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diagnoses
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Abstract

Background: Diagnosing headache disorders comprises the collection and interpretation of information. This study
estimates agreement and bias in the latter.

Methods: Physicians and medical students diagnosed eight patients’ headaches using the International Classification of
Headache Disorders. We calculated Cohen’s Kappa for all participants and subgroups (board-certified neurologists,
physicians working in a neurology department). Moreover, we asked how sure they felt about their diagnoses. Finally,
participants estimated the number of different headache diagnoses a patient receives when consulting many physicians for
the same headache and indicated the highest acceptable number.

Results: The data of 63 participants entered the analysis, of whom 18 were neurologists (18/63, 28.6%), and 41 were
currently working at a neurology clinic (41/63, 66.7%). Cohen’s Kappa decreased (0.706, 0.566, and 0.408) with increasing
levels of the classification hierarchy. Interrater agreement was highest among neurologists. Physicians not working in a
neurology clinic tended to diagnose secondary headaches more often were less confident about their diagnoses.

Conclusions: Physicians with less experience in headache disorders struggle more to diagnose headaches than neu-
rologists do; they suspect secondary headaches, disagree, and feel insecure more often. Thus, interpreting a headache
history is prone to error and bias.

Keywords
diagnosis, headache classification, interrater reliability, noise, primary headache, secondary headache

Date received: 16 March 2022; Received revised June 30, 2022; accepted: 3 July 2022

Introduction

Assessing headaches is not easy. Many patients treated in

an emergency department do not receive one specific diag-

nosis.1 In addition, patients with cluster headache often

receive several different diagnoses from different practi-

tioners before the correct one.2 Thus, the diagnoses vary

and ‘scatter’ around the ‘true diagnosis’. However, assum-

ing there is only one correct headache diagnosis, all dis-

agreement is unwanted and implies an error. Whether these

variations are due to differing approaches to data collec-

tion, interpretation, or both is unknown.

The International Headache Classification provides an

operational definition for all headache disorders but, in addi-

tion, requires other diagnoses not to explain the patient’s

symptoms any better.3 Thus, due to this latter restriction,

diagnoses are not made by just ticking off diagnostic criteria

but also require non-standardised interpretation of the avail-

able information. Diagnosing headache disorders requires a

two-step approach that comprises the collection and inter-

pretation of information. This study focuses on the latter.
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We aim to estimate agreement and bias in participants’

interpretation of different headache histories. Notably, this

study does not seek to assess whether the diagnoses are

correct.

Methods

Study design

In preparation of the study, the authors of this article cre-

ated eight case vignettes of different headache disorders

(four primary headache disorders, three secondary head-

ache disorders, one facial pain). Half of the cases were set

up in the emergency room and half of them in the outpatient

clinic. In the latter case, most patients had already received

additional examinations.

Moreover, the case vignettes contained no pitfalls or

‘red herrings’ intended to set the participants on the wrong

track. On the contrary, each case contained all information

necessary to make one headache diagnosis according to the

third edition of the International Classification of Headache

Disorders (ICHD-3).3 Please find the questionnaire pro-

vided as supplementary materials.

Having provided their informed consent, we first asked

all participants to estimate the average number of diagnoses

headache patients would receive if they were to consult a

large number of physicians and to report the highest num-

ber of diagnoses they would deem acceptable for one single

headache.

Next, the participants read and diagnosed the cases.

Firstly, they classified the pain as primary or secondary

headache or facial pain. Then, in two subsequent questions,

they assigned the headache to a category and a subcategory

of the ICHD-3. Along with each case, we provided a link to

the International Headache Classification and encouraged

the participants to look up any diagnosis as needed. Next, the

participants indicated how sure they felt about the correct-

ness of the assigned diagnosis.

Moreover, participants also indicated their age, sex, pro-

fessional situation (medical student, assistant doctor, special-

ist, or other), specialisation, working experience (in years) and

the average number of headache patients they usually treat

(daily, more than once weekly, once weekly, at least once per

month but not weekly, less than once per month, never).

Recruitment procedure and inclusion criteria

We included German-speaking physicians and medical stu-

dents and recruited them through flyers, e-mails, and per-

sonal contacts. All participants enrolled explicitly for this

research project from September 2021 to March 2022; we

did not use their data in any other study.

We had not aimed for a specific number of participants,

as no preliminary data had been available allowing power

calculations. Hence, the available data determine the

sample size.

Ethical clearance

As participation was anonymous, the study did not

require ethical approval according to Swiss legislation and

received a waiver from the local ethics committee (REQ-

2021-00802).

Data analysis

First, we report the participants’ beliefs regarding the aver-

age number of diagnoses a headache patient receives con-

sulting many doctors and the highest acceptable number of

different diagnoses for one headache as averages and stan-

dard deviations. Then, we used the Mann-Whitney U test to

estimate the influence of binary variables and Spearman’s

Rho to assess the correlation of continuous and ordinal

variables with these estimates.

Second, we analysed interrater agreement with Cohen’s

Kappa. As this method only calculates agreement for two

individuals but not for a large collective, we calculated

Cohen’s Kappa for all possible pairs of participants and

then took the arithmetic mean of the resulting values as

Hallgren suggested.4 We repeated this analysis for the fol-

lowing subgroups of the participants: physicians working

in a neurology department, board-certified neurologists,

and participants treating headache patients at least once per

week. We interpreted the strength of agreement according

to Landis and Koch. A Cohen’s Kappa <0.00 implies ‘poor

agreement’, 0.00 to 0.20 ‘slight agreement’, 0.21 to 0.40

‘fair agreement’, 0.41 to 0.60 ‘moderate agreement’, 0.61

to 0.80 ‘substantial agreement’, and 0.81 to 1.00 ‘almost

perfect agreement’.5

Furthermore, we analysed the participants’ ratings

regarding how sure they were about their diagnoses. Again,

we used the Mann-Whitney U test to assess the influence of

dichotomous variables on these ordinal ratings.

Next, we analysed whether subgroups of the participants

were biased towards a part of the classification (i.e., pri-

mary or secondary headaches and facial pain) calculating

odds ratios.

Lastly, we analysed the proportion of missing values for

each case vignette.

With the significance level set at 0.05, we performed the

statistical analysis using IBM SPSS version 26; missing

values were not imputed.

Data availability

The data collected for this study are available from the

corresponding author upon reasonable request.

Results

Sixty-nine individuals participated in the survey, of whom

two did not meet the inclusion criteria because they had

indicated being neither physicians nor medical students. In

addition, we excluded four respondents, as the provided
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incomplete information precluded the validation of the

inclusion criteria.

The data of the remaining 63 participants entered further

analysis. They had an average age of 37 + 10 years (range

24 to 62; 1 missing value), and 9 + 10 years (range 0 to 37)

of working experience. Thirty-three were female (33/63,

52.4%), 29 were male (29/63, 46.0%), and 1 identified as

non-binary (1/63, 1.6%). Only 39 participants answered all

questions (39/63, 61.9%); we used the available data for

our analyses.

About half of the participants were assistant doctors, i.e.

they had not completed their specialisation yet (31/63,

49.2%); 18 were board-certified neurologists (18/63,

28.6%), and 6 were medical students (6/63, 9.5%). Most

of the participants were currently working at a neurology

clinic (41/63, 66.7%).

More than half of the participants treated headache

patients at least once weekly (36/63, 57.1%) and four of

them even daily (4/63, 6.3%); only eight participants indi-

cated never attending to headache patients (8/63, 12.7%).

On average, the participants estimated that patients

received 5 + 3 different diagnoses (range 1 to 15) if they

consulted a vast number of physicians for the same head-

ache. The duration of professional experience, the age of

the respondents and the number of headache consultations

did not influence this estimate (p ¼ 0.850, p ¼ 0.581,

p ¼ 0.956, respectively). However, participants working at

a neurology clinic (4 + 2 vs 6 + 3 diagnoses, p ¼ 0.007),

and board-certified neurologists expected the number to be

lower than other participants did (4 + 2 vs 5 + 3 diagnoses,

p ¼ 0.017).

The participants deemed 2 + 1 diagnoses (range 1 to 5)

for one headache disorder acceptable. Again, the duration

of professional experience, the age of the respondents and

the number of headache consultations did not influence this

estimate (p ¼ 0.199, p ¼ 0.172, p ¼ 0.152, respectively).

Likewise, the estimates of participants working in a neurol-

ogy clinic and board-certified neurologists did not differ

statistically significantly from other participants (p ¼ 0.333,

and p ¼ 0.440, respectively).

On average, the assigned diagnoses fell into 2 + 1

different parts of the classification (e.g., ‘part 1, the pri-

mary headaches’), 5 + 1 categories (e.g., ‘1. Migraine’,

‘3. Trigeminal Autonomic Headache’), and 8 + 1 subca-

tegories (e.g., ‘1.3 Chronic Migraine’, ‘3.1 Cluster

Headache’).

Table 1 summarises Cohen’s Kappa for all participants,

including subgroups across all case vignettes.

When participants reported how sure they were about

their diagnoses, the most commonly given answer was ‘rel-

atively sure’ (150/329, 45.6%; if all participants had

answered all questions, then 8*63 ¼ 504 ratings would

have been provided; thus, 175/504 ¼ 34.7% answers were

missing). Participants working in a neurology clinic

(p < 0.001), board-certified neurologists (p < 0.001), and

those attending to at least one headache patient per week

(p¼ 0.026) were more confident about their diagnoses than

those not in that group. Figure 1 depicts the frequencies of

the participants’ ratings.

Next, we studied whether specific subgroups were

biased towards one part of the classification. Table 2 sum-

marises the results.

Finally, we analysed the patterns of missing values. The

proportion of participants who did not respond was 9.5%
(6/63) in the first case, 28.6% (18/63) in the second, 33.3%
(31/63) in the third and fourth, 36.5% (23/63) in the fifth,

and 38.1% (24/63) in the remaining vignettes.

Discussion

This study analysed how the medical speciality and expe-

rience in treating headache patients affects interrater

agreement about and bias towards specific headache diag-

noses. Our main findings are that neurologists and resi-

dent physicians working in a neurology clinic generally

agree well about their headache diagnoses and feel rela-

tively sure about them. Other physicians, however, agreed

less, felt less sure, and – perhaps consequently – tended to

diagnose secondary headaches more often than other

respondents.

The participants estimated that a patient who consults

many different physicians for the same headache would

receive five different diagnoses. This number seems

to reflect the reality of patients with cluster headache

remarkably well, as one study reported them to receive

an average of 3.9 different diagnoses before the correct

one.2 Of course, the number of different diagnoses is likely

Table 1. Interrater agreement measured with Cohen’s kappa for all participants and different subgroups regarding the part of third
edition of the International Classification of Headache Disorders (e.g., primary headache, secondary headache), the category (e.g.,
migraine, trigeminal autonomic headache), and the subcategory (e.g., chronic migraine, cluster headache).

Participants
Interrater agreement

about the part
Interrater agreement
about the category

Interrater agreement
about the subcategory

Working in a neurology clinic 0.784 0.674 0.585
Board-certified neurologists 0.931 0.798 0.673
Attending to headache patients at least once weekly 0.658 0.512 0.412
All 0.706 0.566 0.408

The bold-faced values indicate the interrater agreement of all participants.
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smaller in patients with migraine and tension type

headache.

The number of diagnoses that our participants estimated

indicates that they consider diagnosing headaches challen-

ging and prone to error. Interestingly, neurologists

expected this number to be lower, suggesting that diagnos-

ing headaches feels less difficult for them.

In our study, the participants assigned the case vignettes

on average to five different categories of the ICHD-3. (The

classification lists several categories, e.g. ‘Migraine’ and
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Figure 1. Bar diagram indicating how sure the participants felt about their diagnoses. The respondents provided one rating for each
case; the diagrams lump together all their replies. The y-axis indicates the number of ratings per category. Of 504 possible ratings, 175
were missing. (a) depicts how sure all participants felt about their diagnoses. (b) compares participants working in a neurology clinic
with those working in another speciality. (c) compares board certified neurologists with all other participants. (d) compares physicians
attending to at least one headache patient per week with those who treat headache patients less frequently.

Table 2. The odds ratios indicate whether members of the subgroup indicated in the first column were more prone to diagnosing
primary or secondary headache disorders or facial pain compared with other respondents not falling into these categories. An odds
ratio >1 indicates that respondents in the subgroup indicated in the first column were more likely than others to diagnose a primary or
secondary headache or facial pain.

Participant
Probability of diagnosing
a primary headache

Probability of diagnosing
a secondary headache

Probability of diagnosing
facial pain

Working in a neurology clinic OR ¼ 1.30395% CI: 0.826–
2.056p ¼ 0.298

OR ¼ 0.66595% CI: 0.420–
1.051p ¼ 0.100

OR ¼ 1.47195% CI: 0.667–
3.244p ¼ 0.450

Board-certified neurologists OR ¼ 1.17895% CI: 0.741–
1.872p ¼ 0.555

OR ¼ 0.78295% CI: 0.486–
1.258p ¼ 0.339

OR ¼ 1.20695% CI: 0.578–
2.515p ¼ 0.700

Attending to headache patients at
least once weekly

OR ¼ 1.03895% CI: 0.666–
1.619p ¼ 0.910

OR ¼ 0.88595% CI: 0.565–
1.387p ¼ 0.646

OR ¼ 1.25195% CI: 0.593–
2.640p ¼ 0.712
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‘Trigeminal Autonomic Headache’.) Thus, the estimate

that headache patients receive an average of five different

diagnoses when consulting many physicians seems accu-

rate. However, we had not asked the participants to take the

history but only to interpret it, and the former may be

equally or more prone to error. Therefore, the number of

different diagnoses would likely have been even higher if

they had taken the history themselves. While this may be

due to the high number of physicians diagnosing the same

headache, it might also imply that this study reflects reality

only to a certain degree (see limitations).

According to the participants, the highest acceptable

number of different headache diagnoses for one type of

headache was two. Since most headache diagnoses are

mutually exclusive,3 the highest desirable number of diag-

noses would be, of course, one. The participants’ estimates

support the hypothesis of them perceiving ambiguity as

inherent in headache disorders. However, perhaps, the par-

ticipants also considered that some patients sometimes

have two headache disorders at the same time, e.g. a pri-

mary headache and a medication overuse headache.

The overall interrater agreement was ‘substantial’

regarding the ‘part’ of the headache classification (i.e.,

‘part 1, primary headache’, ‘part 2, secondary headache’,

and ‘part 3, facial pain’) and ‘moderate’ regarding the cate-

gory and subcategory according to the graduation of Landis

and Koch.5 This finding is particularly meaningful because

correctly classifying headaches as primary and secondary is

vital given the momentous potential consequences of mis-

taking. One must bear in mind that the classification does

not help make that distinction; primary and secondary

headaches are discerned implicitly by making a headache

diagnosis.

Classifying the headaches into a category or a subcate-

gory of the classification was more difficult. The overall

interrater agreement dropped considerably; solely board-

certified neurologists maintained relatively favourable

Kappa values similar to a previous study.6 To our surprise,

respondents reporting treating patients at least once per

week had a relatively low interrater agreement. We con-

clude that experience in treating headache patients cannot

replace training for making a headache diagnosis.

Because of the sheer number of persons experiencing

headache attacks each year7 who will certainly not all seek

a neurologist’s advice, these numbers must give us pause

(see Table 1). If chance substantially influences diagnoses

made by non-neurologists, then the classification is less

helpful in their hands. Since ‘Red Flags’ have their weak-

nesses, too,8 making a correct headache diagnosis may rely

more on chance than we ought to accept. Consequently, all

physicians should acquire expertise in diagnosing and treat-

ing headache disorders.

The analysis of how sure the participants were about

their diagnoses (see Figure 1) indicates that neurologists

felt, generally, more confident than others. Thus, partici-

pants who are not experienced in or not educated about

treating headaches are well aware of their shortcomings.

Consequently, the high number of unnecessary imaging

studies ordered for headache patients may be due to felt

insecurity.9,10 After all, additional examinations may do

more to reduce physicians’ anxiety than that of patients.11

We also assessed whether physicians working in a neu-

rology clinic, board-certified neurologists, and physicians

treating headaches at least once weekly were biased

towards primary and secondary headaches or facial pain

compared with participants not falling into these categories

(see Table 2). Although none of our findings was statisti-

cally significant, all calculated odds ratios pointed in the

same direction and may therefore be meaningful,

nonetheless.

Physicians working in a neurology clinic, board-

certified neurologists, or physicians treating headache

patients were, generally, less likely to suspect a secondary

headache disorder. Conversely, less experienced partici-

pants suspected secondary headaches more frequently. Per-

haps they attempt to prevent missing a secondary headache,

as it might potentially lead to negative consequences

quickly because they feel less secure about their diagnoses

(see above). Finally, the bias towards a secondary headache

might also be the result of learning and internalisation of

the prior probabilities of different working environments.

For example, secondary headaches are relatively rare in

tertiary headache centres,12,13 but occur more frequently

in emergency departments or general practitioners’

practices.14,15

Limitations

The artificial situation we set up to gain these insights may

somewhat limit the study’s value. Perhaps many partici-

pating physicians did not take diagnosing the invented

patients as seriously as they would have in actual patients.

The analysis of missing values indicates that many parti-

cipants quit the survey early and thus supports this suspi-

cion. Thus, we may have underestimated the interrater

agreement.

On the other hand, many participants may rarely have a

complete headache history and the results of additional

examinations at their disposal when making a diagnosis;

in daily practice, patients may struggle to provide all

necessary information, especially under time pressure.

In addition, several case vignettes were probably less

most complex than most patients that physicians are con-

fronted with in daily work. Thus, this study might also

overestimate interrater agreement. Moreover, neurolo-

gists might immediately have recognised which diagnoses

we had in mind when creating the case vignettes and

might have quickly chosen the apparent answer. Hence,

we could have overestimated the agreement of specific

subgroups.

Finally, of course our convenience sample is unlikely to

be representative of all physicians.

Neumeier et al. 5



Conclusion

Neurologists generally agree well on headache diagnoses.

However, physicians less experienced in treating head-

aches frequently struggle; they disagree and feel insecure

about their diagnoses more often. Thus, taking a headache

history is not the only difficulty in making a headache

diagnosis – interpreting the collected information is also

prone to error.

Despite all its undisputed strengths, the international

headache classification does not support classifying a head-

ache disorder to infrequent users. However, as neurologists

are not the only ones confronted with headache patients, an

additional and user-friendly decision tree may be warranted

to guide through the diagnostic process, reduce uncertainty,

and increase agreement.
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