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List of abbreviations

AA Alopecia Areata

BMI Body Mass Index

CKD Chronic Kidney Disease stage 3-5

COPD Chronic Obstructive Pulmonary Disorder
HR Hazard Ratio

IMD Index of Multiple Deprivation

NIHR National Institute for Health Research
OR Odds Ratio

RA Rheumatoid Arthritis

RCGP RSC Royal College of General Practitioners Research and Surveillance Centre
SD Standard Deviation

SES Socio-Economic Status

SLE Systemic Lupus Erythematosus

SSRI Selective Serotonin Reuptake Inhibitor
T1DM Type 1 Diabetes

T2DM Type 2 Diabetes



1. Introduction

1.1 Background

Alopecia areata (AA) is a common cause of immune-mediated, non-scarring hair loss. (1)
Clinical presentations of AA are heterogeneous, ranging from well-demarcated patches of
hair loss on the scalp to total loss of hair on the scalp (alopecia areata totalis) or entire scalp
and body (alopecia areata universalis).(2) Active AA is estimated to affect approximately
0.1-0.2% (2, 3)of the population worldwide, with a lifetime risk of 1.0 -2.1%. (4-6)

Following the initial episode, the majority of those with limited patchy AA will experience
spontaneous remission, but over 80% will have subsequent relapses. (7) Spontaneous
remission has been reported to occur in less than 10% of those with extensive AA. (7) A
number of treatment options can induce hair growth in people with AA, but none have been
shown to have a durable impact on remission. (8)

AA has been associated with several autoimmune conditions supporting the theory of an
underlying autoimmune aetiology. (9, 10) Atopic conditions and mental health disorders
have also been demonstrated to be more common in people with AA, (9-11) although the
temporal relationship between psychiatric conditions and AA remains poorly researched.
(12) The association between AA and common infections is not well studied.

1.2. Purposes of analyses

This statistical analysis plan covers four related AA studies.

Study 1: Epidemiology of AA

Population studies in the USA using the Rochester Epidemiology Project database estimate
the lifetime risk of AA to be 2.1%. (4) The database contained information from all patients
registered with a healthcare provider in Olmstead County, Minnesota from 1990-2009.
Previous studies using this database from 1971-1974 estimated the overall prevalence of
AAtobe 0.1-0.2%, (13) with no published studies reporting prevalence estimates since this.
Other epidemiological studies have assessed the incidence of AA in patients referred to
dermatology services. Clinic-based studies from around the world have estimated the
incidence of AA to be in the region of 0.57-3.8%. (14-18)

Worldwide, the majority of studies on AA have not found a significant difference in
incidence between males and females. (5) AA onset occurs before the age of 40 in 82-86%
of cases. (5) To date, there have been no large population-based studies of AA epidemiology
in UK populations.

Study 2: Mental health comorbidities in patients with AA

It is well recognised by clinical experts in AA that the condition can have a profound
psychological impact and a possible comorbid burden of mental health conditions. A recent
USA cross-sectional database study comparing 5,605 patients with AA with matched
controls found a higher prevalence of mental health diagnoses in the AA group (32.8% vs
20.0%). (19) In particular, higher rates of depression (OR 2.18, 95%CI 1.80-2.63), anxiety
disorders (OR 2.46, 95%CI 1.91-3.16), attention-deficit disorders (OR 8.11, 95%CI 5.22-
12.59), adjustment disorders (OR 4.80, 95%CI 2.58-8.91) and obsessive compulsive
disorders (OR 4.95, 95%CI 1.59-15.35) were observed when compared with controls. (19)



These findings concur with previous work and a similar pattern is seen in other countries.
(20-23)

Recently a British study identified a bi-directional positive association between major
depressive disorder and AA. (24) In a sample of over 400,000 participants, major depressive
disorder was seen to increase the risk of incident AA by 90% [HR 1.90, 95%CI 1.67-2.15]
and AA was found to increase the risk of incident major depressive disorder by 34% [HR
1.34, 95%CI 1.23-1.46]. (24) The association of other common mental health conditions
with AA however was not assessed.

Study 3: Autoimmune and atopic conditions in people with AA

A central theory in AA pathogenesis is that it is an autoimmune phenomenon resulting from
a disruption of hair follicle ‘immune privilege, where numerous immunological
mechanisms fail to prevent cytotoxic immune attack on cells and antigens present at that
site. (25)

A number of studies have reported autoimmune conditions to occur more frequently in
those with AA than in the general population, however results are conflicting, and studies
have been limited by potential recruiting, recall and reporting biases. (26) A Taiwanese
retrospective cohort study found individuals with AA to have an overall increased risk of
developing an autoimmune condition when compared with matched controls (HR 1.86,
95%CI 1.32-2.63). In particular, greater risks of incident systemic lupus erythematosus
(SLE) (HR 5.02; 95%CI 2.08-12.51), psoriasis (HR 2.01; 95%CI 1.06-3.83) and rheumatoid
arthritis (RA) (HR 1.79; 95%CI 1.07-3.00) were observed. (27) There was no relationship
between AA and Hashimoto’s thyroiditis or type 1 diabetes (T1DM). A large USA cross-
sectional study of 3,658 individuals with AA, found that 14.6% had a diagnosis of thyroid
disease, 11.1% had T1DM, 4.3% had inflammatory bowel disease, 2.8% had vitligo and 6.3%
had psoriasis. (10) These figures were all higher than would be expected in the general
population. A recent systematic review and meta-analysis found AA to be significantly
associated with Graves’ Disease (OR 2.07, 95%CI 1.80-2.38) and Hashimoto’s Thyroiditis
(OR 2.15; 95%CI 1.71-2.72) but not with SLE, RA, Psoriasis or T1DM. (9)

There has also been interest in the prevalence of co-morbid atopy in patients with AA. The
prevalence of atopy in patients with AA has been reported to be in the range of 11-38.2%
(5) representing cohorts from the USA, India and Singapore. (10, 14, 28, 29) A large meta-
analysis found patients with AA had higher odds of having atopic dermatitis (OR 2.36;
95%CI 1.80-3.09) and allergic rhinitis (OR 1.33;95%CI 1.19-1.47) when compared with
controls. (9) Itis not however surprising from a pathogenesis perspective in terms of shared
pathways of autoimmune susceptibility; IL-13 loci have been associated with autoimmune
and atopic conditions, and a genome-wide association study established that IL-13 is also
susceptible loci for AA. (30)

Study 4: Common infections in people with AA

It has been hypothesized that infections may act as triggers for AA; with particular interest
in Helicobacter pylori, cytomegalovirus, Epstein-Barr virus, hepatitis B virus, hepatitis C
virus, and human immunodeficiency virus but others have also been suggested.(9, 31-38)
Some case reports has suggested improvement or resolution of AA with treatment of the
associated infection.(33, 39). However, early small-scale studies have failed to find
convincing evidence to support associations.(35, 36, 40)

Multiple genetic loci have been identified to be both protective from infection but increase
the risk for autoimmune disease.(41) Examples include the HLA variants HLA-DQZ2Z and
HLA-DQ8 which confer protection against viral infections including influenza but are



associated with inflammatory bowel disease, (42, 43) and SH2B3 rs3184504*A gene variant
protective against Escherichia coli infection but also detrimental for inflammatory bowel
disease.(44) These loci which, in the past have conferred a genetic advantage, may still
confer a reduced infection risk.(41) It is currently unclear if the genetic predisposition for
AA is caused by genetic factors which also confer protection against any common infections.
In other autoimmune conditions, infection risk is often increased as a result of the
pathological changes resulting from the condition itself, the effects of immune-modulatory
treatment, or through increased exposure to pathogens through healthcare contact.(45-51)
An understanding of the relative infection rates in people with AA compared to those
without is of particular importance with the emergence of Janus kinase inhibitors as a
potential treatment option.(52) Whilst this medication class can produce impressive hair
regrowth results even in long-standing, AA their use is associated with some increased
infection risk; in particular, urinary tract infections, viral gastroenteritis fungal infections,
and varicella zoster infection.(52)

2. Study objectives and endpoints

2.1 Study objectives

2.1.1 Study 1

The overall purpose of study 1 is to describe the epidemiology (incidence and prevalence)
of AA and to assess the current level of primary care service utilisation and management
patterns associated with people diagnosed with AA.

2.1.2 Study 2

The overall purpose of study 2 is to assess the prevalence and incidence of mental health
conditions (depressive episodes, recurrent depressive disorder and anxiety disorder) in
adult people diagnosed with AA relative to a control population of people without a
diagnosis of AA. In addition, the study will determine the treatment burden (medications
and psychological interventions used to treat mental health conditions), 'sick day' burden,
and unemployment burden of AA.

2.1.3 Study 3

The overall purpose of study 3 is to assess the prevalence and incidence of atopic and
autoimmune conditions in adult people diagnosed with AA relative to a control population
of people without AA.

2.1.4 Study 4

The overall purpose of study 4 is to assess the incidence of common infections in people
diagnosed with AA relative to a control population of people without AA.



2.2 Primary objectives

2.2.1 Study 1

2.2.1.17
Describe the epidemiology of AA: Incidence of AA over time and by age, sex, ethnicity, and

sociodemographic factors, and point prevalence by age and sex.

2.2.1.2

Describe current primary care service utilisation and management patterns in AA.

2.2.2 Study 2

2.2.2.1

Describe the prevalence of common mental health conditions (depressive episodes,
recurrent depressive disorder and anxiety disorder) in adult people diagnosed with AAin a
contemporary real-world population compared with matched controls without AA.

2.2.2.2

Describe the incidence of common mental health conditions (depressive episodes,
recurrent depressive disorder and anxiety disorder) in adult people diagnosed with AA in a
contemporary real-world population compared with matched controls in the first two years
after AA diagnosis.

2.2.2.3
Describe the mental health treatment burden of adult people diagnosed with AA.

2.2.3 Study 3

2.2.3.1

Describe the prevalence of atopic and autoimmune conditions in adult people diagnosed
with AA in a contemporary real-world population at diagnosis compared with matched
controls without AA.

2.2.3.2

Describe the incidence of atopic and autoimmune conditions in adult people with AA in a
contemporary real-world population compared with matched controls in the first five years
after AA diagnosis.

2.2.4 Study 4

2.2.4.1

Describe the overall rate of common infections in people with AA in a contemporary real-
world population at diagnosis compared with matched controls in the first five years after
AA diagnosis.

2.2.4.2



Describe the rates of individual common infections in people with AA in a contemporary
real-world population at diagnosis compared with matched controls in the first five years
after AA diagnosis.

2.3 Secondary objectives:
2.3.1 Study 1

2.3.1.17

Describe the geographic distribution of AA incidence within England. English regions
comprise; Greater London, South East, South West, West Midlands, North West, North East,
Yorkshire and the Humber, East Midlands, and East of England.

2.3.2 Study 2

2.3.2.1

Describe the prevalence of additional mental health conditions (adjustment disorder,
agoraphobia, self-harm, and overdose/parasuicide attempts) in adult people diagnosed
with AA and controls.

2.3.2.2

Describe the burden of ‘sick days’ in adult people diagnosed with AA and controls.

2.3.2.3

Describe the prevalence of unemployment in adult people diagnosed with AA and controls.

2.3.3 Study 3

None

2.3.4 Study 4

None



2.4 Primary endpoint

The primary endpoints for the four studies are listed in Table 1.

1

Diagnosis of AA is the date of the first diagnosis code in the record and no
alternative diagnosis that merits exclusion* diagnosed in the subsequent
365 days from date of AA diagnosis (see Supplementary Table S1.1,
Additional file 2).

Diagnosis of AA is the date of the first diagnosis code in the record and no
alternative diagnosis that merits exclusion* diagnosed in the subsequent
365 days from date of AA diagnosis (see Supplementary Table S1.1,
Additional file 2).

Diagnosis of a common mental health condition categorized as depressive
episodes, recurrent depressive disorder or non-phobia related anxiety
disorders at the time of AA diagnosis (See Supplementary Tables S2.1 -
S2.4, Additional file 2).

Time to diagnosis of a common mental health condition categorized as
depressive episodes, recurrent depressive disorder or non-phobia related
anxiety disorders in the first two years post AA diagnosis (See
Supplementary Tables S2.1 -S2.4, Additional file 2)

Diagnosis of AA is the date of the first diagnosis code in the record and no
alternative diagnosis that merits exclusion™ diagnosed in the subsequent
365 days from date of AA diagnosis (see Supplementary Table S1.1,
Additional file 2).

Diagnosis of an atopic (atopic dermatitis, allergic rhinitis, asthma) or
autoimmune condition (Supplementary Tables S4.1 - S4.16, Additional file
2) at the time of AA diagnosis.

Time to diagnosis of an atopic (atopic dermatitis, allergic rhinitis, asthma)
or autoimmune condition (Supplementary Tables S4.1 - S4.16, Additional
file 2) in the first five years after AA diagnosis.

Diagnosis of AA is the date of the first diagnosis code in the record and no
alternative diagnosis that merits exclusion™ diagnosed in the subsequent
365 days from date of AA diagnosis (see Supplementary Table S1.1,
Additional file 2).

Diagnosis of a common infection (Upper and lower respiratory tract
infection, Pneumonia, Acute bronchitis, Influenza, Skin infection, Urinary
tract infection, Genital infections, Gastrointestinal infection, Herpes
simplex , Herpes zoster, Meningitis and Covid-19 (depending on data
availability)) (Supplementary Tables S5.1 - S5.12, Additional file 2) in the
first five years after AA diagnosis.

Table 1: Primary endpoints. *Exclusion diagnoses are; any form of scarring alopecia, (53) traction alopecia,
congenital alopecia, androgenetic alopecia, telogen effluvium, tinea capitis, trichotillomania, or secondary
syphilis of the scalp (See Supplementary Table S1.1, Additional file 2)



2.5 Secondary endpoints

None

2.6 Other exploratory analyses

Study 1: Explore the incidence of AA by age (children) and age group (adults (18-30], (30-
40], (50-60], (60,70], (70-80], 280). These age groups are provisional. If, during exploratory
analysis, we find that these age groups obscure the true incidence of AA (for example if AA
incidence rates change substantially across one of these age groups) then we may modify
these groupings. Any changes will be clearly stated as such in a final manuscript.

3 General Study Design and Plan

The proposed studies will use the retrospectively collected data of all eligible patients
within Oxford-Royal College of General Practitioners Research and Surveillance Centre
database (RCGP RSC) at the date of data extraction. The RCGP RSC database incorporates
pseudonymised primary care records from up to 200 GP practices distributed across
England. Details of the cohort included in the database have been published previously. (54)
The RCGP RSC cohort size (as of January 2019) is over 2.6 million actively registered
patients, and historic records available for up to 5.2 million patients over the last 20 years.
The cohort provides a broadly representative sample of the UK population.

The study period for study 2 and study 3 incidence analyses will be ten-years starting
January 1, 2009 and ending December 31, 2018 inclusive.

For study 4, we will start data collection from the beginning of 2004 when the quality and
outcomes framework was first introduced in primary care. The study period will end
December 31, 2018.

3.1 Study Design

These are non-interventional studies. A range of study designs will be used across the
studies as follows:

3.1.1 Study 1:

Cross-sectional design (incidence and prevalence of AA). Cohort design to assess healthcare
utilisation in people with AA.

3.1.2 Study 2:

Case-control design for prevalence of mental health conditions (depressive episodes,
recurrent depressive disorder and anxiety disorder) at AA diagnosis. Matched-cohort
design for incidence of such conditions in the first two years after AA diagnosis in the subset
of adult people diagnosed with AA without a mental health condition at baseline (and
excluding controls if they have a baseline mental health condition).

3.1.3 Study 3:

Case-control design for prevalence of atopic and autoimmune conditions at AA diagnosis.
Matched-cohort design for incidence of atopic and autoimmune conditions in the first five
years after AA diagnosis in the subset of adult people diagnosed with AA without an
atopic/autoimmune condition at baseline (and excluding controls if they have a baseline
atopic/autoimmune condition).



3.1.4 Study 4:

Matched-cohort design for incidence of common infections in the first five years after AA
diagnosis in the subset of people diagnosed with AA without a common infection at baseline
(and excluding controls if they have a baseline common infection).

3.2 Data source and Read codes

The case and control cohorts will be identified from the RCGP RSC database. The RCGP RSC
database contains complete data on all events and clinical entities coded in UK primary care.
These include demographic information, clinical diagnoses, laboratory test results, primary
care issued prescriptions, process of care codes (e.g. specialist dermatology reviews), and
anthropometric measurements (e.g., body mass index (BMI)), and are coded using the Read
Coding system. (55) Read code lists used to define variables have been developed in
accordance with published guidelines. (55)

3.3 Data extraction

Individual patient data will be anonymised at the point of data extraction. All data will
remain in anonymised form and will be held on a secure server at the University of Surrey.
The data will not be used for any purposes other than for the research which is described
in the respective protocols and which has been approved by the RCGP RSC Research
Committee. The sponsor, Pfizer Ltd, will not have access to the individual anonymised
patient data.

Queries will be executed to extract relevant data from the Structured Query Language (SQL)
database using the Read code listed in Additional file 2.

3.4 Inclusion-Exclusion Criteria and General Study Population

3.4.1 AA definition

We will identify people diagnosed with AA using diagnosis Read codes which are specific to
the condition (see Supplementary Table S1.1 (AA section), Additional file 2). A person will
be considered to have a confirmed AA diagnosis if they have one or more of these diagnoses
Read codes and no code for an alternative diagnosis in the subsequent 365 days. Alternative
diagnoses which merit exclusion comprise any form of scarring alopecia, (53) traction
alopecia, congenital alopecia, androgenetic alopecia, telogen effluvium, tinea capitis,
trichotillomania, or secondary syphilis of the scalp (see Supplementary Table S1.1,
Additional file 2). We will identify all incident cases of AA meeting this case definition over
the study period which will form the case cohorts for the four studies. We will also extract
data on the extent of the alopecia where this has been recorded (See Supplementary Table
S1.2, Additional file 2).

Study 2 will identify three groups of common mental health conditions defined by the
International Statistical Classification of Diseases and Related Health Problems 10th
Revision (ICD10) classification (56) (depressive episodes (F32), recurrent depressive
disorder (F33), and non-phobia related anxiety disorders (F41)) identified using
algorithms validated in UK primary care. (57)

Study 3 will identify atopic conditions and autoimmune conditions respectively
(Supplementary Tables S4.1 - S4.16, Additional file 2) using diagnostic Read codes.
Autoimmune conditions were selected based on a combination of expert knowledge and a



minimum background population prevalence of 0.3% in the general population (refer to
section 4.1.3). Case definition using Read codes for atopic dermatitis has been previously
validated. An ontologically driven case definition is used for both allergic rhinitis and
asthma. (55)

Study 4 will identify common infections using diagnostic Read codes (Supplementary
Tables S5.1 - S5.12, Additional file 2).

3.5 Baseline socio—economic characteristics

Age, sex, socio-economic status (SES), and ethnicity will comprise the socio-economic
factors used for stratification of the outcome measures. Ethnicity will be categorized as
follows in accordance with the major UK census categories: (58, 59) White, Asian, Black
African/Caribbean, Mixed, Other and not recorded. Deprivation will be defined using the
official national deprivation measure; index of multiple deprivation (IMD). (60) This will be
calculated at the point of data extraction, using patient postcode, with the resultant scores
stratified by deprivation quintile according to the national distribution.

3.6 Epidemiology of AA

This will comprise of the incidence of AA over the study period (stratified by age group, sex
ethnicity, and SES) and point prevalence (stratified by age and sex). The study will also
describe the geographic distribution of AA by region across England.

3.7 Current service utilisation and management patterns

Current service utilisation will comprise of annual primary care visit rates, in Study 1 we
will compare primary care visit frequency in people with AA and matched controls without
AA.

The management patterns will comprise of an assessment of the percentage of the people
with AA having a secondary care review (by dermatology (study 1) or mental health
services (study 2)), and an assessment of primary care medication prescriptions issued to
treat AA (Supplementary Table S1.4, Additional file 2). Primary care visits, secondary care
reviews and medication to treat AA will all be limited to those within 365 days of AA
diagnosis.

3.8 Mental health treatment, sick day, and unemployment burden

This will comprise of the rates for medications and psychological interventions used to treat
mental health conditions in people diagnosed with AA. Antidepressant medication classes
to be examined comprise; selective serotonin reuptake inhibitors (SSRIs) and related
medications (serotonin and norepinephrine reuptake inhibitors; SNRIs), tricyclic
antidepressants (TCAs) and related medications (tetracyclic antidepressant TeCAs), and
monoamine oxidase inhibitors (MOAIs). Anxiolytic medications to be examined comprise
all benzodiazepines and other related medications indicated for use in anxiety states.
Psychological interventions comprise of will comprise; referral rates for counselling,
secondary care psychiatrist referrals, including the referrals to the clinical psychology
services/specialists and UK Improving Access to Psychological Therapies (IAPT) program.
(61) (Supplementary Table S2.10, Additional file 2).

Additional mental health conditions consist of adjustment disorder, agoraphobia, self-harm,
and overdose/parasuicide attempts and will be identified using the presence of one or more



diagnosis codes appearing in the clinical record (Supplementary Tables S2.5 - S2.9,
Additional file 2).

Unemployment will be identified using Read codes relating to unemployment recorded in
the primary care record or the issuing of IB113 or ESA113 forms (Supplementary Table S3.1,
Additional file 2). Sick days will be indicated by the issuing of Med 3 certification from
primary care (Statement of Fitness for Work certification) (Supplementary Table S3.2,
Additional file 2).

4 Sample size calculations

In the controls, the prevalence of common conditions (e.g. depressive episodes) is assumed
to be 10%, less common conditions are assumed to be 1% and rare conditions (e.g. multiple
sclerosis) assumed to be 0.1%. Sample size calculations were performed in OpenEpi, (62)
results are presented using methods of Kelsey.(63)

4.1.1 Study 1

The analysis of the primary endpoint is a descriptive analysis of the incidence and
prevalence of AA, and no sample size calculation is therefore applicable.

Our inclusion criteria specify all people with a confirmed diagnosis of AA will be included
for analysis. The RCGP RSC database contains information on around 2 million actively
registered patients. Based on an AA prevalence of 0.2% (13), we would anticipate a sample
size of around 4,000 people diagnosed with AA for this study.

4.1.2 Study 2

Assuming 80% power, a 5% level of statistical significance, and a background population
prevalence of 15% for anxiety and 10% for depression, (64) our anticipated sample size for
AA (n = 4,000) would be sufficient to detect a prevalence difference of 1.8% in anxiety
between those with and without AA, and 1.5% difference in depression between those with
and without AA.

4.1.3 Study 3

A sample size calculation is applicable to estimate the incidence of atopic and autoimmune
conditions in people diagnosed with AA. There is, however, a paucity of large-scale
epidemiological data exploring the association between AA and either atopic or
autoimmune conditions on which to base the sample size calculations for this study.

A large population-based study based in Taiwan (65) found associations between the
presence of AA and the presence of atopic dermatitis (OR 2.24, 95% CI 1.95-2.58) and
allergic rhinitis (OR 1.29, 95% CI 1.18-1.41), and with the autoimmune condition psoriasis
(OR 2.80, 95% CI 2.24-3.50). No associations were found in either asthma (atopic) or RA
(autoimmune). Applying an estimate informed by this study of OR 2.0 for atopic conditions
and OR 2.8 for autoimmune conditions, assuming 80% power, a 5% level of statistical
significance, a 4:1 ratio of controls to cases and a probability of outcome in the control
cohort of 1% (less common condition prevalence) for both atopic and autoimmune
conditions, a total (both cases and controls) sample size of 6,034 for atopic conditions
(1,207 cases and 4,827 controls) and 2,133 for autoimmune conditions (427 cases and
1,706 controls) would be required to detect statistically significant differences between
people diagnosed with AA and the control populations.



For the assessment of prevalence of co-existing autoimmune conditions, assuming 80%
power, a 5% level of statistical significance, our anticipated sample size for AA (n = 4,000)
and an OR 2.0 effect, we would have sufficient power to detect a difference between those
with and without AA in autoimmune conditions having >= 0.3% background population
prevalence.

4.1.4 Study 4

A sample size calculation is applicable to estimate the incidence of common infections in
people diagnosed with AA. There is, however, no previous data exploring the association
between AA and common infections on which to base the sample size calculations for this
study. We therefore estimate the number of people diagnosed with AA we will have for this
study (n =4,000) and use this number to estimate the minimum effect size we are powered
to detect. Based on a Cox PH model, 80% power, a 5% level of statistical significance and a
4:1 ratio of controls to cases, we would have sufficient power to detect a difference between
those with and without AA in common infections having >= 0.46% background population
prevalence.

5 Populations to be analysed

5.1 Inclusion Criteria

The cohorts for studies 1, 2 and 3 (cases and controls) will consist of patients contributing
to RCGP RCS database during the study period (between January 1, 2009 and December 31,
2018 inclusive). The cohorts for study 4 (cases and controls) will consist of patients
contributing to RCGP RCS database between January 1, 2004 and December 31, 2018
inclusive.

The AA prevalence population consists of patients actively registered and alive at the end
date of the study period (December 31, 2018).

The AA incidence population consists of patients registered at any point during the study
period but without a prior recorded AA diagnosis. The follow-up period for incident cases
will begin on the latest of the date of diagnosis indicated by the first diagnostic AA Read
code. Follow-up will end at the earliest of the study end-date (December 31, 2018), the date
of patient transfer from an included practice or date of death.

Studies 1 and 4 will include both children and adults. Studies 2 and 3 will include only
people aged 218 (as at date of AA diagnosis for cases or start of follow-up for controls). Only
people aged = 18 and < 65 will be included in the unemployment and sick day analysis
(Study 2).

5.2 Exclusion Criteria
The following exclusion criteria will be applied:

e People with the alternative non-AA diagnoses (section 3.4.1) (AA incidence cohort).

e People with AA diagnosis within 6 months of registration (AA incidence cohort).

e People with less than 1 year of follow up within the dataset (unless under 1 year old)
(AA incidence and AA prevalence cohorts).



5.3 Matching process

The control cohorts will be defined by matching cases with people who have never been
diagnosed with AA either prior to or during the study period, by age, sex, and time since
practice registration, at GP practice level. After matching an assessment of
sociodemographic differences using IMD quintiles will be performed. If there are
substantial differences in socioeconomic status between cases and controls, re-matching
with IMD as an additional matching criterion will be considered

Controls will require at least one year of follow-up when matched to minimize the risk of a
non-recorded existing diagnosis of AA. The follow-up period for each matched control will
begin at the start of follow-up of their matched case and have the same follow-up time
criteria applied (where applicable).

Each case is matched with four controls using a nearest neighbour matching algorithm (66)
to create a baseline matched dataset.

Study 1 will include all matched patients to compare rates of primary care visits. Study 2
(incidence of mental health after AA diagnosis) and study 3 (incidence of atopic and
autoimmune conditions) will both use a subset of the baseline matched dataset; cases will
be people diagnosed with AA without the relevant condition at their start of follow up,
controls will be people not diagnosed with AA and without the relevant condition at their
start of follow up.

The matching for the incidence of common infections (study 4) will use a different approach
to studies 2 and 3: cases will be people diagnosed with AA on or before 1st January 2014
(exact date will be dependent on data availability) without the relevant infection, controls
will be people not diagnosed with AA prior to this date and without the relevant infection.
People who develop AA during the follow up will be excluded from the pool of available
cohorts prior to matching. This approach will mitigate systematic recording bias that is
likely due to an increased propensity of people with incident AA to consult within the
months following diagnosis.

The case-control design studies (prevalence of mental health at AA diagnosis (study 2), and
prevalence of atopic and autoimmune conditions at AA diagnosis (study 3)) will both define
cases as people newly diagnosed with AA over the study period. For each case, the
prevalence of the conditions of interest as at the date of AA diagnosis will be retrospectively
established. Controls will be people not diagnosed with AA. For each control, the date of AA
diagnosis of their matched case counterpart will then be used as the baseline date and the
prevalence of the conditions of interest on that date will be retrospectively established.

In Study 2 and Study 3, the same baseline cases and control cohorts will be used for both
the case-control and matched-cohort analyses.

5.4 AA definition exploratory analyses

To check the validity of our AA definition (section 3.4.1), annual incident trends of specified
alopecia (AA), (Supplementary Table S1.1, Additional file 2), non-specific alopecia
(Supplementary Table S1.1, Additional file 2) and other specified alopecia (Supplementary
Table S1.1, Additional file 2) will be analysed for the purpose of identifying changes in
coding practice. The AA case definition may be amended based on the results of this analysis
if considered appropriate and necessary. Any changes required will be reported in full in a
final study publication.



6 Statistical Analysis

6.1 Statistical principles

The mean, standard deviation (sd) and any other statistical measures, will be reported to
one decimal place. Continuous data will be summarised in the form of means, sd, median,
interquartile range (IQR) and range as appropriate. Categorical data will be summarised
using frequencies and proportions. Chi-squared and t-tests will be performed to compare
the frequency of dichotomous variables and the values of continuous variables where
relevant. 95% CIs will be reported for main effect sizes. Statistical significance will be
assessed using p<0.05. Actual p-values will be reported except for p-values less than 3
decimal places which will be reported as “<0.001". P-values >0.1 will be reported to one
decimal place, p-values between 0.01 and 0.1 will be reported to 2 decimal places, and p-
values between 0.001 and 0.01 will be reported to three decimal places.

The assessment of any associations with baseline characteristics and the outcomes of
interest (mental health conditions (study 2), autoimmune and atopic conditions (study 3)
and common infections (study 4)) will be assessed using logistic regression, Cox
proportional hazards models, Poisson regression or zero-inflated Poisson regression as
appropriate depending on the characteristics of the outcome variable. A standard set of
features will be used in all multivariable models: age, sex, ethnicity, socioeconomic status,
BMI, smoking status, alcohol status, and historical propensity to consult (defined as the
number of primary care visits an individual has in the year prior to their study start date).
Specific co-morbidity adjustment will be specific to each analysis.

Assumptions of statistical approaches will be assessed, and transformations used if
necessary (although it is not anticipated that the data will violate model assumptions).

6.2 Primary Endpoint Analysis

6.2.1 Study 1

AA incidence: Incident cases will be defined as people with a first ever diagnostic Read
code for AA during the study period. To ensure cases are truly incident, people with an AA
diagnosis within six months of registering with a practice will be excluded from the analysis
(unless under one year old). Incidence of new onset AA will be calculated by dividing the
total number of new cases by the total person-years of follow-up for the total eligible
population over the study period. Incidence rates will be reported for the complete cohort
and stratified by calendar year, sex and age (categorised), and SES factors. Adjusted
incidence rates by socio-demographic factors (including geographic area classification) will
be estimated using Poisson regression.

AA point prevalence: Prevalence cases will be defined as all people with a historical
diagnostic Read code for AA and no exclusion code within one year of AA diagnosis. For this
prevalence analysis all people will be included regardless of the date of AA diagnosis in
relation to the date of registration with a practice. Cases with < 365 days of follow up from
date of registration will be excluded from the analysis (unless under one year old). Point
prevalence will be calculated by dividing the number of prevalent cases by the total number
of eligible people in the study population at the study end date (December 31, 2018). Point
prevalence will be reported for the complete cohort and stratified by sex and age
(categorised).



We anticipate some attrition of recording of AA in the historic records. This is particularly
likely to be the case in records preceding the computerisation of primary care which
occurred in the 1990s. If we observe evidence of this being a major source of error in our
point calculations (as evidenced by a falling point incidence in the older adult population
despite there being a substantial number of incident diagnoses in this age group) then we
will consider using the actuarial life table method to estimate lifetime AA risk (67).

Service utilisation and management patterns: Service utilisation will be evaluated by
calculation of the annual rates of primary care visits for people diagnosed with AA in the
year following diagnosis. Primary care visits will be identified from the patient's electronic
health record.

Management patterns will be evaluated by calculation of annual proportion of people
referred for dermatology review in people diagnosed with AA in the year following
diagnosis. Secondary care dermatology reviews will be identified from Read codes.

In addition, management patterns will also comprise of the percentage of people diagnosed
with AA and prescribed AA medication, in primary care, grouped by medication class during
the year following diagnosis. Prescription information will be identified using Read and
EMIS codes.

6.2.2 Study 2

Prevalence of mental health conditions: Prevalence will be calculated by dividing the
number of prevalent people at the study start date by the total number of eligible people in
the study population at the same time point.

The prevalence of each common mental health condition (depressive episodes, recurrent
depressive disorder and anxiety disorder) category for people diagnosed with AA will be
reported in Study 2 and compared to the prevalence in the control population without AA.
The prevalence of mental health conditions by socio-demographic subgroups will also be
reported.

Incidence of mental health conditions: Incident cases will be defined as in Study 1.
Incidence rates of mental health conditions (depressive episodes, recurrent depressive
disorder and anxiety disorder) within two years of diagnosis date (matched follow-up start
date for controls) will be calculated in both cases and controls and compared.

Risk of developing a mental health condition (grouped by mental health condition category)
will be examined using time to failure analysis. Initially, unadjusted Cox proportional
hazards models, stratified by matched set (AA versus non-AA), will be used to provide
overall hazard ratios (HRs) as summary estimates for the association of the presence of AA
with the time to each mental health condition category in separate models. Models will be
subsequently adjusted for standard set factors (section 6.1) and comorbidities (type 2
diabetes (T2DM), hypertension, atrial fibrillation, angina, acute myocardial infarction,
stroke, heart failure, chronic liver disease, dementia, RA, asthma, Chronic obstructive
pulmonary disease, Chronic Kidney Disease stage 3-5 (CKD), malignancy and inflammatory
bowel disease) in multivariable analysis.

Mental health treatment and management patterns: The burden of treatment for
mental health conditions will be evaluated as the total percentage of people diagnosed with
AA and prescribed, within one year of AA diagnosis, a medication used to treat mental
health conditions (section 3.8) (e.g. SSRIs), grouped by mental health condition category.



Management patterns will be evaluated by calculation of annual proportion of people
referred for psychiatrist referral and counselling in people diagnosed with AA in the year
following diagnosis (Supplementary Table S2.10, Additional file 2).

6.2.3 Study 3

Prevalence of atopic and autoimmune conditions: The prevalence of atopic and
autoimmune conditions in both cases and controls will be reported and compared.

Incidence of atopic and autoimmune conditions: Incidence rates of atopic and
autoimmune conditions within five years of diagnosis date (matched follow-up start date
for controls) will be calculated in both cases and controls and compared.

Risk of developing an atopic or autoimmune condition will be examined using time to failure
analysis. Initially, unadjusted Cox proportional hazards models, stratified by matched set
(AA versus non-AA), will be used to provide overall HRs as summary estimates for the
association of the presence of AA with the time to each of atopic and autoimmune conditions
in separate models. Models will be subsequently adjusted for standard set factors (section
6.1) and comorbidities (hypertension, hyperlipidaemia, T2DM, peripheral arterial disease,
atrial fibrillation, angina, myocardial infarction, stroke, heart failure, CKD, chronic
obstructive pulmonary disorder (COPD), chronic liver disease, malignancy, dementia,
fracture history, depression) in multivariable analysis.

6.2.4 Study 4

Incidence of common infections: Incidence rates of common infections within five years
of diagnosis date (matched follow-up start date for controls) will be calculated at both
overall and individual infection levels in both cases and controls and compared. : Initially,
infection incidence rates in people with and without AA will be estimated by dividing the
number of incident common infections by the sum of person-years of follow-up for each
cohort over the period of interest. Unadjusted Poisson regression models, stratified by
matched set (AA versus controls), will be used to provide overall incident rate ratios as
summary estimates for the association between rates of common infections and the
presence of AA. Models will subsequently be adjusted for standard set factors (section 6.1)
and comorbidities (hypertension, hyperlipidaemia, T2DM, peripheral arterial disease, atrial
fibrillation, angina, myocardial infarction, stroke, heart failure, CKD, COPD, chronic liver
disease, malignancy, dementia, RA, depression).

6.3 Secondary Objective Analysis

6.2.1 Study 1

Geographical distribution of AA: The geographic distribution of people with AA will be
calculated from the disease incidence. The adjusted incident rate ratios will be reported.
Models will be adjusted for age category, sex, ethnicity, IMD and geographic area
classification derived using patient postcode at the point of data extraction.

6.2.2 Study 2

Stratified prevalence of mental health conditions: The prevalence of mental health
conditions (depressive episodes, recurrent depressive disorder and anxiety disorder) by
sociodemographic subgroups will also be reported in both cases and controls.

Additional mental health conditions: The prevalence of additional mental health
conditions (adjustment disorder, agoraphobia, self-harm, and overdose/parasuicide



attempts) will be estimated as the total percentage of people diagnosed with AA and with
the presence of one or more diagnosis codes appearing in the clinical record

Sick day and unemployment burden: The burden of sick days will be estimated as the
total percentage of people diagnosed with AA and issued one or more Med 3certificate. The
burden of unemployment will be estimated as the total percentage of people diagnosed with
AA and with a Read code relating to unemployment recorded in the primary care record or
an [B113 or ESA113 form issued.

6.2.3 Study 3
Not applicable.

6.2.4 Study 4
Not applicable.

6.4 Sensitivity analysis

Study 2: Sensitivity analyses will be performed to compare the baseline prevalence and
incidence over two years post alopecia diagnosis of the three primary mental health
conditions (depressive episodes, recurrent depressive disorder and anxiety disorder) in
people with non-specific alopecia codes only (i.e. no prior or subsequent codes specifying
alopecia type) using the same matching process used for the primary analyses.

Study 3: We will replicate this sensitivity analysis to compare the baseline prevalence and
incidence of atopic and autoimmune conditions in people with non-specific alopecia codes
only.

Study 4: In the common infections theme, we will use a survival model to investigate time
to first infection. We will also compare the results of the study outcomes when 1) we
increase the number of cases to include people who develop AA during the follow up and 2)
use a similar matching approach to the other studies: perform matching using the time of
AA diagnosis and follow for up to five years after diagnosis (or matched date for controls).
Both of these approaches will be used to investigate the effect of bias.

6.5 Missing data

These studies will use the missing indicator variable method as missing data are considered
likely not to be missing at random, meaning multiple imputation approaches will lack
validity.

Patient will need to be excluded from analyses based on a matched design if they have
incomplete data in the fields (age, sex) required to run the matching process. In similar
studies, the exclusion rate due to incomplete data has been low (68, 69).

7 Study Limitations

These are discussed in the associated protocol manuscript.



8 Statistical software

All statistical analyses will be performed using R software.

9 Ethics

Study approval will be requested from the Research Committee of the RCGP RSC. These
studies do not meet the requirements for formal ethics board review in their current form
as defined using the NHS Health Research Authority research decision tool
(http://www.hra-decisiontools.org.uk/research/).

The study will be conducted in accordance with legal and regulatory requirements, as well
as with scientific purpose, value, and rigor and follow generally accepted research practices
described in Guidelines for Good Pharmacoepidemiology Practices (GPP) issued by the
International Society for Pharmacoepidemiology (ISPE), and Good Epidemiological Practice
(GEP) guidelines issued by the International Epidemiological Association (IEA). Study
reporting will be conducted in accordance with the relevant EQUATOR (Enhancing the
QUAlity and Transparency Of health Research) guidelines.
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