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Incidence, prevalence, and co-occurrence of autoimmune
disorders over time and by age, sex, and socioeconomic
status: a population-based cohort study of

22 million individuals in the UK

Nathalie Conrad, Shivani Misra, Jan Y Verbakel, Geert Verbeke, Geert Molenberghs, Peter N Taylor, Justin Mason, Naveed Sattar, John J V McMurray,
lain B McInnes, Kamlesh Khunti, Geraldine Cambridge

Summary

Background A rise in the incidence of some autoimmune disorders has been described. However, contemporary
estimates of the overall incidence of autoimmune diseases and trends over time are scarce and inconsistent. We
aimed to investigate the incidence and prevalence of 19 of the most common autoimmune diseases in the UK, assess
trends over time, and by sex, age, socioeconomic status, season, and region, and we examine rates of co-occurrence
among autoimmune diseases.

Methods In this UK population-based study, we used linked primary and secondary electronic health records from the
Clinical Practice Research Datalink (CPRD), a cohort that is representative of the UK population in terms of age and
sex and ethnicity. Eligible participants were men and women (no age restriction) with acceptable records, approved
for Hospital Episodes Statistics and Office of National Statistics linkage, and registered with their general practice for
at least 12 months during the study period. We calculated age and sex standardised incidence and prevalence of
19 autoimmune disorders from 2000 to 2019 and used negative binomial regression models to investigate temporal
trends and variation by age, sex, socioeconomic status, season of onset, and geographical region in England. To
characterise co-occurrence of autoimmune diseases, we calculated incidence rate ratios (IRRs), comparing incidence
rates of comorbid autoimmune disease among individuals with a first (index) autoimmune disease with incidence
rates in the general population, using negative binomial regression models, adjusted for age and sex.

Findings Among the 22009375 individuals included in the study, 978872 had a new diagnosis of at least
one autoimmune disease between Jan 1, 2000, and June 30, 2019 (mean age 540 years [SD 21-4]). 625879 (63-9%) of
these diagnosed individuals were female and 352993 (36-1%) were male. Over the study period, age and sex
standardised incidence rates of any autoimmune diseases increased (IRR 2017-19 vs 2000-02 1-04 [95% CI
1-00-1-09]). The largest increases were seen in coeliac disease (2-19 [2-05-2-35]), Sjogren’s syndrome (2-09
[1-84-2-37]), and Graves' disease (2-07 [1-92-2-22]); pernicious anaemia (0-79 [0-72-0-86]) and Hashimoto’s
thyroiditis (0-81 [0-75-0-86]) significantly decreased in incidence. Together, the 19 autoimmune disorders examined
affected 10-2% of the population over the study period (1912200 [13-1%] women and 668264 [7-4%] men). A
socioeconomic gradient was evident across several diseases, including pernicious anaemia (most vs least deprived
area IRR 1-72 [1-64-1-81]), rheumatoid arthritis (152 [1-45-1-59]), Graves’ disease (1-36 [1-30-1-43]), and systemic
lupus erythematosus (1-35 [1-25-1-46]). Seasonal variations were observed for childhood-onset type 1 diabetes (more
commonly diagnosed in winter) and vitiligo (more commonly diagnosed in summer), and regional variations were
observed for a range of conditions. Autoimmune disorders were commonly associated with each other, particularly
Sjogren’s syndrome, systemic lupus erythematosus, and systemic sclerosis. Individuals with childhood-onset type 1
diabetes also had significantly higher rates of Addison’s disease (IRR 26-5 [95% CI 17-3-40-7]), coeliac disease (28-4
[25-2-32-0]), and thyroid disease (Hashimoto’s thyroiditis 13-3 [11-8-14-9] and Graves’ disease 6-7 [5-1-8-5]), and
multiple sclerosis had a particularly low rate of co-occurrence with other autoimmune diseases.

Interpretation Autoimmune diseases affect approximately one in ten individuals, and their burden continues to
increase over time at varying rates across individual diseases. The socioeconomic, seasonal, and regional disparities
observed among several autoimmune disorders in our study suggest environmental factors in disease pathogenesis.
The inter-relations between autoimmune diseases are commensurate with shared pathogenetic mechanisms or
predisposing factors, particularly among connective tissue diseases and among endocrine diseases.
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Research in context

Evidence before this study

We searched PubMed and Embase in August, 2022, for reports
published in English between Jan 1, 2000, to July 30, 2022,
related to "autoimmune disorders” (any of the 19 individual
conditions investigated) and “incidence”, reviewed references
of clinical practice guidelines, and consulted with experts for
relevant studies. Most studies investigated one autoimmune
disorder at a time. In general, studies investigated the more
common autoimmune disorders, such as type 1 diabetes or
psoriasis. Studies generally relied on a small number of cases
and presented different designs, case identification, and
diagnostic methods, rendering adequate synthesis and the
calculation of pooled estimates and temporal trends difficult.
Evidence was particularly scarce for rare autoimmune disorders
(eg, Addison’s disease). We found no study that reported large-
scale disease incidence and temporal trends of autoimmune
disorders as a group of conditions.

Added value of this study

We present age and sex standardised incidence rates derived
from a large, representative, general UK population cohort,
setting a baseline for international comparison, monitoring of
prevention strategies, and the design of public health policies.
Temporal trends across a broad range of autoimmune diseases
do not support the idea of a rapidly increasing incidence of
autoimmune diseases, and provide valuable reference rates for
future studies investigating population-level effects of newly
introduced risk factors, such as the COVID-19 pandemic.

We provide robust evidence of socioeconomic, seasonal,

Introduction

Autoimmune diseases arise when immune dysregulation
causes host tissue damage.' A wide range of autoimmune
diseases are described that present with variable age of
onset, tissue distribution, and clinical and functional
effects.! Most of these diseases are incurable and require
lifelong treatment.

Adequate public health and service delivery planning
requires reliable information about contemporary,
population-level disease incidence. However, estimates of
autoimmune disease incidence rates and their temporal
trends, even in high-income countries, are scarce and
inconsistent.! Some autoimmune disorders, such as
type 1 diabetes, are reported to have increased over the
past three decades, raising the question as to whether the
overall incidence of autoimmune disorders is on the rise,
driven perhaps by common environmental factors or
behavioural changes. Even for type 1 diabetes, the
incidence of which is among the best studied within
autoimmune diseases, reports rely on relatively small
cohorts,”” and estimates vary by a factor of ten between
studies in Europe alone.** For many other autoimmune
diseases, evidence concerning disease incidence and
prevalence is more scarce than for diabetes. The relatively
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and regional disparities for several autoimmune diseases
(particularly Graves' disease, pernicious anaemia, rheumatoid
arthritis, systemic lupus erythematosus, and childhood-onset
type 1 diabetes). Such variations are unlikely to be attributable
to genetic differences alone and suggest involvement of
potentially modifiable risk factors in the pathogenesis of
autoimmune diseases. We also show important inter-relations
between many autoimmune diseases, and our data suggest that
co-occurrence of autoimmune disease is common, yet orders of
magnitude differ widely between diseases. Associations were
highest among connective tissue diseases, and for individuals
with childhood-onset type 1 diabetes and Addison’s disease,
coeliac disease, and thyroid diseases. More generally, increased
risk of developing Addison’s disease was observed after almost
every autoimmune disease investigated. Multiple sclerosis stood
out as having low rates of co-occurrence with other
autoimmune diseases, suggesting a distinct pathophysiology.

Implications of all the available evidence

The burden of autoimmune disorders appears higher than
previous estimates, and continues to increase over time,
albeit at varying rates across individual diseases.
Socioeconomic, seasonal, and regional disparities in disease
incidence point to potentially preventable factors involved in
the pathogenesis of autoimmune diseases. Co-occurrences of
diseases point to common genetic and environmental risk
factors that interact and operate variably across these diseases.
Further research is needed to elucidate the pathophysiological
mechanism underlying the associations observed in this study.

modest absolute numbers of people affected by individual
autoimmune diseases is a major challenge to investigators
and hinders adequate synthesis across studies.® As a
result, reliable estimates of disease incidence and how
they evolve over time, particularly for autoimmune
diseases as a group, are not available.

Commonalities and differences between individual
diseases are also not well understood and continue to be
subject to much research. Although emerging evidence
has suggested that autoimmune diseases tend to co-occur
within individuals, large-scale investigations across a
broad spectrum of autoimmune diseases that could
provide clues about shared pathogenesis and risk factors
are not currently available.”®

To address these knowledge gaps, we analysed a large
longitudinal database of primary and secondary care
records in the UK that provides information on millions
of individuals’ diagnoses with several years of follow-
up.”® We aimed to investigate the incidence and
prevalence for 19 of the most common autoimmune
diseases, assess trends over time, by sex, age,
socioeconomic status, season, and UK region, and
examine rates of co-occurrence among autoimmune
diseases.

Correspondence to:
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Department of Public Health
and Primary Care,

Katolieke Universiteit Leuven,
3000 Leuven, Belgium
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Methods

Data source

In this population-based observational study, we used
electronic health records from the GOLD and Aurum
datasets of the Clinical Practice Research Datalink
(CPRD) from Jan 1, 1985, to June 30, 2019. The CPRD
database contains anonymised patient data from
approximately 20% of the current UK population and is
broadly representative in terms of age, sex, and ethnicity.
CPRD is one of the largest databases of longitudinal
medical records from primary care in the world and has
been validated for epidemiological research for a broad
range of conditions.” Primary care records from CPRD
were linked to secondary care records from Hospital
Episodes Statistics (HES) data (HES admitted patient care
data and HES outpatient data). Linkage was available for a
subset of English practices from Jan 1, 1998, onwards,
covering approximately 50% of all CPRD records. The
CPRD Group has ethical approval from a National
Research Ethics Service Committee for all purely
observational research using anonymised CPRD data.
Scientific approval for this study was given by the CPRD
Independent Scientific Advisory Committee.

Study population

Individuals who were eligible for inclusion in the study
were men and women (no age restriction) with records
labelled as acceptable for research purposes by the CPRD,
approved for HES and Office of National Statistics
linkage, and registered with their general practice for at
least 12 months during the study period (Jan 1, 2000, to
June 30, 2019). For incidence calculations, we excluded all
individuals who had a diagnosis of the disease of interest
before the study start date (Jan 1, 2000), or within the first
12 months of registration with their general practice.

Case identification
We investigated 19 of the most common autoimmune
disorders: Addison’s disease, ankylosing spondylitis,
coeliac disease, childhood-onset type 1 diabetes, Graves’
disease, Hashimoto’s thyroiditis, inflammatory bowel
disease (Crohn’s disease or ulcerative colitis), multiple
sclerosis, myasthenia gravis, pernicious anaemia,
polymyalgia rheumatica, primary biliary cholangitis,
psoriasis, rheumatoid arthritis (including its specific
subtypes such as Still disease, Caplan syndrome,
rheumatoid spondylitis, and others), Sjégren’s syndrome,
systemic lupus erythematosus, systemic sclerosis,
vasculitis, and vitiligo."™®

Although some of these diseases remain debated in
terms of their autoimmune causes and might be more
appropriately ~ described  as immune-mediated
inflammatory diseases, we refer to this group of conditions
as autoimmune diseases to assist readability.

For each condition, we identified diagnoses from
primary care or secondary care records based on
diagnostic codes from the International Classification of

Diseases, tenth revision (used in secondary care), and
Read" and SNOMED?" coding schemes (used in primary
care). Furthermore, we identified some conditions by the
prescription of specific drugs (appendix p 11). Specifically,
individuals with childhood-onset type 1 diabetes were
identified as those with at least one diagnostic code
referring to type 1 or insulin-dependent diabetes, at least
one insulin prescription, and who were 19 years or
younger at first diagnosis. Individuals with Hashimoto’s
thyroiditis were identified as those with at least one
levothyroxine  prescription and no  history of
hyperthyroidism, pituitary disease, thyroid surgery, or
thyroid-altering medication (eg, amiodarone, lithium,
sodium  valproate, carbimazole, propylthiouracil,
thalidomide, or sunitinib). When conflicting arthritis
diagnoses (ie, ankylosing spondylitis and rheumatoid
arthritis) were recorded in the same individual, the most
recent recorded diagnosis was used. Incident diagnoses
were defined as the first record of that condition in
primary or secondary care records from any diagnostic
position.

Covariates

Smoking status and BMI were abstracted from electronic
health records as the most recent measurement within
2 years before diagnosis of an autoimmune disease.
Socioeconomic status was defined as the Index of
Multiple Deprivation 2015 quintile,” a composite measure
of relative deprivation for small areas, covering an average
population of 1500 people, ranked in ascending order of
deprivation score and grouped in equal fifths, with
quintile one representing the least deprived areas and
quintile five representing the most deprived areas. Data
on sex are as reported by the patient when they registered
with their general practitioner. Ethnicity data were
extracted from both primary and secondary care records.
When ethnicity differed between primary and secondary
care records, secondary care data were used.

Statistical analysis
Baseline characteristics are presented as frequencies for
categorical data, medians and IQR for non-normally
distributed continuous data, and mean and SD for
normally distributed continuous data. These data are
presented for the whole autoimmune disease cohort and
stratified by sex, socioeconomic quintile, and period of
diagnosis. Number and percentage of records with missing
data are displayed for variables with missing entries.
Observed incidence rates were computed by dividing the
number of incident cases by the number of patient-years
in the cohort. Category-specific rates were computed
separately for subgroups of age, sex, socioeconomic status,
region, calendar year of diagnosis, and season of diagnosis.
Winter was defined as the period from January to March,
and summer was defined as the period from June to August.
Time at risk was calculated to start at the latest of patient’s
registration date plus 12 months, birth year, or study start
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date; and stopped at the earliest of death, transfer out of
practice, practice’s last collection date, incidence of the
disease of interest, or study end date. Observed prevalence
was computed considering all people ever diagnosed with
autoimmune disease (numerator) among those who were
alive and registered with a general practitioner on June 30
in each year (denominator). To allow comparison with
other studies, we further calculated incidence and
prevalence of childhood-onset type 1 diabetes restricting
the denominator to those who were 19 years or younger
(appendix p 8). We also performed some sensitivity
analyses using more restrictive disease definitions and
present these analyses in the appendix (p 2). Diseases were
considered individually and as a composite outcome of all
autoimmune disorders combined. For the combined
analyses, we calculated primary incidence (first recorded
autoimmune disorder, reflecting the number of people
affected by autoimmune disorders) and cumulative
incidence (all recorded autoimmune disorders, reflecting
the cumulative number of autoimmune disorder
diagnoses).

Standardised rates were computed by applying direct age
and sex standardisation” to the 2013 European Standard
Population® using 5-year age bands up to age 90 years.

Negative binomial regression models were used to
examine overall and category-specific incidence rate
ratios (IRRs) and corresponding 95% Cls. Models were
adjusted for calendar year, age (categorised into 5-year
age-bands), sex, socioeconomic status, and region.
Negative binomial models were chosen over Poisson
models to account for overdispersion in the data.
Sensitivity analyses comparing Poisson and negative
binomial models showed very similar results.

To characterise the co-occurrence of autoimmune
diseases, we ran a series of cohort studies to calculate
IRRs for the development of a second (comorbid)
autoimmune disease according to disease status of a first
(index) autoimmune disease. IRRs were calculated using
negative binomial regression models adjusted for age,
sex, and calendar year. We performed separate analyses
for each pair and sequence of autoimmune diseases,
following methods by Somers and colleagues.” For these
analyses, time at risk started at the latest date of patient
registration plus 12 months or diagnosis of the index
disease, and stopped at the earliest date of the incidence
of the comorbid autoimmune disease, death, the patient
ceasing registration with the general practice, the
practice’s last collection date, or the end of the study.

Study findings are reported in accordance with the
RECORD recommendations.” Statistical analyses were
performed in R (version 3.6.2) and validated with SAS
(version 9.4).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
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Results

Between Jan 1, 2000, and Dec 31, 2019, a total of
22009375 individuals in the CPRD database met study
population criteria, with 135691152 patient-years of
follow-up. Among these individuals, we identified
1123789 new diagnoses of autoimmune diseases,
affecting a total of 978872 individuals. The mean age
when an autoimmune disease was diagnosed was
54-0 years (SD 21-4), and 625879 (63:9%) of these
individuals were women (table).

The number of people newly diagnosed with
one (or more) autoimmune diseases increased only
modestly during the study period (IRR 2017-19 vs
2000-02 1-04 [95% CI 1-00-1-09]; figure 1). The number
of new autoimmune disease diagnoses increased by 22%
during the study period (2017-19 vs 2000-02 IRR 1-22
[1-18-1-28]), largely due to an increasing number of
secondary autoimmune disease diagnoses among
individuals already affected by a first autoimmune
disease (ie, primary incidence only increased by 4%;
figure 1). Coeliac disease, Graves’ disease, and Sjogren’s
syndrome showed the largest increases, whereas
Hashimoto’s thyroiditis and pernicious anaemia declined
modestly during the study period (figure 1). The observed
increase in coeliac disease, Graves’ disease, and Sjogren’s
syndrome was largely driven by a higher number of
diagnoses in women than in men over time from
2000 to 2019. The increase in Graves’ disease was largely
driven by an increase in the number of diagnoses in very
old individuals (aged =80 years), whereas the increase in
coeliac disease was largely driven by an increase in the
number of diagnoses in younger individuals (aged
<40 years), when comparing incidence over time
(appendix p 5).

Autoimmune disorders developed at any age (ie, age
0-95 years). Median age at first autoimmune disease
presentation  varied greatly among individual
autoimmune diseases. For many conditions, incidence
increased with age; this was the case for Graves’ disease,
pernicious anaemia, and rheumatoid arthritis. Only
six conditions were commonly diagnosed before the age
5 years: Addison’s disease, coeliac disease, childhood-
onset type 1 diabetes, psoriasis, vitiligo, and vasculitis
(largely due to Henoch—Schénlein purpura, Kawasaki
disease, and glomerulonephritis; appendix p 9). For other
conditions, such as multiple sclerosis, psoriasis, and
systemic lupus erythematosus, the incidence peaked in
middle age. Furthermore, some conditions showed a
bimodal age distribution, with a peak in childhood or
early adulthood and another peak later in life, which was
the case for coeliac disease, inflammatory bowel disease,
and vasculitis (figure 2).

Most autoimmune disorders were more common in
women than in men (figure 3). Thyroid disorders,
Sjogren’s syndrome, lupus, and systemic sclerosis had
the highest IRR in women compared with men (figure 3).
Only three diseases were more common in men than in

1881



6T0T 01 000T W04} 3SEISIp duNILIIoINE JUIPUI YHM mar_w_um& JO so1asuvldeIRYd dUI[Iseq :3[qp]

'SpUNOIB3DLC J1LLY3S 1O SIIBI JUBIDYIP IO 10 OM] WoJy 1e oym djdoad se [jam se ‘ajqey siya ul paisi| Apeaufe satioha1ed ayy o Aue 03 JuasayIp s A1dIUYIL 40 3del asoym syueddiied papnpul am ydIym ul K106a3ed a31sodwod e
S1 1930 10 Paxil,, d|qedi|dde Jou=yN ‘syuedidiiied [e103 Jo 1n0 patejndjed ase eyep Huissit 10y sabejuadiad pue ‘(sioreuiwouap Ag umoys se) exep 239|dwod yym syuedidiried Jo 100 parejndjed e sabejuadiad A106a1ed ‘satiud Buissiuw Yiim sa|qeLien o4
*3]uInb 21WoU03010s paALdap 150w ay1 01 9AY pue djuINb 1WOoU03010s paaudap 15ea| 3y 01 bulidRl BUo Yum ‘ajuInb GToz uoneaudag 3|dijnyy JO Xapuj 9y Se PAUYSP SeM SNJEIS JILUOUOIONOS *(dS) UBBW 10 ‘(%) N/U (%) U 21e eleq

I Articles

(%8-9€) 9E¥ S (%S1Z) L6V TOT (%S-¥€) 296 8S (%9-0%) 5SS 68 (%S-8€) TGLSET (%S-£€) 6€SVET (%8°£€) T6T0LE Buissin
(%E29) 86 LLIVSLOY  (%9-CS) ¥SY ov/vLTTe (%Sv¥) 688 TTT/V8L6Y (%S-£S) ¢6/0ET/06T SL (%Lth) ThT LTT/6TLT6 (%£:99) OVET6E/E6/TTT (%£-1S) 185 809/TTSVTE 1{OWS J2AIN
(%£:60) ¥86 ££/9/1 €T (%9:TT) ¥Sb OV/1S16 (%2°S2) 688 TTT/05T 8T (%1-82) T6L0ET/6ET LE (%L Y¥€) TheLTe/gees.  (%9-€7) OVET6E/T0S 6 (%9-£2) 185809/678 £9T 12x0Lus Jawiog
(%0-8T) ¥86 ££/VSOVT  (%8:72) ¥S¥ 0v/6200T (%€-0€) 688 TTT/SS8 €€ (%T¥T) T6L0ET/E9Y 8T (%9:70) Tve L1e/v616y  (%L6T) OVET6E/9Y0LL (%£:07) 185 809/0¥7 9T JjowWs JuaLn)y

snjels bupjows

(%6-5%) 09995 (%S2/) 926 20T (%¥-8¥) €9/28 (%879) 1850CT (%¥¥S) 66T 6T (%9-05) 06 9TE (%0-29) 6E1 605 buissiy

(t£:9)1-8C (06°9) €Lt (66:9) 582 (SL9) 1Lt (S5°9) L:Lt (69-9) 8Lt (€€9) gLt (@s) ueapy

/b3 ‘\wg
(%8-0) 0TOT (%£-€) 6815 (%1-2) 699€ (%1-2) 88S¥ (%¥°1) L98Y (%9:7) 90T 9T (%1-7) €6 0T 210LU 10 324y |
(%6°/) 8696 (%0-LT) LY T (%9-¢1) 6YP 1T (%/-T1) Yo gt (%S-0T) ¥90 L€ (%0¥T) 8£9/8 (%L-er) evlyen om|.
(%ET6) TTLTTT (%€64) ST9CTT (%€-98) 8ELSPT (%-S8) SEV /8T (%1-88) 290 TTE (%¥-€8) 560 22S (%1-98) ST EES auQ
SI9POSIP SUNWIWIOINE JO I3qUINN

(%9:£1) $691¢ (%8-91) g €T VN VN (%T-£T) ¥€509 (%9-£1) TZeotTT (%S°/1) 958 0/T AAl4

(%0°6T) Teh €T (%0°6T) £56 9T VN vN (%£-81) 95099 (%T6T) ££00CT (%0°6T) 621981 1nog

(%8-6T) 861 ¥7¢ (%€-07) 0/8 8¢ VN vN (%z07) Y9z 1L (%1-07) S¥gSTT (%1°07) 60T £6T 221y

(%£-07) 165 5C (%TT7) 9vT0E VN VYN (%T12) 984 VL (%8-07) SV6 67T (%6-07) TELYOT om|.

(%6-22) STT 8T (%9-c) ver e VN VN (%8-272) €5€08 (%€20) Y69 6€T (%S-22) LhooTe auQ

3[13uInb snye3s d1LoU0d010S
(%1-€) ££8E (%2:8) 899 TT (%T-€) YErS (%1-5) SZE0T (%6°5) ¥86 0T (%8-€) vLove (%9¥) 8505 burssiy
(%9-€8) (%1-€6) (%1-€8) (%S-T6) (%:£8) (%9-88) (%€-83)

€856TT/736 66 €8 0ET/E8TTCT Ty S9T/TS9 L0LYLET 7/9607/06£68T 6002TE/6STT6T S08T09/PTY EES Y18 EE6/ELS VT8 SUYM
(%6-9) €856T1//978  (%6:C) E8TOET/EVSE (%8¥) e S91/259 L52 6/ (%67) /9 602/20T 0T (%5°S) 600 TTE/T9T 8T (%S¥) 508 109/10T LT (%6-7) Y18 E€6/£9€ S 419430 10 paxI
(%0-/) €856T1/29€8  (%8-C) E8T0ET/989€E (%S+/) T2y S9T/259 LS. €Tt (%2-€) 2£9602/5699 (%2°S) 600 TTE/E9T LT (%67) 508 109/857 6T (%0-9) Y18 £€6/129 9% uelsy

ueaqque)
(%S52) €896TT/0£6T  (%T°T) €8T OET/TLYT (%9-) teb S91/2S9L (%¥-0) 229 602/1SL (%/°T) 600 22€/STSS (%6°T) SO8T09/CELTT (%8°T) Y18 €€6//ST LT 1o uedupy
JSTRIVTAE]
(%£:L€) €05 9% (%0-€€) 58291 (%¥-S€) €509 (%59€) €5€08 VYN VN (%T-9€) €66 7S€ 3eW
(%€79) L169L (%0°£9) 991 56 (%9+9) zzeotT (%5€9) Y69 6ET VYN VN (%6-€9) 6/8 529 3[ewa4
x9S
sieak ‘sisoubelip
(020) 92§ (£:00) £:SS (070) 018 (0T2) 5SS (0z) €€ (T10) S (r12) 0¥S je 3be ueayy
(ozv€er=u) 61-/10C  (1S6TFT=U) Z0-000C (958 0/T=u) paaudapisoly (/0 0zz=u) paaudap 3sesT (€66 7GE=u) e (6£8 579=u) oJewa
(z£88L6=u)
pouad awiy. 3iuInb snye1s d1Wou0901>05 X3S sjuaned ||y

www.thelancet.com Vol 401 June 3,2023

1882



Articles

women, namely ankylosing spondylitis, childhood-onset
type 1 diabetes, and myasthenia gravis (figure 3).

Overall, the most deprived socioeconomic groups had a
higher incidence of autoimmune diseases than the least
deprived socioeconomic groups (figure 4). A marked
socioeconomic gradient was visible across several
individual diseases, including Graves’ disease, pernicious
anaemia, rheumatoid arthritis, and systemic lupus
erythematosus (figure 4; appendix p 4). For other diseases,
such as Hashimoto’s thyroiditis and inflammatory bowel
disease, no difference in incidence was observed among
socioeconomic groups despite relatively large numbers of
cases; for coeliac disease and polymyalgia rheumatica,
disease incidence was highest in the least deprived group
(figure 4; appendix p 4).

Overall, variation by geographical region was modest.
However, polymyalgia rheumatica, type 1 diabetes, and
coeliac disease were considerably more common outside
of London, and pernicious anaemia was most common in
northern regions of England (appendix p 6). Sjogren’s
syndrome, lupus, and vitiligo had lower incidence rates
outside of London (appendix p 6).

Most autoimmune diseases were diagnosed throughout
the year with no significant differences between winter
and summer months (appendix p 7). Seasonal variation
was observed only for type 1 diabetes, which was more
commonly diagnosed during the winter months

(January to March) compared with the summer months
(June to August), and for vitiligo, which was more
commonly diagnosed during the summer months
compared with the winter months (appendix p 7).

Autoimmune disorders were commonly associated
with each other. Increased risk of developing a second
autoimmune disorder was seen across many
autoimmune diseases, but orders of magnitude differed
widely between diseases (figure 5). Associations were
generally highest among connective tissue diseases,
particularly between Sjogren’s syndrome, systemic lupus
erythematosus, and systemic sclerosis (figure 5).
Individuals with childhood-onset type 1 diabetes also had
significantly higher rates of Addison’s disease (IRR 26-5
[95% CI 17-3-40-7]), coeliac disease (28-4 [25-2-32-0]),
and thyroid disease (Hashimoto’s thyroiditis 13-3
[11-8-14-9] and Graves' disease 6-7 [5-1-8-8]). More
generally, Addison’s disease occurred at a considerably
higher incidence among people with pre-existing
autoimmune disease than in the general population
(figure 5). Multiple sclerosis stood out as having low rates
of co-occurrence with other autoimmune diseases and
even showed an inverse association with some
autoimmune disorders, but this was only significant for
vitiligo (figure 5; appendix p 10).

The combined prevalence of the 19 autoimmune
disorders investigated in this study, standardised by age

Number of patients*  Standardised incidence Temporal trend
per 100000 person-years

Allyears 2000-02 2017-19 IRR (95% Cl)

2000-19 2017-19 vs 2000-02
Addison's disease 4319 2:0 4.0 — . 1-87(1:61-2-16)
Ankylosing spondylitis 12663 69 118 § —— 1.78 (1-61-1-97)
Coeliac disease 31447 131 296 : - 2:19 (205-235)
Graves' disease 75524 336 66-0 g —— 2.07(1.92-2-22)
Hashimoto's thyroiditis 284755 2160 1615 - 0-81 (0-75-0-86)
Inflammatory bowel disease 66173 407 490 E 3 1-21(114-128)
Multiple sclerosis 15634 10-6 104 -— 1.01(0-91-1-13)
Myasthenia gravis 3655 21 2.8 —— 1-49 (1-27-1.76)
Pernicious anaemia 62582 40-6 349 - E 0-79 (0-72-0-86)
Polymyalgia rheumatica 90853 59-9 625 -r.— 1.07 (0-94-1-23)
Primary biliary cholangitis 5683 3.0 36 -'-l— 1-10 (0-95-1-28)
Psoriasis 236027 1443 149-2 - 104 (0-99-1-10)
Rheumatoid arthritis 107559 584 94.0 - 164 (1:52-1.78)
Sjsgren's syndrome 12292 6.0 10-7 : —a— 2:09 (1-84-237)
Systemic lupus erythematosus 14164 88 9-4 —I— 115 (1-03-1-28)
Systemic sclerosis 4880 2:6 33 —— 1-23(1:06-1-43)
Type 1 diabetes 9022 53 59 —- 113 (0-90-1-41)
Vasculitis 58919 362 425 g L 1-20(1-13-1:28)
vitiligo 27638 136 184 . 128 (119-1:38)
Any autoimmune disorder 978872 681-6 700-8 -l 1.04 (1-00-1-09)

r f T T 1
05 1.0 1.5 2.0 2.5

Figure 1: Incidence of autoimmune disorders over time from 2000 to 2019

Incidence rates are per 100 000 person-years at risk and are age and sex standardised to the 2013 European Standard Population. Any autoimmune disorder refers to
the primary incidence of the 19 autoimmune disorders investigated in this study (ie, the number of patients first diagnosed with one autoimmune disease).
IRR=incidence rate ratio. *The number of patients newly diagnosed with autoimmune disease during the study period.
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and sex, was 10-2% (N=1912200, 13-1% for women
[N=1243936] and 7-4% for men [N=668264]).
Prevalence increased over time from 7-7% (N=697236)
in 2000-02 to 11-0% (N=1050995) in 2017-19
(RR 2017-19 vs 2000-02 1-41 [95% CI 1-37-1-44]).

Discussion
Our large-scale, population-based study provides several
novel insights into the burden of autoimmune
disorders, its variation over time, and its variation by
individual diseases and patient subgroups of age, sex,
and socioeconomic status. Our findings support and
extend evidence from previous studies showing an
increasing incidence of several autoimmune disorders,”
and show that the increase was particularly pronounced
for Graves' disease, coeliac disease, and rheumatic
disorders. Our results reflect disease incidence based on
diagnostic criteria, screening practices, availability, and
accuracy of diagnostic tests in place at that precise time
and hence must be interpreted within this context. As
such and in consideration of the increasing awareness
for some of these conditions, improved coding practices,
and earlier recognition of these conditions over the past
two decades, the observed increase remains modest.
The epidemiology of type 1 diabetes is perhaps the best
studied of all autoimmune disorders. Previous studies had

reported varying estimates and trends over time,* and
several surveys from Scandinavian countries have reported
steep increases of the incidence of type 1 diabetes since
the 1950s with a plateau since the mid-2000s.2* In our
study, we observed only a modest increase in the incidence
of type 1 diabetes over the past two decades. Overall
estimates were similar to estimates from a simulation
study on the incidence of type 1 diabetes” in western Europe
and similar to those reported by the International Diabetes
Federation Atlas for the UK,** but were lower than those
reported in northern European countries.”” Another key
finding was the reduction in Hashimoto’s thyroiditis over
time, which could be due to more careful initiation of
levothyroxine in older people with subclinical
hypothyroidism after trials showing little benefit of the
drug in this population.”* Pernicious anaemia also
showed an apparent decline in incidence over time, a
decline that appears to coincide with increased use of
dietary supplements over the same period, and possibly a
more widespread recognition of other causes of
vitamin B12 deficiency such as Helicobacter pylori infection,
although no causal inference can be made from our data.””

The observed increase in incidence of rheumatic
diseases will probably have important implications for
health services and the substantial medication expenditures
linked to biologics. Improved coding practices during the
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Figure 2: Incidence of autoimmune disorders by age

Incidence rates were calculated per 1-year age band and divided into a colour-gradient of 20 quantiles to reflect incidence density by age. The definition of type 1
diabetes used in this study refers to childhood-onset type 1 diabetes (ie, individuals aged <20 years at the time of diagnosis).
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Figure 3: Incidence of
autoimmune disorders by
sex and over time
Age-standardised incidence
rates by sex. Any autoimmune
disorder refers to the primary
incidence of the

19 autoimmune disorders
investigated in this study.
The definition of type 1
diabetes used in this study
refers to childhood-onset
type 1 diabetes. Denominator
populations include all age
groups. Yearly incidence
estimates were smoothed
using locally estimated
scatterplot smoothing
regression lines. IRRs are for
women compared with men.
IRR=incidence rate ratio.
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Figure 4: Incidence of any and selected autoimmune disorders by socioeconomic quintile

Age and sex standardised incidence rates by socioeconomic status quintile (Index of Multiple Deprivation 2015) for specific autoimmune disorders (specific examples
chosen to reflect differences in socioeconomic status gradients among autoimmune disease incidence rates). Any autoimmune disorder refers to the primary
incidence of the 19 autoimmune disorders investigated in this study. Yearly incidence estimates were smoothed using locally estimated scatterplot smoothing
regression lines. IRRs are for the people in the most deprived socioeconomic quintile (five) compared with those in the least deprived (one) socioeconomic quintile.
Individual plots for each of the diseases investigated are presented in the appendix (p 4). IRR=incidence rate ratio.

study period, the 2013 introduction of a quality audit in
primary care (the so-called Quality and Outcomes
Framework) rewarding general practitioners for
maintaining a register and evaluating cardiovascular or
fracture risks in patients with rheumatoid arthritis,” and
the novel classification criteria for ankylosing spondylitis,
are all likely to have contributed to the observed increase
in incidence. The increase in incidence of axial
spondyloarthritis in women starting around 2009 following
the publication of classification criteria by the Assessment
of Spondyloarthritis International  Society”—which
introduced the concept of non-radiographic axial
spondyloarthritis—is consistent with other studies
indicating that although ankylosing spondylitis is more

predominant in men than in women, non-radiographic
axial spondyloarthritis is similarly common in women and
men.sz,ss

Our stratified analyses by socioeconomic status, region
(in England), and seasonal variations in disease incidence
provide further insights into the possible role of
environmental factors in the development of autoimmune
diseases. Four diseases (ie, Graves' disease, pernicious
anaemia, rheumatoid arthritis, and systemic lupus
erythematosus) showed a clear socioeconomic gradient;
individuals in the most deprived group were up to 70%
more likely to develop the disease than the least deprived
group. Such socioeconomic disparities could indicate that
diet, smoking, obesity, air pollution, or other currently
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Figure 5: IRRs for development of comorbid autoimmune disease among index populations with autoimmune disease compared with the general population
Co-occurrence of organ-specific diseases and connective tissue diseases. IRRs were calculated for development of a second (comorbid) autoimmune disease among
populations with pre-existing autoimmune (index) disease compared with the general population using negative binomial regression models adjusted for age and
sex. Type 1 diabetes refers to childhood-onset type 1 diabetes (ie, people aged <20 years at the time of diagnosis). IRR=incidence rate ratio.

unrecognised environmental exposures might play a role
in the development of these diseases. Two conditions
(ie, coeliac disease and polymyalgia rheumatica) presented
an inverse socioeconomic gradient, a phenomenon rarely
observed in public health research, which could be linked
to increased awareness and testing for these diseases in
more affluent populations or indeed lifestyle differences.
There were not many seasonal variations in the
incidences of autoimmune diseases. Vitiligo was more
commonly diagnosed in the summer months than in the
winter months, perhaps due to increased visibility of
depigmented skin areas in summer months. Furthermore,
type 1 diabetes was more commonly diagnosed during the
winter months and outside of London, a finding that is
compatible with hypotheses of viral triggers, diet, higher
bodyweight, or ethnicity playing a role in the disease’s
pathogenesis.*** Other regional variations, such as coeliac
disease being more common outside of London, remain
unexplained for now. Although numerous reports have
linked smoking to the incidence of some autoimmune
diseases such as rheumatoid arthritis, multiple sclerosis,
or psoriasis,” we did not observe a decline in the incidence

www.thelancet.com Vol 401 June 3,2023

of these diseases despite considerable reduction in
smoking prevalence over the same time period
(ie, 2000-02 vs 2017-19).*® The absence of an observed
decline in disease incidence corresponding with the
reduction in smoking prevalence could be due to a parallel
increase in other risk factors (eg, obesity) over the same
period, or confounding via socioeconomic status, or it
could be due to currently unknown reasons.

Furthermore, co-occurrences of autoimmune diseases
provide valuable insights into possible common aetiology
across some of these conditions. For example, we found
high rates of co-occurrence among a range of connective
tissue diseases, particularly Sjogren’s syndrome,
systemic lupus erythematosus, and systemic sclerosis,
regardless of diagnostic sequence and after accounting
for age and sex. Polymyalgia theumatica did not have
much association with other connective tissue disorders,
except for vasculitis. Myasthenia gravis and multiple
sclerosis also tended to co-occur. However, the association
was weak, and given the nature of our data, which is
based on routine clinical practice data, we cannot rule
out the possibility of inaccurate diagnoses or coding.
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Our study further provides robust evidence for an
increased incidence of a range of autoimmune diseases,
particularly coeliac disease and thyroid diseases, among
individuals with childhood-onset type 1 diabetes. Such
observations have been reported before and might suggest
overlapping genetic or environmental risk factors, or be
due to people with a first autoimmune disease being more
likely to undergo screening for these conditions.”
Although we did not observe associations between
childhood-onset diabetes and diseases typically occurring
in older age groups, our data were bounded by follow-up
duration, so we cannot exclude that such associations
might exist. Similarly, in our study, psoriasis presented
little co-occurrence with autoimmune diseases, possibly
because of the large proportion of mild cases typically
observed among cohorts based on primary care data.”

Another consideration is whether treatment of an
index autoimmune disease affects the risk of developing
a comorbid autoimmune disease. Although non-specific
immunosuppressive treatments could in theory decrease
risk of a comorbid autoimmune disease, targeted
therapies could have differential effects. For example, an
intriguing finding was the high incidence of Addison’s
disease after almost every other autoimmune disorder,
which could perhaps be related to glucocorticoid-induced
adrenal insufficiency, which is typically recorded as
Addison’s disease in the UK. Such a mechanism might
also explain the higher rates of cardiovascular diseases
observed in people with Addison’s disease in this same
cohort.” Nevertheless, given the relatively small number
of people with Addison’s disease, these results must be
interpreted with caution. Overall, this research shows
that some autoimmune diseases co-occur at a rate greater
than expected by chance or surveillance bias alone, but it
reveals that this phenomenon is not generalised across
all autoimmune diseases.

A major strength of this study is the selection and use
of a statistically powerful data source with over
130 million person-years of data to investigate the
incidence, prevalence, and co-occurrence of autoimmune
disorders. The very large size of our cohort allowed us to
perform detailed stratified analyses, over a broad
spectrum of conditions. Furthermore, we were able to
examine the influence of age, sex, and socioeconomic
status on autoimmune diseases, and observe trends of
these diseases over 20 years. The use of routinely reported
diagnoses also captures the burden of disease as
experienced by physicians and health services, and
probably increases the generalisability of findings. One of
the key limitations of our study was the low diversity in
ethnic backgrounds in our cohort. Unfortunately, there
was also a marked scarcity of data or high amount of
missing data on additional variables that are relevant to
autoimmune disease pathogenesis such as smoking,
BMI, and blood biomarkers (eg, vitamin D deficiency).
The non-randomised design of our study further meant
that we were unable to account for the effect of drug

therapy such as antirheumatic drugs, steroids, or
biologics on the incidence of a second autoimmune
disease. Research using electronic health records is also
reliant on the accuracy of clinical coding performed
during consultations and hospital admissions. The
validity of diagnoses underlying our study has been
carefully assessed and was considered appropriate in
light of over 200 studies that have investigated the validity
of diagnoses recorded in CPRD, and which reported an
average positive predictive value of about 90% for a broad
range of conditions.® Studies from 2011 and 2022 have
examined several diseases included in our population-
based study, and have shown that algorithms based on
diagnostic codes perform well at identifying patients with
these conditions in primary care records.”* Generally,
observed age distributions were consistent with
previously published studies and add to the validity of our
approach. Nevertheless, our results—particularly disease
trends over time and co-occurrence of diseases—must be
interpreted within the context and limitations of routinely
collected health records data and the possibility that some
amount of miscoding is present. Furthermore, a large
quantity of tests and subgroup analyses within one study
must also be interpreted with adequate caution.

Our findings present an important new piece in the
puzzle of autoimmune disease aetiology, a group of
conditions that are apparent in nearly 10% of the
population, and that consume considerable health
resources. The socioeconomic, seasonal, and regional
disparities observed among several autoimmune disorders
suggest the involvement of environmental factors in the
pathogenesis of specific autoimmune diseases. The inter-
relations between many autoimmune diseases further
suggest a shared pathogenesis, particularly among
connective tissue diseases and between diabetes, coeliac
disease, and thyroid diseases. Currently, the exact causes
of many of the autoimmune diseases included in our
study remain unknown and require further research.
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