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E-diary use in clinical headache practice:
A prospective observational study
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Abstract

Aim: To determine whether our E-diary can be used to diagnose migraine and provide more reliable migraine-related

frequency numbers compared to patients’ self-reported estimates.

Methods:We introduced a self-developed E-diary including automated algorithms differentiating headache and migraine

days, indicating whether a patient has migraine. Reliability of the E-diary diagnosis in combination with two previously

validated E-questionnaires was compared to a physician’s diagnosis as gold standard in headache patients referred to the

Leiden Headache Clinic (n¼ 596). In a subset of patients with migraine (n¼ 484), self-estimated migraine-related fre-

quencies were compared to diary-based results.

Results: The first migraine screening approach including an E-headache questionnaire, and the E-diary revealed a

sensitivity of 98% and specificity of 17%. In the second approach, an E-migraine questionnaire was added, resulting in

a sensitivity of 79% and specificity of 69%. Mean self-estimated monthly migraine days, non-migrainous headache days

and days with acute medication use were different from E-diary-based results (absolute mean difference� standard

deviation respectively 4.7� 5.0, 6.2� 6.6 and 4.3� 4.8).

Conclusion: The E-diary including algorithms differentiating headache and migraine days showed usefulness in diag-

nosing migraine. The use emphasised the need for E-diaries to obtain reliable information, as patients do not reliably

recall numbers of migraine days and acute medication intake. Adding E-diaries will be helpful in future headache

telemedicine.
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Introduction

The gold standard for diagnosing migraine is based on
information obtained from a clinical interview and
physical and neurological examination. Due to the epi-
sodic nature of the disease, most patients experience
difficulties in recalling details on frequency and specific
characteristics of each individual attack. Daily prospec-
tive electronic diaries (E-diaries) may reduce recall bias
and increase the reliability of patients’ descriptions of
migraine attack characteristics (1). Therefore, E-diaries
may have an added value both in clinical practice and
for research purposes. In addition, the need for tele-
medicine was recently emphasised due to the coronavi-
rus outbreak (COVID-19), which made it impossible
for certain groups of patients to visit their general

practitioner or the hospital. Various telemedicine
approaches are already being used in other chronic
neurological disorders (2).

1Department of Neurology, Leiden University Medical Center, Leiden,

The Netherlands
2Department of Internal Medicine, Erasmus University Medical Center,

Rotterdam, The Netherlands
3Department of Medical Statistics, Leiden University Medical Center,

Leiden, The Netherlands

Corresponding author:

Gisela M Terwindt, Department of Neurology, Leiden University Medical

Center, PO Box 9600, 2300 RC Leiden, The Netherlands.

Email: g.m.terwindt@lumc.nl

Cephalalgia

2021, Vol. 41(11–12) 1161–1171

! International Headache Society 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03331024211010306

journals.sagepub.com/home/cep

https://orcid.org/0000-0002-7261-762X
mailto:g.m.terwindt@lumc.nl
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03331024211010306
journals.sagepub.com/home/cep
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03331024211010306&domain=pdf&date_stamp=2021-05-02


There is growing attention for self-monitoring

mobile phone E-applications that allow patients with

chronic disorders, including migraine, to monitor their

own disease-related symptoms or health parameters

(3,4). Keeping a headache E-diary may help to discover
unrecognised trigger factors, but it can also show that

some perceived trigger factors are not as reliable as

believed (5). As an example, the need for diary-based

information in migraine has emerged from studies

showing inaccuracy of self-reported menstrual

migraine diagnoses and menstrual cycle lengths (6,7).
Although a headache E-diary is not mandatory in clin-

ical practice, its use can be helpful in diagnosing spe-

cific headache disorders, such as chronic migraine,

menstrual migraine, and medication-overuse headache.

In addition, responses to preventive and acute medica-

tions could be closely monitored. However, most avail-

able daily E-diaries for migraine lack specificity as
often only one simple question is asked, such as “Did

you suffer from headache today?” or “Did you suffer

from migraine today?”, reporting on drug intake but

failing to determine whether a reported day was fulfill-

ing the criteria of the International Classification of

Headache Disorders third edition (ICHD-3) for

migraine (8).
We have developed a time-locked headache E-diary

enabling the collection of accurate data for clinical and

research purposes based on detailed daily characteris-

tics and an automated algorithm. Additionally,

patients with migraine and their physicians receive
visual summary reports of registered E-diary data on

a daily basis, which provides insight into the course of

detailed characteristics over time.
With the current study, we aimed to determine the

usefulness of our E-diary in diagnosing migraine in a
large group of headache patients referred to the Leiden

Headache Clinic of the Leiden University Medical

Center by comparing the reliability of the E-diary diag-

nosis in combination with previously validated E-ques-

tionnaires to a physician’s diagnosis as gold standard.

In addition, we assessed the added value of E-diaries in

the subset of clinically diagnosed patients with
migraine, by comparing patients’ self-reported esti-

mates on mean numbers of monthly migraine days,

non-migrainous headache days and days with acute

medication use to numbers based on E-diaries.

Lastly, various criteria on headache duration (e.g. at

least 4 h or at least 30 min) are currently used in rand-

omised clinical trials when defining a migraine day, if
no migraine-specific acute treatment was taken. We

aimed to determine the consequence of using different

criteria for headache duration in the definition of

migraine days by comparing mean monthly numbers

of migraine days based on both time criteria.

Methods

Study population and study flow

For this study, we identified new patients referred to

the Leiden Headache Clinic of the Leiden University

Medical Center between October 2018 and May 2020.

Study flow is shown in Figure 1. Firstly, headache

patients had to fulfill the screening criteria for migraine

based on an adapted version of a validated web-based

screening E-headache questionnaire (Supplementary

information) (9). Using an automated algorithm,

screen positives (potential patients with migraine)

received an invitation to complete an extended E-

migraine questionnaire, after which a validated auto-

mated algorithm also determined migraine (subtype)

according to ICHD-3 criteria (Supplementary informa-

tion) (10). Additionally, screen positives were simulta-

neously asked to complete a daily headache E-diary,

starting at least one month prior to their first consul-

tation at the Leiden Headache Clinic. Patients that

were screen positive on both migraine and cluster head-

ache were excluded. Only E-diaries registered preceding

a first consultation at the Headache Clinic were used

for this study. To be eligible for this study, adherence

to the E-diary had to be at least 80% of the total reg-

istration period. Final diagnosis of patients was made

based on the ICHD-3 criteria (8) after a clinical inter-

view and physical and neurological examination by a

neurology-resident with consultation of a headache

specialist (GMT and/or RF) or by one of the other

neurologists with headache expertise at the Leiden

Headache Clinic. The study was approved by the med-

ical ethics committee of the Leiden University Medical

Center. Since data collection was embedded in clinical

practice, patients provided a temporally informed con-

sent at the start of data collection. After their first con-

sultation, they were additionally asked for written

informed consent.

Headache E-diary

The Leiden Headache Center has developed a web-

based and time-locked E-diary. Patients received a

daily link at 9.00 am by email to access the E-diary

covering the previous 24 h (from midnight to mid-

night), consisting of 6–31 questions depending on a

negative/positive reply regarding the presence of head-

ache including its detailed characteristics and associat-

ed symptoms (one sided, throbbing, intensity,

increasing with physical activities, photophobia/pho-

nophobia, nausea, vomiting), presence of aura symp-

toms including its characteristics and duration, use of

acute (headache-specific) pain medication, (changes in)

prophylactic headache medication, presence of
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menstruation, general wellbeing and pain coping.
Completion of the E-diary took approximately 3 min
per day. Once a month, up to eight additional ques-
tions were asked regarding the type and dose of acute
and prophylactic (specific) headache medication used,
menstrual cycle regularity and (post)menopausal
status. If an E-diary was not completed at 6.00 pm,
an alert with the same link was sent by text message
as a reminder. No adjustments could be made after
completion of an E-diary. When E-diaries were not
completed, they were time-locked after 48 h. The E-
diary could be filled in by mobile phone (mobile
phone E-diary).

An automatic algorithm calculated whether each
day was a headache day. A headache day was defined
as a day with a headache lasting for at least 1 h and/or
for which acute (pain or headache) medication (anal-
gesics or triptans) was used. If a headache was present,
the algorithm verified diagnostic criteria for migraine
according to the ICHD-3 criteria. Therefore, the regis-
tration of migraine days could be used as indication for
a migraine diagnosis. The default algorithm in the E-
diary calculated migraine days based on a headache
duration criterion of at least 4 h if no migraine-
specific acute treatment had been taken. Days on
which a triptan was used and/or days with aura symp-
tomatology lasting 5–60 min were also interpreted as
migraine days (Supplementary information). By defini-
tion, each migraine day was also considered a headache
day. Headache days not fulfilling the criteria of
migraine days were labelled as non-migrainous head-
ache days. Days with aura symptomatology lasting 5–
60 min were additionally labelled as aura days. Efficacy
of triptans was determined by comparing pre-dose
headache intensity to 2 h post-dose headache intensity.

Triptan intake was considered effective when a moder-

ate or severe pre-dose headache reduced to mild or no

pain 2 h post-dose.
Additionally, migraine days were determined based

on a duration criterion of at least 30 min to enable

comparison to the 4 h duration criterion.
Results regarding the efficacy of triptans, pain

coping and general wellbeing will be presented in

future publications.
Eventually, the total number of migraine days,

headache days, aura days and days with acute (head-

ache) medication use were calculated for the registered

months. These total numbers were reported to physi-

cians by presentation in the electronic patient records

together with a visualised summary of registered E-

diary data for each day; that is, detailed headache char-

acteristics, associated symptoms, aura symptoms,

intake of analgesics, intake of triptans, menstrual

bleeding, and change in preventive medication. Once

a week, a simplified visualised summary including

headache symptoms, intake of acute medication

and a general wellbeing score was reported to patients

by email.
Mean numbers of monthly migraine days, non-

migrainous headache days and days with acute medi-

cation use were calculated based on the total number of

invited E-diary days. Therefore, missing days were con-

sidered headache-free. An E-diary month was set at

28 days.

Self-reported outcomes

Self-reported estimates on mean numbers of monthly

migraine days, non-migrainous headache days and

days with acute medication use were extracted from

New patients referred
to Headache Clinic

N ��1300

n = 829
screen positives

are simultaneously
invited for both:

Extended E-migraine-questionnaire
(Self-reported frequency estimates)

n = 567

E-diary during at least one month with adherence of �80%
(Diary-based frequency outcomes)

n = 596

Visit at Headache Clinic

Patients with a confirmed
migraine diagnosis

n = 484

Self-reported frequency estimates

Diary-based frequency outcomes

Migraine patients with E-diaries and
self-reported estimates

n = 463

vs+

Screening E-headache-questionnaire

Figure 1. Visual representation of the study flow.
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the extended E-migraine questionnaire. The corre-
sponding questions asked for estimates per month
when looking at the past 3 months. Outcomes were
divided by 3 months when patients misunderstood the
question and reported estimates> 31 days per month.
Thereafter, estimates between 29 and 31 were con-
verted to 28 days, as these outcomes were compared
to diary-based results with a maximum of 28 days.

Data analysis and statistics

Descriptive statistics were used to present characteris-
tics of the selected headache population. Sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated as measures of
reliability of the two different migraine screening
approaches. Firstly, we compared the derived diagnosis
based on the combination of the screening E-headache
questionnaire and the E-diary to the physicians’ diag-
nosis as gold standard (Figure 2, option 1). Secondly,
we compared the derived diagnosis based on the com-
bination of the screening E-headache questionnaire, the
E-diary and the extended E-migraine questionnaire to
the physicians’ diagnosis as gold standard (Figure 2,
option 2). To fulfill the migraine screening criteria of
option 2, both the E-diary and the extended E-migraine
questionnaire had to indicate a migraine diagnosis.
Similar screening approaches were used to assess the
reliability of aura diagnoses.

Mean differences and absolute mean differences
were calculated to compare self-reported outcomes
and diary-based outcomes (i.e. number of monthly
migraine days, non-migrainous headache days, and
days with acute medication use). The absolute differ-
ence was calculated by absolute (abs) (self-reported
value – diary-based value) for each patient as self-
reported estimates were both higher and lower com-
pared to diary-based results, nullifying the mean

difference. Linear regression models were fitted to
investigate the relationship between self-reported out-
comes and diary-based outcomes. In addition, Bland-
Altman plots were constructed including a linear
regression line to evaluate the agreement between
self-reported outcomes and diary-based outcomes. No
covariates were included because no variables were
known or expected to be of influence on self-reported
frequency estimates or diary-based frequency results.
Lastly, the mean difference in number of monthly
migraine days based on two different criteria of head-
ache duration (at least 4 h vs. at least 30 min) was
calculated for patients with episodic and chronic
migraine. Chronic migraine was defined based on E-
diary data by a mean of � 15 headache days per
month, from which � 8 days had the features of a
migrainous headache and/or triptan intake. Two-
sided p-values< 0.05 were considered statistically sig-
nificant. All analyses were performed in R version 3.6.1
(https://www.r-project.org/).

Results

Participants

Of approximately 1300 new patients who were referred
to the Leiden Headache Clinic, a total of 829 screen-
positives on the E-headache questionnaire were invited
to complete the E-diary, of whom 596 started at least 1
month preceding their first consultation and adhered to
the E-diary for a minimum of 80% of the total regis-
tration period. Of these 596 patients with appropriate
E-diary registrations, 507 patients completed the
extended E-migraine questionnaire about the same
day as they started to complete E-diaries, 60 patients
completed the extended E-migraine questionnaire after
the start of E-diary registrations, and 29 did not com-
plete the extended E-migraine questionnaire. At the

Migraine screening option 1 (n = 596)

Migraine screening option 2 (n = 567)

Screening E-headache-questionnaire

Screening E-headache-questionnaire
E-diary during at least one month

+
Extended E-migraine-questionnaire

Gold standard:
Dlagnosis by physician at the Headache Clinic

E-diary during at least one month
Gold standard:

Diagnosis by physician at the Headache Clinic

Figure 2. Flow chart of the two options for migraine screening approaches.
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Headache Clinic, 484 headache patients were diag-
nosed with migraine by a physician (Figure 1). Only
14 of the screen-negative patients started E-diary regis-
trations after their first consultation, and therefore,
appeared to be wrongly screened as non-migraine
patient based on the screening E-headache question-
naire. Baseline characteristics of the included popula-
tion are shown in Table 1. Main diagnoses made by
physicians consisted mostly of migraine (81%, of which
39% experienced auras), followed by tension-type
headache (8%) and cluster headache (3%). Of the
484 patients with migraine, 154 met the criteria of
chronic migraine based on E-diary data. The mean
number of completed E-diary days preceding first con-
sultations at the Headache Clinic was 57.8, reflecting a
mean E-diary adherence of 96%.

Diagnostic aspects

The migraine screening approach consisting of the
combination of the screening E-headache questionnaire
and our E-diary (Figure 2, option 1) revealed a sensi-
tivity of 98%, specificity of 17%, PPV of 84% and
NPV of 68% for migraine (Table 2). The approach
including the combination of the screening E-headache
questionnaire, the E-diary and the extended E-migraine
questionnaire (Figure 2, option 2) resulted in a sensi-
tivity of 79%, specificity of 69%, PPV of 92% and
NPV of 43% for migraine (Table 2). Similar screening
approaches were used to assess reliability of aura diag-
noses. Option 1 resulted in a sensitivity of 60%, specif-
icity of 78%, PPV of 58% and NPV of 80%. Option 2
revealed a sensitivity of 39%, specificity of 98%, PPV
of 84% and NPV of 83% (Table 2).

Frequency estimates

Crude data on mean self-reported and diary-based out-
comes regarding monthly migraine days, non-
migrainous headache days and days with acute

medication use, including mean differences and abso-
lute mean differences, are shown in Table 3. The abso-
lute mean difference for monthly migraine days was
4.7� 5.0, meaning that self-estimated numbers of
monthly migraine days were on average 4.7 days
lower or higher compared to diary-based numbers.
Similarly, self-estimated monthly non-migrainous
headache days and days with acute medication use
were on average 6.2 days and 4.3 days lower or
higher compared to diary-based numbers.

Linear regressions were calculated to assess the cor-
relation between diary-based outcomes and self-
reported outcomes. Scatter plots and Bland-Altman
plots including linear regression lines for the three out-
comes are presented in Figure 3. The majority of data
points on the three scatter plots are located far away
from the fitted regression lines, resulting in low corre-
lation coefficients, which indicates a weak linear rela-
tionship between self-reported and diary-based
outcomes. For monthly migraine days, a correlation
coefficient of r¼ 0.44 (95% CI: 0.36–0.51, p< 0.001)
was observed, indicating a low positive correlation.
Similar results were found for monthly
non-migrainous headache days (r¼ 0.47, 95% CI:
0.40–0.54, p< 0.001) and for monthly days with acute
medication use (r¼ 0.50, 95% CI: 0.43–0.57,
p< 0.001). The linear regression models showed wide
95% prediction intervals, implying that a future indi-
vidual observation is predicted to fall within a large
range of values. The three Bland-Altman plots
showed wide ranges of agreement within which 95%
of the differences between self-reported and diary-
based measurements are located, indicating large dis-
crepancy between the outcomes. When comparing
linear regression lines to reference lines (x¼ y) and to
equality lines (mean difference¼ 0), we carefully sug-
gest that numbers of objectively diary-based monthly
migraine days and days with acute medication use were
underestimated when less than 8 days per month were

Table 1. Baseline characteristics of included headache population.

Headache population (n = 596)

Age, years, mean (SD) 44.8 (13.6)

Female sex, n (%) 484 (81)

Main diagnosis by physician at headache clinic

Migraine, n (%) 484 (81)

Without aura, n (%) 297 (61)

With aura, n (%) 187 (39)

Tension-type headache, n (%) 45 (8)

Cluster headache, n (%) 20 (3)

Chronic daily persistent headache, n (%) 7 (1)

Other headache or no conclusion, n (%) 40 (7)

Number of invited E-diary days, mean (SD) 60.1 (24.8)

Number of completed E-diary days, mean (SD) 57.8 (23.1)

van Casteren et al. 1165



reported and overestimated when more than 8 days per

month were reported. The number of monthly non-

migrainous headache days seemed to be overestimated

when more than 4 days per month were reported.

Migraine day duration criterion

The number of mean monthly migraine days calculated
based on the 30 min criterion on headache duration

Table 2. Cross tables regarding the validation of migraine (with and without aura) and aura symptoms separately, based on two
screening approaches.

Gold standard

+ -

+ 118 87 205Op�on 1

- 79 312 391

197 399 596

Gold standard

+ -

+ 475 93 568Op�on 1

- 9 19 28

484 112 596

Sensi�vity: 475/484 = 0.98

Specificity: 19/112   = 0.17

PPV: 475/568 = 0.84

NPV: 19/28     = 0.68

Sensi�vity: 118/197 = 0.60

Specificity: 312/399 = 0.78

PPV: 118/205 = 0.58

NPV: 312/391 = 0.80

Gold standard

+ -

+ 54 10 64Op�on 2

- 85 418 503

139 428 567

Gold standard

+ -

+ 366 33 399Op�on 2

- 95 73 168

461 106 567

Sensi�vity: 54/139 = 0.39

Specificity: 418/428 = 0.98

PPV: 54/64 = 0.84

NPV: 418/503 = 0.83

Sensi�vity: 366/461 = 0.79

Specificity: 73/106 = 0.69

PPV: 366/399 = 0.92

NPV: 73/168 = 0.43

Gold standard: Diagnosis by physician at headache clinic. Option 1: Screening E-headache questionnaireþ E-diary. Option 2: Screening E-headache

questionnaireþ E-diaryþ extended E-migraine questionnaire. PPV: Positive predictive value. NPV: Negative predictive value. For the first approach 596

headache patients were suitable to be included. The number of included patients for the second approach was 567 due to missing extended migraine

questionnaires.

Table 3. Crude data on self-reported and diary-based outcomes.

Self-reported Diary-based Mean difference Absolute mean difference

Migraine days/month (mean� SD) 9.9� 7.0 9.0� 5.8 0.9� 6.8 4.7� 5.0

Non-migrainous headache days/month (mean� SD) 9.2� 9.3 5.2� 5.0 3.9� 8.2 6.2� 6.6

Days with acute medication use/month (mean� SD) 9.4� 7.1 8.6� 5.5 0.8� 6.4 4.3� 4.8

Absolute difference was calculated by abs(self-reported value – diary-based value) for each patient as self-reported estimates were both higher and

lower compared to diary-based outcomes, nullifying the mean difference.

1166 Cephalalgia 41(11–12)
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Figure 3. Scatter plots (1A, 2A, 3A) and Bland-Altman plots (1B, 2B, 3B) including regression lines for the comparison of self-
reported outcomes and diary-based outcomes, respectively number of monthly migraine days (1), non-migrainous headache days (2)
and days with acute medication use (3).
Scatter plots (1A, 2A, 3A): Blue line¼ linear regression; black line¼ reference (x¼ y); interval in grey¼ 95% confidence interval;
interval between red dotted lines¼ 95% prediction interval. Bland-Altman plots (1B, 2B, 3B): Blue line¼ linear regression; black
line¼ equality (mean difference¼ 0); black dotted lines¼ limits of agreement from �1.96sd to þ1.96sd.
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was 0.5 days higher in patients with episodic migraine
(95% CI: 0.3–0.6) and 0.7 days higher in patients with

chronic migraine (95% CI: 0.4-0.9) compared to calcu-
lations based on the 4 h criterion.

Discussion

In this study we introduced our self-developed time-
locked E-diary including an automated algorithm dif-

ferentiating headache and migraine days based on
detailed characteristics according to ICHD-3 criteria.
A new era of telemedicine is emerging, in which a diag-

nosis has already been made prior to a consultation at
the Headache Clinic. Making clinical decisions based
on information from patients’ memory is not recom-
mended since patients have been shown to unreliably

recall migraine-related frequencies. The same high
standard as for clinical trials should apply to clinical
practice regarding reliability of data, as important deci-

sions are made based on clinical outcome parameters.
We determined the reliability of two migraine

screening approaches, including our E-diary, mainly

focusing on sensitivity and specificity since these are
considered characteristics of the tests and are less
affected by the prevalence of the outcome. Both

approaches were shown to be useful in screening for
migraine. The first approach, consisting of the screen-
ing E-headache questionnaire combined with the
E-diary is suitable when all true patients with migraine

need to be identified and the additional identification
of false positives is acceptable. The low specificity may
partly be explained by patients who are convinced of

having migraine but for whom an official diagnosis has
never been made. Since these headache patients prob-
ably have more knowledge on symptomatology of
migraine, they may be more likely to report these

symptoms. The second approach, in which additionally
another previously validated extended E-migraine
questionnaire is included, appeared to be suitable

when only patients with migraine needed to be identi-
fied and missing some patients with migraine was not
problematic. Therefore, a specific approach could be
chosen depending on the aim of the screening. Both

screening approaches showed a high specificity in diag-
nosing auras, indicating that they are able to identify
mainly true-positive patients. However, patients with
auras could be missed due to lower sensitivity of the

screening approaches. This shows that using E-tools
for aura diagnoses will likely always remain a challenge
and will never completely match up to a direct clinical

interview, even though we showed examples of images
of visual auras in our E-tools. Our findings apply to

headache patients referred to a neurology practice.
When the screening approaches are to be implemented
in a general practitioner population, PPV may be lower
and NPV higher. Although sensitivity and specificity
are often considered test characteristics, they may
vary in a different mix of patients (spectrum or case-
mix bias).

In clinical practice, we would recommend using the
second approach as a tool to screen for a migraine
diagnosis because this will mainly identify true patients
with migraine, which enables physicians to appropri-
ately prepare for consultations. Missing some patients
with migraine will not have major consequences since
the correct diagnosis still will be made by the physician.
When missing some patients with migraine could result
in undiagnosed patients, it would be more appropriate
to use the first approach, which prevents patients with
migraine from missing out on an appropriate migraine
treatment. When a migraine diagnosis has already been
established by a neurologist or general practitioner, the
E-diary may be used for clinical follow-up without
completion of additional E-questionnaires. For
research purposes, we would recommend to use the
second approach to identify patients with migraine
who could be included in migraine specific clinical
trials. Our E-diary is different from a recently pub-
lished E-diary study, which evaluated the accuracy of
an automated tool for the classification of headache
attacks. A substantial level of agreement (kappa 0.74)
was found in the classification of 102 attacks as
migraine (with or without aura) or tension-type head-
ache by a neurologist with specialisation in headache
and the algorithm (11). Their classification tool could
not be used for diagnostic screening since only single
attacks were classified. Additionally, the classification
of auras was based on self-reported aura symptomatol-
ogy as no characteristics and duration criterion were
incorporated in the E-diary.

Most importantly, the need for E-diaries to obtain
reliable information was emphasised in our study as
patients did not reliably recall migraine-related fre-
quency numbers. Monthly migraine days and days
with acute medication use were tended to be underesti-
mated in case of< 8 self-reported migraine days and
overestimated in case of high frequency (> 8) self-
reported migraine days. Another recently published
study using E-diary data from a dietary intervention
trial with 182 participants concluded that patients
with migraine may underestimate headache frequency
based on retrospective estimation (12), whereas our
patients mainly overestimated non-migrainous head-
ache days and underestimated migraine days up to
8 self-reported days.
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Patients with migraine underestimating their acute
medication intake might have major consequences for
diagnosing and treating medication-overuse headache.
The automatic calculation of monthly total numbers of
days with use of analgesics, use of triptans, and use of a
combination of both will enable us to perform research
on medication-overuse (headache) in the future.
Furthermore, with the upcoming new prophylactic
treatments it may be that health-care insurance compa-
nies will require information on effectiveness to reim-
burse these prophylactic treatments. Therefore, reliable
data are necessary for making the decision on whether
to stop or continue medication. Nevertheless, treating
physicians should continue to pay attention to the sub-
jective assessment of a patient’s satisfaction during
consultation. Information on general wellbeing and
coping, as incorporated in our E-diary, could be help-
ful in shared decision making.

Missing E-diary days were considered headache-
free, which is expected to have a negligible influence
on numbers of monthly migraine days since mean E-
diary adherence was 96% in the selected population. In
addition, patients report that they are more likely to
register days with headache than days without
headache.

We also calculated monthly migraine days based on
different duration criteria (30 min vs. 4 h). The similar-
ity between the calculated monthly migraine days can
be explained by the intake of triptans because most
patients with migraine (n¼ 341) used triptans and all
days with headache for which a triptan was taken were
interpreted as migraine days independent of headache
duration or other characteristics. However, the seem-
ingly small differences may have scientific relevance as
various criteria (e.g. 4 h, 2 h, 30 min) are currently used
in outcome measures of randomised clinical trials. In
these prophylactic treatment trials, differences in
decrease of mean monthly migraine days between
active drugs and placebo treatments are approximately
between �1 and �4 days/month (13–17). Therefore,
researchers should be aware of the consequence of a
chosen criterion on headache duration when defining
migraine days both in clinical trials and clinical practice
when following patients and assess efficacy of
therapies.

Our study has some limitations. Physicians were
given insight into the registered E-diary data before
diagnosing, which may have affected their diagnosis.
However, this insight has never stopped them from
making different diagnoses based on the interpretation
of complete clinical interviews and physical and neuro-
logical examinations, and diagnoses were made in

consultation with a headache specialist or by headache

specialists themselves who were unaware of the E-diag-

noses. In patients with a lifetime migraine with aura

diagnosis, but with low frequency auras, a diary-

based aura diagnosis could have been missed, resulting

in an underestimation of the sensitivity of the screening

approaches. Lastly, self-reported migraine-related fre-

quency estimates preferably would have been collected

at the end of the period with E-diary registrations, since

it can be expected that the estimation would have been

most accurate at that time point. In addition, the

screening E-headache questionnaire asks about mean

migraine-related frequency estimates per month when

looking at the past 3 months, whereas the mean month-

ly E-diary estimates were calculated based on an aver-

age duration of approximately 2 months. However, in

the earlier mentioned dietary intervention trial, concor-

dance between the number of headache days based on

an E-diary and retrospective recall questionnaires was

assessed on a monthly basis during 4 months, which

only showed a mild increase in concordance over time

(12). This finding suggests that specifying a limited and

more recent period does not significantly affect the

degree of recall bias.
The recent experience in using our E-diary showed

usefulness in clinical follow-up and evaluation of effec-

tiveness of migraine treatments. Its use has become

common practice at the Headache Clinic, to which

physicians adjust their treatment strategies. In addi-

tion, it enables physicians and patients to prepare for

consultations. In patients with migraine, its use may

potentially improve understanding of their own disease

as they are given insight into the course of symptoms

over time. This is also why patients at our Headache

Clinic appreciate the E-diary. The E-diary has been

implemented in our investigated-initiated clinical

trials and real-life-data collection of new treatments

and offers opportunities for (ad hoc) research and tele-

medicine. During the recent COVID-19 outbreak, we

were able to assess the effect of Dutch intelligent lock-

down measures on migraine-related outcomes (18).

More importantly, we were able to start and/or contin-

ue consultations with our patients by visualising E-

questionnaires and E-diary data in the electronic

patient records during video consultation. E-diaries

added to E-questionnaires for headache using automat-

ed algorithms can thus be helpful in telemedicine. In

the future, new research questions and/or clinical out-

come measures can easily be implemented since we

have developed a flexible E-diary. A new era begins

for headache care.
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Clinical implications

• A new era of telemedicine is emerging, which increases the need for a similar high standard in clinical
practice as in clinical trials regarding the reliability of data.

• E-diaries need to include detailed headache characteristics to be able to differentiate between headache and
migraine days.

• The use of E-diaries in clinical practice should be encouraged, since patients with migraine do not reliably
recall migraine-related frequencies.
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