2011;51:1358-73



Treatment-related adverse effect

Adverse events
BOTOX®

(n = 687) (%)
Placebo 

(n = 692) (%)

Total treatment-related AEs 29.4 12.7

Neck pain 6.7 2.2

Muscular weakness 5.5 0.3

Eyelid ptosis 3.3 0.3

Musculoskeletal pain 2.2 0.7

Injection-site pain 3.2 2.0

Headache 2.9 1.6

Myalgia 2.6 0.3

Musculoskeletal stiffness 2.3 0.7

Headache 2011;51:1358-73
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Evolving treatment



NATURE REVIEWS | NEUROLOGY VOLUME 14 | JUNE 2018
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multimeric complex made up of the 7 

transmembrane GPCR designated CT 

receptor-like receptor (CLR) domains

single transmembrane protein 

designated receptor activity 

modifying protein 1 (RAMP1)



NATURE REVIEWS | NEUROLOGY VOLUME 14 | JUNE 2018



CNS Drugs volume 33, pages525–537(2019)

https://link.springer.com/journal/40263
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CGRP and migraine

 CGRP increased in external jugular venous blood during a migraine attack 

compared to non-migraine controls

 CGRP was reduced concomitant with migraine headache relief by sumatriptan

 IV CGRP to migraine patients during a headache free phase 

→ induced not only an immediate moderate headache but also a delayed 

headache that completely mimicked their migraine

→ but no pain in other body parts 

NATURE REVIEWS | NEUROLOGY VOLUME 14 | JUNE 2018
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Trigeminovascular vasodilatory reflex 
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CGRP-related therapy



Gepants

Headache | Month 2019 
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If small molecular cause hepatotoxicity, 

how about big molecular ? 



NATURE REVIEWS | NEUROLOGY VOLUME 14 | JUNE 2018



Headache | Month 2019 



CGRP mAbs

- the common considerations



CGRP mAbs

- benefits 1

Some benefits over small molecule drugs, especially in 

chronic indications:

(1) long-circulating plasma half-lives (weeks) 

⟷ small molecules (hours)
→ infrequent administration ➔better adherence

(2) lack liver toxic metabolites

(3) no metabolic drug-drug interactions

(4) exquisite target selectivity 

Headache | Month 2019 



CGRP mAbs

- benefits 2

 1. Quick onset of effect, separating from placebo within 1 week 

 2. Clinically meaningful responses observed after 1 month

 3. A subgroup of “super responders” (≥50% improvement and 

higher)

 4. Responses not limited by past failure to other preventive 

medications 

 5. Safety and tolerability appear generally similar to placebo 

except for GI side effects

Headache | Month 2019 



How about the effect?

 Erenemab: 

➔ ↓ 6.7 days reduction in monthly migraine days

➔ ↓ 79 migraine days per year

 Galcanezumab and eptinezumab

➔1/3 patients:

↓ >75% monthly migraine days

NATURE REVIEWS | NEUROLOGY VOLUME 14 | JUNE 2018

Lancet Neurol. 2017 Jun;16(6):425-434

SKLAREVSKI AHS MEETING JUNE 2017



Clinical considerations



Current problems with prevention of 

migraine

 Current medication for other therapeutic use

 Even on the best dose and the best medication for several months, the 

likelihood of having a 50% reduction rate in headache days is less than 

half

 More than 80% patient quit from current preventive medication

Cephalalgia. 2015 May;35(6):478-88



European headache federation 

guideline: expert’s opinion



When should treatment with anti-CGRP 

monoclonal antibodies be offered to patients 

with migraine? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with episodic migraine 

 who have failed at least two of the available medical treatments or 

 who cannot use other preventive treatments because of comorbidities, side effects or 
poor compliance

➔ we suggest the use of erenumab, fremanezumab, or galcanezumab

 In patients with chronic migraine 

 who have failed at least two of the available medical treatments or 

 who cannot use other preventive treatments because of comorbidities, side effects or 
poor compliance

➔ we suggest the use of erenumab, fremanezumab, or galcanezumab



How should other preventive treatments be 

managed when using anti-CGRP monoclonal 

antibodies in patients with migraine? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with episodic migraine
before starting erenumab, galcanezumab or fremanezumab we suggest to stop oral 
preventive drugs unless the patient had a previous history of chronic migraine before 
prevention; in this case, we suggest to add the anti-CGRP monoclonal antibody to the 

ongoing treatment and to re-assess the need of treatment withdrawal 

 In patients with chronic migraine 

 who are on treatment with any oral drug with inadequate treatment response we suggest to 

add erenumab, fremanezumab, or galcanezumab and to consider later withdrawal of the oral 

drug

 who are on treatment with onabotulinumtoxinA with inadequate treatment response we 

suggest to stop onabotulinumtoxinA before initiation of erenumab, fremanezumab,

or galcanezumab

 who are on treatment with erenumab, fremanezumab, or galcanezumab and who may benefit 

from additional prevention we suggest to add oral preventive drugs 



When should treatment with anti-CGRP 

monoclonal antibodies be stopped in patients 

with migraine? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with episodic migraine

 we suggest to consider to stop treatment with erenumab, fremanezumab, and 

galcanezumab after 6–12 months of treatments

 In patients with chronic migraine

 we suggest to consider to stop treatment with erenumab, fremanezumab, and 

galcanezumab after 6–12 months of treatments



Should medication overuse be treated before 

offering treatment anti-CGRP monoclonal 

antibodies to patients with chronic migraine? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with chronic migraine and medication overuse, we suggest to use 

erenumab, fremanezumab, and galcanezumab before or after withdrawal of 

acute medications 



In which patients anti-CGRP monoclonal 

antibodies are not to be used? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with migraine, we suggest to avoid anti-CGRP monoclonal 

antibodies in 

 pregnant or nursing women, 

 individuals with alcohol or drug abuse, 

 cardio and cerebrovascular diseases, and 

 with severe mental disorders 



Should binding and/or neutralizing antibodies 

be monitored? 

The Journal of Headache and Pain (2019) 20:58 

 In patients with migraine on treatment with anti-CGRP monoclonal antibodies, we 

suggest not to test binding and/or neutralizing antibodies in daily clinical practice; 

we suggest to further study the possible implications of binding and/or neutralizing 

antibodies 



Take-home message











Thank you for your attention.
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EDUCATION
 
2015-present 
 
2011-2013 

University College London, Queen Square, UK�
   PhD candidate, Cognitive Neuroscience������������������������������������������ 
University Of Oxford, UK �
   Masters of Science by Research in Clinical Neurosciences����������������������� 

2010-2011 University College London, Queen Square, UK       
   Masters of Science in Cognitive Neuroscience (Distinction)                          

1997-2004   National Defence Medical Center, Taiwan       �
   Doctor of Medicine  
 

CURRENT POSITIONS AND WORK EXPERIENCE 
 
2019 - present 
2004 - present 

Director                                                Dementia Center��Shin Kong WHS Hospital, Taiwan            ��
Attending Neurologist (Consultant Neurologist) �����������Shin Kong WHS Hospital, Taiwan            � 

2020 - present Assistant Professor        Institute of Biophotonics, National Yang-Ming University, Taiwan 
2021 - present� Assistant Professor                       College of Medicine, Fu- en Catholic University, Taiwan              �
2017 - present 
2014 – 2017 

Director/ Supervisor of Board�������������������������������������������������������Taiwan Headache Society 
Secretary-General                                                                           Taiwan Headache Society  

2011 - 2013 Research Fellow       Nuffield Department of Clinical Neurosciences, University of Oxford 
2010 - 2011   Research Fellow      Institute of Cognitive Neuroscience, Queen Square, UCL, London, UK                       
 
PROFESSIONAL QUALIFICATIONS  
 
2019 Fellowship of the Macau Academy of Medicine (Neurology) 
2015 Certificate of Headache Master (certificate no. 37)   - accreditated by the International Headache Society�
2009 Taiwan Registered Neurocritical Care Specialist                         
2007 Taiwan Registered Neurology Specialist                                      �
2004 Taiwan Registered Medical Doctor                                                                    �
�
PRIZES AND HONOURS (selected) 
 
2020 
2010-2011 

Research Award, Shin Kong Wu Ho-Su Memorial Hospital 
British Chevening Scholar (UK Government Scholarships) 

2015           Oral Poster Presentation Award, the 5th Asian Regional Conference for Headache, Chiangmai 
         International Headache Society 

2014   Award of Best Supervisors of Postgradate year 1 (PGY1) Physicians 
2011/12         Study Award, Keble Association Grants, University of Oxford 
2005 Outstanding Medical Student Teaching Award, College of Medicine, Fu-Jen Catholic University 
 
CURRENT RESEARCH AND INTERESTS 
 
My research interests focus on understanding the neural mechanisms underpinning migraine 
and neurodegenerative diseases, specifically the potential of brain stimulation in 
therapeutics. With transcranial electrical stimulation (tES), my work includes modulating 
cortical excitability in migraine, boosting slow-wave-sleep-related memory consolidation in 
healthy subjects as well as enhancing cognition and gait in demented subjects. My recent 
research also involves decision-making and big data analysis in migraine. To investigate 
these issues, I use a variety of methods including tES, EEG, neuroimaging, epidemiological 
and neuropsychological approaches.  

PUBLICATIONS  ��
�
30 SCI peer-reviewed journal articles, 19 articles as first/corresponding author 

chiieong.lau@ndcn.oxon.org 
website:  https://www.ucl.ac.uk/icn
/research/research-groups/applied-

cognitive-neuroscience 
 



Feb 2021                           Chi Ieong Lau ����MD, MSc(Res), MSc, PhD Candidate�

2/3 
 

 
 
PUBLICATIONS  (peer-reviewed journal articles) 
 
2021 • Jao CW+; Lau CI+; Lien LM; Tsai YF; Chu KE; Hsiao CY; Yeh JH *; Wu YT*. Using Fractal 

Dimension Analysis with the Desikan-Killiany Atlas to Assess the Effects of Normal Aging on 
Subregional Cortex Alterations in Adulthood. Brain Sciences. 2021 Jan 14;11(1):107. doi: 
10.3390/brainsci11010107. (IF: 2.786. first author, equal contribution+)  
 

2020 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2019 

• Jao CW, Yeh JH; Wu YT; Lien LM; Tsai YF; Chu KE; Hsiao CY; Wang PS; Lau CI*. 
Alteration of Intra- and Inter-Lobes Connectivity of Brain Structural Network in Normal 
Aging. Entropy. 2020, 22, 826; doi:10.3390/e22080826. (IF: 2.494. CORRESPONDING 
AUTHOR) 
• Lau CI, Liu MN, Chen WH, Walsh V, Wang SJ*. Clinical and biobehavioral perspectives: Is 

medication overuse headache a behavior of dependence? Prog. Brain Res. 2020 Jun. 
doi.org/10.1016/bs.pbr.2020.05.019.  (IF: 2.961) 
• Lau CI*, Chen WH, Walsh V. The visual system as target of non-invasive brain stimulation 

for migraine treatment: Current insights and future challenges. Prog. Brain Res. 2020 Jun. 
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Epidemiology and mechanism
of psychiatric comorbidity

共病
(Psychi)

療效
(Migraine)



Definition of co-morbidity

• 1st definition by Feinstein (1970): any distinct additional clinical entity 
that has existed during the clinical course of a patient who has the 
index disease (J Chronic Dis. 1970 Dec;23(7):455-68.)



Definition of co-morbidity

• Concordant conditions that have the same pathophysiological risk 
profile and management plan and discordant conditions (Lancet Neurol. 2016 
Jan;15(1):32.) (Ann Fam Med. Jul-Aug 2009;7(4):357-63.)

• Concurrent or successive (J Child Psychol Psychiatry. 1999 Jan;40(1):57-87.)

• A broad concept, including complications or effects, and causes, s/s of 
the index disease (J Chronic Dis. 1970 Dec;23(7):455-68.) (Psychopathology. Jul-Aug 2005;38(4):206-
10.)



Tension-type headache (TTH)

• 60% had anxiety and 32% had depression (Arq Neuropsiquiatr. 2003 Dec;61(4):991-4.)

• The main predictor for depression and anxiety (Am J Epidemiol. 2005 Jun 
1;161(11):1066-73.)

• cTTH: 3-15 times to receive a diagnosis of anxiety or mood disorder 
(Headache. 2000 Jan;40(1):3-16.)

• cTTH: significantly higher neuroticism score and a significantly higher 
level of psychological distress than the general population (Acta Neurol Scand. 
2011 Dec;124(6):375-82.)



Migraine

• Several psychiatric comorbidities (J Neurol Neurosurg Psychiatry. 2016 Jul;87(7):741-9.)

• Depression (41-47%)

• Anxiety disorders (51-58%)

• Bipolar disorder

• PTSD (9-43%)

• Personality disorders

• Suicide attempts



The relationship with migraine chronification

• Depression was a significant predictor of onset of chronic migraine 
(CM) (OR=1.65, 95% CI 1.12 to 2.45) (J Headache Pain. 2012 Nov;13(8):615-24.)

• Risk of CM onset increased with depression severity (J Headache Pain. 2012 
Nov;13(8):615-24.) (Headache. 2008 Sep;48(8):1157-68.)



Migraine + depression

• Depression is 2-2.5 times more common, than general population 
(Headache. 2008 Apr;48(4):501-16.)(Neurology. 2003 Apr 22;60(8):1308-12.)(Neurology. 2000 Sep 
12;55(5):629-35.)

• 40% migraineurs also report depression (Neurology. 2000 Sep 12;55(5):629-35.)

• Bidirectional association (Neurology. 2000 Jan 25;54(2):308-13.) (Neurology. 2003 Apr 
22;60(8):1308-12.)

• P’t w/ migraine: 5-fold higher risk of depression than general population

• P’t w/ depression: 3-fold higher risk of migraine than general population



Migraine + anxiety

• 50% of cumulative lifetime incidence of ≥1 anxiety disorder (J Neurol 
Neurosurg Psychiatry. 2016 Jul;87(7):741-9.)

• Anxiety disorders are 2-5 times more prevalent than in the general 
population (J Neurol Neurosurg Psychiatry. 2016 Jul;87(7):741-9.)

• Anxiety disorders are much more common in CM than EM (Cephalalgia. 1998 
Aug;18 Suppl 22:56-8; discussion 58-61.)

• Bidirectional relationship (Headache. 2013 Jan;53(1):23-45.)



Migraine + anxiety

• Generalized anxiety disorder (GAD), OCD, panic disorder (Headache. 2006 
Oct;46 Suppl 3:S76-87.)

• Migraine is associated with a 4- to 5-fold increase in the risk of GAD (J 
Neurol. 2013 Aug;260(8):1960-9.)

• Migraine is associated with 3-10 times the risk of panic disorder 
(Headache. 2013 Jan;53(1):23-45.)



Migraine + sleep disorder

• >50% migraine P’t report sleep difficulties (Headache. Jul-Aug 2005;45(7):904-10.)

• >1/3 migraine P’t suffer from chronic short sleep (≤6h/night) (Headache. 
Jul-Aug 2005;45(7):904-10.)

• Bidirectional relationship (Semin Pediatr Neurol. 2015 Jun;22(2):105-12.)

• Sleep disturbances (excess, lack, irregular) as triggers and risk factors 

• Migraines interfere with quality of sleep



In childhood and adolescence headache

• In a recent meta-analyses (Cephalalgia. 2013 Jan;33(2):112-22.)

• Assessing internalizing (anxiety, depression) and externalizing (behavioral 
problems) symptoms

• Internalizing: high level in either migraine or TTH

• Externalization: high level in migraine

• No significant differences between the headache groups



In childhood and adolescence headache

• Higher levels of internalizing symptoms are driven by other somatic 
complaints (nausea, dizziness, tiredness) (Cephalalgia. 2013 Jan;33(2):112-22.)

• Internalizing symptoms may represent a consequence of having 
headache rather than a sign of psychological dysfunctioning. (Cephalalgia. 

2013 Jan;33(2):112-22.)



Effects of psychiatric comorbidities

• Decreased quality of life (Int J Psychiatry Med. 2016 Jul;51(5):442-455.)

• Modifiable trigger factor in primary headache disorder, notably stress 
and sleep (Cephalalgia. 2018 May;38(6):1188-1198.)



Mechanism in development of psycho-pathology

• Still un-determined

• The abnormal mPFC may contribute to determining the common 
symptoms in migraine and depression (J Headache Pain. 2018 Jun 26;19(1):48.)

• Amplitude of low-frequency fluctuation (ALFF) to measure regional intrinsic 
brain activity to explore the pathophysiology



mPFC: medial prefrontal cortex

REC: rectus gyrus

PCC: posterior cingulate cortex

dMIG: migraine w/ depression

ndMIG: migraine w/o depression

MDD: major depressive disorder

HC: healthy controls

Migraine

Depression



Mechanism of psychological Tx

• Preventive effect by management and regulation of major trigger 
factors of headache, or comorbid psychopathology which interact with 
headache bi-directionally

• Physiological changes from psychological treatment
• Endogenous opioids system (Am J Med. 2016 Jul;129(7):755-8.)

• Sympathetic activity (Headache. 1993 Sep;33(8):439-41.)

• Pain-related brain neuroplasticity. (Neural Plast. 2017;2017:2038573.)



療效
(Headache)

Efficacy of psychological Tx (headache)

共病
(Psychi)

療效
(Migraine)



Psychological Tx (incomprehensive)

• Psychotherapy

• Cognitive behavior therapy (CBT)

• Biofeedback therapy (BFT), Neurofeedback

• Relaxation training (RT)

• Autogenic training

• Meditation

• Mindfulness-based treatment (MBT)



Pros and cons of psychological Tx

• Long-lasting Tx efficacy
• 5yrs after completing biofeedback and/or relaxation, 91% of migraine P’ts and 

78% of TTH continued to improve significantly (Headache. 1987 Nov;27(10):580-3.)

• Biofeedback and relaxation have shown a similar Tx response immediately 
after Tx and significantly better response 1-year Tx than did those using 
propranolol for migraine (Complement Ther Med. 2005 Sep;13(3):165-74.)

• Time-consuming

• Need more motivation



Current recommendation-1 (migraine)

• 2019 AHS (Headache. 2019 Jan;59(1):1-18.)

• Biobehavioral therapy: effective in the acute and preventive Tx. Alone or in 
conjunction

• Grade A evidence for prevention

• 2019 Cochrane Library (Cochrane Database Syst Rev. 2019 Jul 2;7(7):CD012295.)

• No high-quality evidence to determine whether psychological interventions 
are effective in managing migraine in adults



Current recommendation-2

• TTH (JAMA. 2001 May 2;285(17):2208-15.)

• CBT: comparable with tricyclic antidepressants

• Combination more effective

• Primary HA (2012 NICE guideline)
• Not to make a recommendation on the use of psychological therapies for the 

prophylactic treatment of primary headaches

• Not enough evidence to form a recommendation for or against its use



Methods
English databases

EMBASE, MEDLINE, Cochrane Library
SCOPUS, Science Direct, Web of Science
CINAHL, PsycArticles

Korean database
KoreaMed, and KMBASE

Primary efficacy measure
HA frequency (HA days/mth)

Secondary efficacy measure
HA frequency (HA attacks/wk)
Headache index (HI)
Tx response rate (>50% improvement 
from baseline on the HI and MIDAS)

Heterogeneity
I2 statistic (>50%: meaningful)

Sensitivity analysis
Excluding one study at a time from the 
meta-analysis to test the robustness of 
the effects of a single study

Risk of bias
Tool (Higgins & colleagues); Funnel plot

J Headache Pain. 2019 Feb 14;20(1):17.

Subgroup analysis
Headache type

restricted to migraine vs. TTH vs. cluster headache vs. MOH
vs. primary headache with no restriction on headache type

Type of intervention
CBT vs. BFT vs. MBT vs. other Tx-type without a previously mentioned Tx components

Study location

Model
Fixed-effect model

Low heterogeneity among the studies 
included in the identified meta-analysis

Random-effect model
High heterogeneity among the studies 
included in the identified meta-analysis



HA frequency (HA days/mth)

-0.70 (95% CI [− 1.22, − 0.18], P = 0.01)

Heterogeneity analysis
not heterogeneous (I2 = 36%, P = 0.12)

Sensitivity analysis
one study nearly robust
− 0.54 (95% CI [− 1.08, 0.00], P = 0.05)

HA frequency (HA attack/wk)

-1.14 (95% CI [− 1.61, − 0.66, P < 0.001) 

Heterogeneity analysis 
not heterogeneous (I2 = 32%, P = 0.19)

Sensitivity analysis
no single robust study

Headache index

-0.92 (95% CI [− 1.40, − 0.44], P < 0.001)

Heterogeneity analysis 
not heterogeneous (I2 = 0%, P = 0.92)

Sensitivity analysis
no single robust study

J Headache Pain. 2019 Feb 14;20(1):17.

Treatment response

Pooled RR 3.13 (95% CI [2.24, 4.37], P < 0.001)

Heterogeneity analysis 
not heterogeneous (I2 = 0%, P = 0.67)

Sensitivity analysis
no single robust study

Disability due to HA

MIDAS -2.52 (95% CI [− 5.27, 0.23], P = 0.073)

Heterogeneity analysis

significantly heterogeneous (I2 = 74%, P < 0.01)

Sensitivity analysis

one robust study. -3.15 (95% CI [− 6.04, − 0.27], P = 0.03) after correction



HA frequency (HA days/mth)

-0.70 (95% CI [− 1.22, − 0.18], P = 0.01)

Subgroup analysis
By headache type: no significant difference (P = 0.23) 
By intervention type: no significant difference (P = 0.67)
By country: significant difference (P = 0.02)

Headache type
Migraine: significant difference than placebo −0.59 (95% CI [− 1.12, − 0.05]) 
TTH or no restriction: no significant differences between control

Intervention type
No specific intervention type showed significant efficacy over control

Country
US and European countries: no significant difference between groups
Other countries: significantly better results than control −2.80 (95% CI [− 4.36, −1.24]) 

HA frequency
(attack/wk)

-1.14

Headache index

-0.92

J Headache Pain. 2019 Feb 14;20(1):17.

Tx response

Pooled RR 3.13
HA Disability

MIDAS -2.52



HA frequency
(HA days/mth)

-0.70

HA frequency (attack/wk)

-1.14 (95% CI [− 1.61, − 0.66, P < 0.001)

Subgroup analysis
By headache type: no significant differences (P = 0.55)
By intervention type: no significant differences (P = 0.26)
By country: no significant differences (P = 0.93)

Headache type
migraine: significant difference over placebo, −0.91 (95% CI [− 1.53, − 0.30])
TTH: significant difference over placebo, −1.43 (95% CI [− 2.19, − 0.66])

Intervention type
BFT: significant difference over control, −0.70 (95% CI[− 1.37, − 0.02]
CBT: significant difference over control, −3.00 (95% CI [− 5.43, − 0.57])
MBT: significant difference over control, −1.39 (95% CI [− 2.13, 0.64])
Other treatments: no significant differences 

Country
US: significant difference than control, −0.94 (95% CI [− 1.72, − 0.15])
Other: significant difference than control, −1.26 (95% CI [− 1.86, − 0.66])

Headache index

-0.92

J Headache Pain. 2019 Feb 14;20(1):17.

Tx response

Pooled RR 3.13
HA Disability

MIDAS -2.52



HA frequency
(HA days/mth)

-0.70

HA frequency
(attack/wk)

-1.14

Headache index

-0.92 (95% CI [− 1.40, − 0.44], P < 0.001)

Subgroup analysis
By headache type: no significant differences (P = 0.81)
By intervention type: no significant differences (P = 0.83)
By country: cannot perform (all from the US)

Headache type
TTH: significant difference than control group, −0.99 (95% CI [− 1.79, − 0.19])
No restriction: significant difference than control group, −0.83 (95% CI [− 1.45, − 0.20])
Migraine(1): no significant difference

Intervention type
BFT: significant difference over the control, −0.86 (95% CI[− 1.35, − 0.36])
Other intervention* (including CBT): no significant difference

J Headache Pain. 2019 Feb 14;20(1):17.

Tx response

Pooled RR 3.13
HA Disability

MIDAS -2.52



HA frequency
(HA days/mth)

-0.70

HA frequency
(attack/wk)

-1.14

Headache index

-0.92
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Tx response

Pooled RR 3.13 (95% CI [2.24, 4.37], P < 0.001)

Subgroup analysis
By headache type: no significant difference (P = 0.54) 
By intervention type: no significant difference (P = 0.38)
By country: no significant difference (P = 0.76)

Headache type
Migraine: significant difference, pooled RR of 3.94 (95% CI [1.80, 8.62])
TTH: significant difference, pooled RR of 4.16 (95% CI [1.70, 10.19])
No restriction: significant difference, pooled RR of 2.70 (95% CI [1.80, 4.03])

Intervention type
CBT: significant difference than control, pooled RR of 4.75 (95% CI [2.03, 11.12])
BFT: significant difference than control, pooled RR of 2.74 (95% CI [1.70, 4.42])
CBT and BFT: significant difference than control, pooled RR of 2.13 (95% CI [1.08, 4.21])
Others: significant difference than control, pooled RR of 4.78 (95% CI [1.79, 12.75])

Country
US: significant difference than control, pooled RR = 2.52, 95% CI [1.70, 3.74]),
European: significant difference than control, pooled RR = 5.10, 95% CI [1.93, 13.48])
Other: significant difference than control, pooled RR = 3.05, 95% CI [1.10, 8.40])

HA Disability

MIDAS -2.52



HA frequency
(HA days/mth)

-0.70

HA frequency
(attack/wk)

-1.14

Headache index

-0.92
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Tx response

Pooled RR 3.13

HA Disability

MIDAS -2.52 (95% CI [− 5.27, 0.23], P = 0.073)

Subgroup analysis
By headache type: no significant difference (P = 0.98)
By intervention type: no significant difference (P = 0.05)
By country: significant difference between subgroups (P = 0.03)

Headache type
All subgroup: no significant difference over control group

Intervention type: 
MBT: significant difference over control, −13.00, 95% CI [− 21.08, − 4.92])
BFT, CBT and other: no significant differences 

Country
US and European: no significant differences 
Other countries: difference over control group, − 5.72 (95% CI [− 8.44, − 3.0])



Limitation
Diversity of treatment modality
Heterogeneity of protocol in each modality
Lack of standardized outcome measure in RCTs

J Headache Pain. 2019 Feb 14;20(1):17.

Source of bias
Hard to blind
High drop-out rate

Conclusion
Reduced headache frequency and the suffering
Possible option for primary headache; alone or in combination
Need standardized outcome measures and strategies to reduce bias
Need standardized protocol or manual



Efficacy of psychological Tx (migraine)

共病
(Psychi)

療效
(Headache)

療效
(Migraine)



CBT Biofeedback

Relaxation training Physical exercise



Cognitive behavioral therapy (CBT)

• Therapists teach patients how to identify and address maladaptive 
thoughts, beliefs, and triggers associated with headache, as well as 
various behavioral strategies for modifying behaviors. (Neurol Clin. 2019 
Nov;37(4):789-813.)

• Patient need: well-educated, devoting



Cognitive behavioral therapy (CBT)

• A recent meta-analysis across a broad range of behavioral 
interventions (Headache. 2018 Jun;58(6):913-925.)

• Aids in reducing stress by 4-12%

• Reduced frequency of medication use by 20-25%

• Improve self-efficacy

• Reduce pain catastrophizing

• Enhanced clinical outcomes and quality of life

• Effectiveness in reducing HA frequency is more variable (Br J Pain. 2015 
Nov;9(4):213-24.)



Biofeedback (BF)

• Self-regulatory technique whose purpose is to enable P’t to gain 
voluntary control of varied physiologic functions (Neurol Clin. 2019 Nov;37(4):789-
813.)

• 4 components: a biosensing unit, a data transfer unit, a data 
processing unit, and a feedback unit. (Yu B, Funk M, Hu J, Wang Q and Feijs L (2018) 
Biofeedback for Everyday Stress Management: A Systematic Review. Front. ICT 5:23.)



Early parameters
overall arousal,
chiefly muscle tension,
limb temperature,
skin conductance

Advance parameters
temporal artery blood volume pulse,
respiration,
heart rate variability (HRV),
electroencephalography (EEG)

Biosensing

Data transfer

Data process

Feedback1

2

3

4



Biofeedback (BF)

• Reduce headache duration and more limited support for reductions in
prophylactic medications (Appl Psychophysiol Biofeedback. 2008 Sep;33(3):125-40.) (Pain. 2007 
Mar;128(1-2):111-27.)

• Reduce headache frequency by 21-67% (J Neurol. 2016 Dec;263(12):2369-2377.)

• Superior to placebo, and generally comparable with most prophylactic 
medication (with insufficient evidence comparing CGRP antagonists) 
(Neurol Sci. 2014 May;35 Suppl 1:121-7.) (Pain. 1990 Jul;42(1):1-13.)



Biofeedback (BF)

• Comprehensive efficacy review (Appl Psychophysiol Biofeedback. 2008 Sep;33(3):125-40.)

• Average of 11 sessions to show clinically significant improvements (headache 
parameters, anxiety, depression, self-efficacy)

• Results enduring (14mths)

• BF + standard pharmacologic Tx > either alone (Pain. 1990 Jul;42(1):1-13.) (JAMA. 
2013 Dec 25;310(24):2622-30.)



Relaxation training (RT)

• Not only to relax muscle tension but also to decrease the sympathetic 
nervous system’s response to stress (Neurol Clin. 2019 Nov;37(4):789-813.)

• Several approaches successfully applied for migraine (Neurol Clin. 2019 
Nov;37(4):789-813.)

• Guided imagery (導引式圖像)
• Deep or diaphragmatic breathing (腹式呼吸)
• Progressive muscle RT (PMRT) (漸進式肌肉放鬆)

• PMRT can significantly reduce migraine frequency and day/mth by 
approximately 41% and 43%, respectively (J Headache Pain. 2016;17:37.)



Relaxation training (RT)-Mindfulness Meditation



Relaxation training (RT)-Mindfulness (正念)

• Mindfulness-based stress reduction (MBSR), a standardized mind-body 
treatment that teaches momentary awareness with decreased sensory 
percept judgment (JAMA Intern Med. 2020 Dec 14;e207090.)

• Mindfulness may be particularly helpful for migraine, as it diminishes
affective responses to stress (J Clin Psychiatry. 2013 Aug;74(8):786-92.) 
(Psychoneuroendocrinology. 2014 Jun;44:1-12.)

• Double-blinded RCT of MBSR vs headache education for migraine 



Relaxation training (RT)-Mindfulness (正念)

• Inclusion criteria
• Migraine (ICHD-2)

• 4-20 migraine day/mth

• Hx of migraine for at least 1 yr

• At least 18 y/o

• Availability for 8 weekly classes

• Exclusion criteria
• Unstable medical or psychiatric illness

• Severe clinical depression (PHQ-9 > 20)

• Nonmigraine chronic pain

• MOH (ICHD-2)

• Pregnancy (current /planned)

• Use of new migraine Mx within 4 wks

• Inability to maintain stable Mx

• Incomplete baseline headache log

• Absence of pain ratings to noxious (49 
°C) stimuli



Relaxation training (RT)-Mindfulness (正念)

• Primary outcome (baseline to 12 wks)
• Migraine frequency change (day/mth)

• Secondary outcome (baseline to 12, 24, 36 wks)
• Headache day frequency, intensity, unpleasantness, duration

• Disability, QoL, self-efficacy

• Pain catastrophizing, depression scores

• Experimentally induced pain intensity and unpleasantness



Relaxation training (RT)-Mindfulness (正念)

• Primary outcome (baseline to 12 wks)
• Both migraine frequency↓ (no statistical differences between groups)

• Secondary outcome (baseline to 12, 24, 36 wks)
• 12 wks: both headache frequency↓ (no statistical differences between groups)

• 36 wks: both migraine frequency↓ (no statistical differences between groups)

• 36 wks: both headache frequency↓ (no statistical differences between groups)

• No significant changes over time or group differences on headache pain 
unpleasantness, intensity, or duration



Pain Catastrophizing

Disability

Anxiety 

Self-Efficacy

Depression

Quality of Life

Mindfulness

0.2(small)………….. S
0.5(medium)…….. M
0.8(large)…………… L
1.2(very large)        

L

L

M

M
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Relaxation training (RT)-Mindfulness (正念)

• MBSR did not improve migraine frequency more than headache 
education

• MBSR improved disability, QoL, self-efficacy, pain catastrophizing, and 
depression out to 36 wks



Physical exercise

• Significant reduction in pain intensity, frequency and duration, w/o 
worsening of migraine (Cephalalgia. 2003 Dec;23(10):972-6.) (Headache. 2009 Apr;49(4):563-70.) 
(Headache. 2002 Oct;42(9):845-54.) (Clin Rehabil. 2003 Sep;17(6):624-30.) (Clin J Sport Med. 2008 
Jul;18(4):363-5.) (J Headache Pain. 2014 Feb 14;15(1):11.) (Arq Neuropsiquiatr. 2014 Nov;72(11):851-5.)

• Aerobic training ≈ strength training (Arq Neuropsiquiatr. 2011 Feb;69(1):39-43.)

• RCT: significant frequency reduction in the yoga vs self-care (p < 0.001) 
(Headache. 2007 May;47(5):654-61.)



CBT

Need eligible P’t
Efficacy (stress/Mx use/QoL)
Frequency reduction variable

Biofeedback

Effective (duration/frequency)
Enduring result (14mths)
Combination better

Relaxation training

Effective (frequency)
Several types (MBSR, PMRT…)
Additional benefits (QoL…)

Physical exercise

Effective (duration/frequency/intensity)
Aerobic ≈ strength training
Yoga also effective 



Conclusion



Prevalent

Promising

Participating

• Common psychiatric comorbidities
• Migraine chronification, QoL↓; Modifiable factors
• Mechanism?

• Effective/enduring in primary HA and migraine
• CBT, biofeedback, relaxation (MBSR/PMRT), exercise
• Standardized protocol and outcome measures

• Holistic care
• Pharmacological + non-pharmacological
• Teamwork (physician, therapist referral, P’t)
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