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Summary

Background The epidemiology of sarcoidosis in England is largely uncharted, with no population-level prevalence data
and outdated incidence and mortality estimates. Our objective was to investigate contemporary trends in incidence,
prevalence, and mortality.

Methods This cohort study used primary care data from the UK Clinical Practice Research Datalink (CPRD), linked to
secondary-care and national death registration. Patients aged >18 with sarcoidosis were identified using primary care
codes. Age-and-sex standardised incidence and prevalence were calculated. Standardised mortality ratios (SMRs)
compared mortality with the general population. A matched non-sarcoidosis cohort was constructed within CPRD,
and Poisson regression compared all-cause mortality between incident cases and controls.

Findings Between 2003 and 2023, 18,554 incident sarcoidosis patients were identified. The age- and sex-standardised
incidence per 100,000 person-years increased from 6.65 in 2003 to 7.73 in 2023, with the most pronounced rise
occurring between 2010 and 2016. Incidence rose notably among males and those over 60-year-olds. Sarcoidosis
prevalence increased from 167 to 230 per 100,000 individuals. The age-and-sex standardised all-cause mortality
rate was 12.2 per 1000 patients in 2023. Elevated mortality was observed in males [SMR: 1.8 (1.7-1.8)] and
females [SMR: 2.1(2.0-2.2)], particularly in those aged 30-70 years old. Regression models indicated higher all-
cause mortality in the incident sarcoidosis cohort compared to controls [adjusted mortality rate ratio 1.36 (95% CI
1.27-1.44)).

Interpretation Sarcoidosis incidence has increased during the study period, with shifts in age-and-sex distribution and
excess mortality risk. Recognising this burden is key to refining healthcare policies, optimising resources and
improving patient outcomes.

Funding None.

Copyright © 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Sarcoidosis; Incidence; Prevalence; Mortality; England

Introduction

Sarcoidosis is a systemic granulomatous disorder of
unknown aetiology. Clinical manifestations vary
depending on the organ involved. The course is un-
predictable, ranging from mild self-limiting disease to a
chronic, progressive form with severe organ involve-
ment and premature death."” There is well established

global variation in the prevalence of sarcoidosis, with the
highest rates reported in the northern hemisphere.’
Genetic and environmental factors contributing to dis-
ease risk are likely to explain much of this geographical
variation. There are also differences between ethnic-
ities’* and in age and sex distribution.** Mortality from
sarcoidosis is primarily attributable to pulmonary and
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Research in context

Evidence before this study

We searched PubMed for reports published from inception to
November 2024, that included “sarcoidosis” and “incidence”
or “prevalence” or “mortality” or “death” in their title or
abstract. We also reviewed references from clinical practice
guidelines and global epidemiology studies. Our search
yielded publications covering data from various regions
worldwide, including Europe (specifically Ireland, Poland, Italy,
Spain, Sweden, Denmark, and Switzerland), North America
(USA and Canada), Asia (Japan, Korea and Taiwan) and
Australia. There were differences in the approach to age-
standardisation, rendering comparisons between countries
challenging. Data from the UK was limited to a single study
based on a relatively small database, analysing data from
1991 to 2003.

Added value of this study
This study offers valuable contemporary data on the
incidence, prevalence and mortality of sarcoidosis in England,

cardiac complications. Mortality rates vary by age,
ethnicity, gender and geographical location’"" with evi-
dence suggesting an increasing trend over time.’

Despite its clinical significance, the epidemiological
landscape of sarcoidosis in England is a blank canvas.
There are no population-level data on the prevalence.
The incidence was last calculated 20 years ago using
data from only 2% of general practices,"* with a rate far
lower than estimates from Sweden, the USA and Can-
ada.*** Data on mortality are also outdated. UK wide
studies from 15 years ago report a twofold increase in
the risk of death compared with matched controls,™
with a rising mortality rate over time."

Understanding the epidemiology of sarcoidosis in
England is important for early diagnosis, effective
resource allocation, informing public health strategies,
and optimising patient care. The scarcity of data has
hindered research efforts in this area, which are even
more critical now with the growing focus on emerging
therapies. To address these knowledge gaps, we per-
formed a population-based study using a longitudinal
database of linked primary and secondary care records
on millions of individuals,” to assess trends in
sarcoidosis incidence, prevalence and mortality.

Methods

Data sources

The Clinical Practice Research Datalink (CPRD) Aurum
is a UK-based, large-scale primary care database widely
used for epidemiological and clinical research.' It con-
tains anonymised, longitudinal electronic health records
(EHR) collected from general practices using EMIS
Web® health record software. CPRD includes data on

based on a large and representative population. An increasing
incidence of sarcoidosis was observed during the study period,
particularly among males and individuals over 60 years of age.
Both crude and standardised incidence rates are reported,
establishing a robust baseline for future international
comparisons. All-cause mortality was higher in individuals
with sarcoidosis compared to the general population. This
elevated mortality risk was also evident in the incident cohort
when compared to age-and-sex-matched controls.

Implications of all the available evidence

Recognising the increasing burden of sarcoidosis in England,
along with shifts in age and sex distribution and increased
mortality risk, is crucial for informing healthcare policies and
clinical practices. A thorough understanding of these
epidemiological trends supports the development of more
effective healthcare strategies, optimises resource allocation,
and enables targeted interventions for high-risk populations.

approximately 47 million people who are currently or
were previously registered with participating practices,
with around 16 million patients currently registered,
covering 24% of the UK population.”” The dataset pro-
vides comprehensive patient information, including
demographics, diagnoses, prescriptions, referrals, and
test results, with data available from 1989 to the present.

As EMIS Web® is one of the most widely used
general practice systems in the UK, CPRD offers
extensive geographical coverage and a population that is
representative of the UK in terms of age, sex, and
regional distribution, enhancing the generalisability of
research findings.'® Furthermore, CPRD integrates with
other datasets through trusted linkages, including
Hospital Episode Statistics Admitted Patient Care data
(HES APC) for hospital admissions, mortality records
from the Office for National Statistics (ONS) and so-
cioeconomic data. These linkages enable researchers to
analyse healthcare pathways across primary and sec-
ondary care. Scientific approval for this study was given
by the CPRD Independent Scientific Advisory Com-
mittee (ISAC) Study reference ID 23_003650. CPRD has
received ethical approval from a National Research
Ethics Service Committee (NRES) for all purely obser-
vational research using anonymised CPRD data. No
additional ethical approval was required for this study.

Study population and case definition

Patients were eligible for inclusion if they were aged 18
years and older at the time of sarcoidosis diagnosis, had
contributed data between January 1st 2003 and
December 31st 2023 and their record was labelled as
acceptable by CPRD quality control. Linked data were
available to 31 March 2021.
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We identified individuals with sarcoidosis using a
comprehensive list of 132 diagnostic codes derived from
primary care coding schemes (SNOMED-CT). In in-
dividuals with linked data, secondary care codes (Inter-
national Classification of Diseases, tenth revision [ICD-
10]) were used to confirm diagnosis and determine the
date of first recorded code (Supplementary 1). Incident
diagnoses were defined as the first ever record of
sarcoidosis in primary or secondary care records during
the study period. The index date was defined as the date
of incident sarcoidosis. Individuals who had a diagnosis
of sarcoidosis before the study start date or within the
first 12 months of registration with their general prac-
tice were excluded from incident calculation. Diagnoses
made within the first year of registration are more likely
to reflect historical conditions, as a patient’s full medical
history may not yet be transferred or recorded in the
CPRD. This exclusion reduces the risk of misclassifying
pre-existing (prevalent) cases as incident cases and
aligns with well-established methodological practices in
CPRD-based research.

Patient characteristics

For patients with incident sarcoidosis, we extracted data
on patient characteristics, including socioeconomic sta-
tus, ethnicity, smoking status, body mass index (BMI),
and comorbidities diagnosed before or at the time of the
sarcoidosis diagnosis (sarcoidosis index date). We eval-
uated eight common comorbidities: diabetes, hyperten-
sion, COPD, ischaemic heart disease, chronic kidney
disease, congestive cardiac failure, stroke and cancer.
For these variables, the most recent code prior to the
sarcoidosis index date was recorded. To describe socio-
economic status, we used the Index of Multiple Depri-
vation (IMD) 2015 quintile. Ethnicity data were extracted
from both primary and secondary care records, with the
closest code to sarcoidosis index date recorded.

Matched participants without sarcoidosis

A matched non-sarcoidosis comparator cohort was
constructed within the CPRD dataset. Controls were
randomly selected from individuals without sarcoidosis
for each case based on age (within a 2-year range), sex,
and index date for sarcoidosis in a 4:1 ratio from the
same primary care practice. Individuals with a prior or
new diagnosis of sarcoidosis during follow-up were
excluded. This method provided matches for 99% of the
sarcoidosis population. The non-sarcoidosis patients
were assigned the index date of their matched case.

Statistical analysis

Characteristics at diagnosis (sarcoidosis index date)
were presented for the incident population. For cate-
gorical variables, frequencies refer to complete cases.
Number and percentage of records with missing data
are displayed for variables with missing entries. Inci-
dence was calculated by dividing the number of incident
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cases by the total person-years in the CPRD. Point
prevalence was calculated by dividing the number of
people with at least one code for sarcoidosis at mid-
calendar year by the number of individuals contrib-
uting data to CPRD at the same time point. Sensitivity
analyses were performed restricting the prevalent cohort
to individuals with i) two or more codes for sarcoidosis
issued on two different occasions, ii) a primary care
code for sarcoidosis, whether first, second, or subse-
quent, from 2003 onwards. Age and sex-specific rates
were computed. Standardised rates were calculated by
applying direct age and sex standardisation to the 2013
European Standard Population.”” The European Stan-
dard Population is an artificial population structure,
designed and published by the statistical office of the
European Union, to allow the calculation of age-
standardised and sex-standardised rates that are com-
parable across regions and time. Confidence intervals at
the 95% level were calculated using the normal
approximation (Wald method). Variance-weighted least-
squares regression, incorporating standard errors was
used to examine trends in annual incidence over the
study period. The normality of residuals was assessed
using histograms, while scatter plots of residuals versus
fitted values and the Ramsey test were applied to assess
linearity. To explore potential non-linear trends, both
restricted cubic splines and Joinpoint analysis were
employed. To account for heteroscedasticity and auto-
correlation, we applied the Newey—West estimator with
a two-year, three year and four-year lag. Estimated crude
incidence rates for the English population were inferred
by applying year-and age-specific incidence to England
census mid-year population estimates.

All-cause mortality data were extracted via linkage
with ONS national death registries, available for 75%
percent of patients. For individuals without data linkage,
date of death was extracted from primary care records
alone. Annual all-cause mortality rates were calculated
for the prevalent population, by dividing the total
number of deaths by the number of individuals
contributing data to CPRD at the mid-calendar year, and
stratified by age, sex and ethnicity. Standardised rates
were calculated by applying direct age-and-sex-
standardisation to the 2013 European Standard Popu-
lation. Standardised mortality ratios (SMRs) were
calculated by indirect standardisation and derived from
the ratio of the number of observed deaths to the
number of expected deaths using the general mortality
in the population using ONS mortality data from En-
gland. Confidence intervals at the 95% level were
calculated using the Poisson exact method.

A mixed-effects Poisson regression model with a log
link was used to estimate all-cause mortality rates and
compare them between the incident sarcoidosis cohort
and the matched non-sarcoidosis population. Each
control was assigned the index date of their matched
case’s sarcoidosis diagnosis. The model included a
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random intercept for each individual to account for
within-person correlation, and standard errors were
clustered at the matched pair level to account for cor-
relation between cases and their matched controls.
Person-years of follow up was accounted for in the
analysis. Multivariable adjustment was made for age,
gender, ethnicity, year of index date, BMI, smoking
status, alcohol intake, and comorbidity selected based on
a causal model (Supplementary 2A). A complete case
approach was used. Missingness of covariate data was
assessed, and sensitivity analyses were conducted to
address the impact of missing data (Supplementary 2B).
The marginal rates from the regression model were
used to estimate adjusted mortality rates per 1000 pa-
tient years. Analyses were undertaken using Stata 18.

Role of the funding source
There was no direct funding source for this research.

Results

A total of 56,287 patients had a diagnostic code for
sarcoidosis prior to December 31st 2023. For incidence
calculations, individuals with a code for sarcoidosis
before January 1st, 2003 (35,418 records) or within the
first 12 months of registration with their general practice
(30,858 records) were excluded, leading to 18,554 eligible
patients. The mean age of diagnosis in the incident
cohort was 51 years (SD 14) and 9883 (53.2%) of these
individuals were men. Male patients were diagnosed at a
younger age compared with female patients [49 (SD 14)
versus 53 (SD 14) p < 0.0001]. The most frequent
recorded ethnicity was White (11,333, 63.9%), followed
by Mixed (2394, 13.5%), Asian (1724, 9.7%), and Black
ethnicities (1448, 8.2%) (Table 1). Compared to the ethnic
distribution in England’s 2021 Census,' the sarcoidosis
cohort had a higher proportion of Black and Mixed
ethnicity patients, a lower proportion of White patients,
and a similar proportion of Asian individuals
(Supplementary 3).

Incidence

The age and sex standardised incidence of sarcoidosis
was 6.65 per 100,000 person-years in 2003 and 7.73 per
100,000 person-years in 2023 (Fig. 1a). Regression an-
alyses revealed non-linear trends in annual incidence.
Restricted cubic splines identified three distinct phases:
a gradual initial increase, a steeper rise, and a decline.
Joinpoint analysis confirmed this pattern, detecting
breakpoints in 2010 and 2016 and indicating shifts in
the rate of incidence change: [estimated annual trend in
incidence per 100,000 person-years: pre-2010: 0.10 (95%
CI: 0.03-0.17), 2010 to 2016: 0.40 (95% CI: 0.33-0.48)
and post 2016: -0.7 (95% CI -0.84 to -0.57)]
(Supplementary Figure 4A). When restricting the anal-
ysis to pre-COVID pandemic years (2003-2019), a linear
trend was observed with an annual increase at 0.20 cases

per 100,000 person-years (95% CI 0.18-0.23). There were
minimal differences between standardised and crude
incidence rates (Supplementary Figure 4B). An estimated
absolute number of yearly new diagnoses based on the
English census population data increased from 2496 in
2003 to 3393 in 2023 (Supplementary Figure 4C).

The age-and sex-standardised incidence of sarcoid-
osis was similar between men and women. From 2011
onward, rising incidence rates were primarily driven by
an increase in new diagnoses among males, leading to a
higher incidence in males compared to females by 2023
[males: 8.65 per 100,000 person-years versus females:
6.78 per 100,000 person-years; IRR 1.28]. Throughout
the study period, the crude incidence of sarcoidosis was
highest among those aged 40-60 years. However, there
was a notable increase in new diagnoses in the over-60-
year-old cohort from 2011 onwards. This is reflected
in the rising age at presentation [mean age in 2003:
47 years, SD 14; in 2023: 54 years, SD 14] (Table 1 and
Supplementary Figure 4D).

Prevalence

The prevalence of sarcoidosis, identified using at least
one diagnostic code and standardised by age and sex,
was 167 per 100,000 in 2003 and 230 per 100,000 in
2023 (Fig. 1b). Minimal differences were observed be-
tween standardised and crude rates (Supplementary
Figure 5A). Prevalence was higher in females until
2013, when the rate in males began to surpass that in
females [2023: males: 243 per 100,000 compared to fe-
males: 216 per 100,000].

Sensitivity analyses, which restricted the prevalent
cohort to individuals with two or more primary care
codes for sarcoidosis, showed a lower overall prevalence:
121 per 100,000 in 2023. Similarly, restricting the cohort
to individuals with a primary care code for sarcoidosis
(whether first, second, or subsequent) from 2003 on-
wards, yielded a lower overall prevalence: 168 per
100,000 in 2023 (Supplementary Figure 5B).

Mortality

The age-and-sex-standardised all-cause mortality rate
among the prevalent population was 10.2 per 1000 pa-
tients in 2003 and 12.2 per 1000 patients in 2023
(Fig. 1c). Regression analyses identified non-linear
trends in annual mortality. Restricted cubic splines
revealed three distinct phases: a sharp initial increase,
followed by a more gradual rise, and a decline after
2021. Joinpoint analysis confirmed this pattern, identi-
fying breakpoints in 2005 and 2021, with estimated
annual mortality trends per 1000 patients of 1.43 (95%
CI: 0.53-2.32) before 2005, 0.06 (95% CI: —0.01 to 0.14)
from 2005 to 2021, and -1.05 (95% CI: -1.68 to —0.41)
after 2021 (Supplementary Figure 6A). When restricting
the analysis to pre-COVID vyears (2003-2019), a linear
trend was observed, with an annual increase of 0.10 per
1000 patients (95% CI: 0.03-0.18). Standardised mortality
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Smoking status

Non-smoker 9967 (53.7%)
6178 (33.3%)
2419 (13.0%)

0.0 (0.0, 1.0)

Ex-smoker

Current smoker
Number of comorbidities” (median, IQR)
Obesity

BMI >30 kg/m’ 6261 (36.4%)

5013 (50.7%)
3449 (34.9%)
1426 (14.4%)
0.0 (0.0, 1.0)

2926 (32.8%)

4954 (57.1%)
2727 (31.4%)
993 (11.4%)

1.0 (0.0, 1.0)

1733 (58.5%)
993 (33.5%)
236 (8.0%)

0.0 (0.0, 1.0)

3334 (40.2%) 837 (30.9%)

1334 (48.6%)
890 (32.4%)
519 (18.9%)
1.0 (0.0,1.0)

1116 (42.8%)

371 (55.4%)
176 (26.3%)
123 (18.4%)
0.0 (0.0, 1.0)

177 (29.4%)

BMI, kg/mZ (mean, SD) 28.8 (6.2) 28.4 (5.4) 293 (7.0) 28.0 (5.6) 29.7 (6.9) 27.9 (5.9)
Missing BMI 1346 (7.3%) 970 (9.8%) 376 (4.3%) 253 (8.5%) 137 (5.0%) 68 (10.1%)
Alcohol excess or related comorbidity 736 (4.0%) 511 (5.2%) 224 (2.6%) 67 (2.3%) 162 (5.9%) 12 (1.8%)
Diabetes mellitus 2387 (12.9%) 1196 (12.1%) 1189 (13.7%) 285 (9.6%) 474 (17.3%) 56 (8.4%)
Hypertension 4356 (23.5%) 2067 (20.9%) 2289 (26.4%) 643 (21.7%) 707 (25.8%) 120 (17.9%)
COPD 691 (3.7%) 382 (3.9%) 309 (3.6%) 76 (2.6%) 138 (5.0%) 8 (1.2%)
Ischaemic heart disease 1032 (5.6%) 639 (6.5%) 393 (4.5%) 162 (5.5%) 168 (6.1%) 22 (3.3%)
Heart failure 460 (2.5%) 252 (2.5%) 208 (2.4%) 60 (2.0%) 72 (2.6%) 13 (1.9%)
Chronic kidney disease 1036 (5.6%) 455 (4.6%) 581 (6.7%) 154 (5.2%) 165 (6.0%) 9 (1.3%)
Stroke or TIA 460 (2.5%) 252 (2.5% 208 (2.4%) 69 (2.3%) 66 (2.4%) 14 (2.1%)
Cancer 657 (3.5%) 202 (2.0% 455 (5.2%) 136 (4.6%) 84 (3.1%) 16 (2.4%)

Total Gender IMD quintile Year of diagnosis
Males Females Least deprived Most deprived 2003 2023
N = 18,564 N = 9888 N = 8674 N = 2962 N = 2743 N = 670 N = 952
Age at diagnosis, years (mean, SD) 50.8 (14.0) 49.2 (13.7) 52.5 (14.1) 52.8 (14.0) 48.5 (13.9) 473 (13.4) 53.8 (13.9)
Gender
Males 9888 (53.3%) n/a n/a 1576 (53.2%) 1409 (51.4%) 332 (49.6%) 534 (56.2%)
Females 8674 (46.7%) n/a n/a 1386 (46.8%) 1334 (48.6%) 338 (50.4%) 417 (43.8%)
Ethnicity
White 11,333 (63.9%) 6088 (65.0%) 5245 (62.6%) 2241 (77.8%) 1596 (58.8%) 401 (68.3%) 555 (59.9%)
Black Caribbean or African 1448 (8.2%) 608 (6.5%) 840 (10.0%) 47 (1.6%) 436 (16.1%) 54 (9.2%) 78 (8.4%)
Asian 1724 (9.7%) 898 (9.6%) 826 (9.9%) 185 (6.4%) 373 (13.7%) 44 (7.5%) 91 (9.8%)
Mixed 2394 (13.5%) 1318 (14.1%) 1076 (12.8%) 325 (11.3%) 193 (7.1%) 73 (12.4%) 134 (14.5%)
Other 843 (4.8%) 449 (4.8%) 393 (4.7%) 83 (2.9%) 117 (4.3%) 15 (2.6%) 69 (7.4%)
Missing ethnicity 822 (4.4%) 527 (5.3%) 294 (3.4%) 81 (2.7%) 28 (1.0%) 83 (12.4%) 25 (2.6%)
Socioeconomic status quintile
Least deprived 2962 (20.6%) 1576 (20.6%) 1386 (20.6%) n/a n/a 103 (20.1%) 128 (19.2%)
Most deprived 2743 (19.1%) 1409 (18.4%) 1334 (19.8%) n/a n/a 94 (18.3%) 134 (20.1%)
Missing IMD 4175 (22.5%) 2225 (22.5%) 1949 (22.5%) n/a n/a 157 (23.4%) 284 (29.8%)

540
317
95
1.0

56.7%)
33.3%)
10.0%)
0.0, 2.0)

334
29.4
91
69
174
263
40
74
51
67
41
52

38.8%)
6.6)
9.6%)
7.2%)
18.3%)
27.6%)
4.2%)
7.8%)
5.4%)
7.0%)
4.3%)
5.5%)

Abbreviations: BMI, body mass index; IQR, interquartile range; COPD, chronic obstructive pulmonary disease; TIA, transient ischaemic attack. *Number of comorbidities at sarcoidosis index date = One or
more of the following: diabetes, hypertension, chronic obstructive pulmonary disease, ischaemic heart disease, chronic kidney disease, congestive cardiac failure, stroke/transient ischaemic attack and

cancer. Number and percentage of records with missing data are displayed for variables with missing entries. For variables with missing entries, category percentages are calculated out of participants with
complete data and percentages for missing data are calculated out of total participants.

Table 1: Characteristics at diagnosis of patients with incident sarcoidosis between 2003 and 2023.

rates remained consistently lower than crude rates from
2007 onwards, resulting in a more moderate increase in
mortality over the study period (Supplementary
Figure 6B). Mortality rates were higher in males
compared to females from 2009 until the end of the study
period.

To calculate the standardised mortality ratio (SMR),
ONS data on age-specific deaths in England were used
(available from 2006 onwards). Relative to the general
population, elevated all-cause mortality was observed in
both males [SMR: 1.8 (1.7-1.8) and females [SMR: 2.1
(2.0-2.2)] (Fig. 2). SMRs exceeded 1 in each decade of
age from 30 to 69, with females consistently showing
higher SMRs than males. For individuals over 70,
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however, the SMR was 1 or below, indicating that all-
cause mortality in this age group was similar to or
lower than that of the general population. Annual SMRs
were elevated in males and females aged 18-49 years
old, although confidence intervals were wide, and levels
fluctuated during the study period. A more modest
elevation was observed in males and females aged 50 to
69 (Supplementary Figure 6C).

Of the 18,556 incident cases diagnosed between 2003
and 2023, 1848 died during follow-up. On average, in-
dividuals with sarcoidosis died 2 years younger than their
matched comparators (median age at death 72 (62-80)
years versus 74 (63-82) p < 0.0001 (Supplementary
Table 7A). The age-and sex-adjusted mortality rate was
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Fig. 1: Age and sex standardised incidence, prevalence and mortality of Sarcoidosis. a. Incidence of sarcoidosis per 100,000 person-years b. Point
prevalence of sarcoidosis per 100,000 population c. All-cause mortality of sarcoidosis per 1000 population.

14.4 per 1000 person-years in incident sarcoidosis cases  adjustment for key covariates, individuals with sarcoid-
(95% CI 13.7-15.0) and 10.8 per 1000 person-years in  osis had a 34% higher mortality rate compared to
matched comparators (95% CI 10.5-11.0) (Table 2). After ~ matched controls: mortality rate ratio 1.36 (95% CI
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Fig. 2: Standardised Mortality Ratios (SMRs) across study duration presented by age and sex. An SMR greater than 1 indicates that all-cause
mortality rates in the sarcoidosis cohort is greater than that seen in the general population.

1.27-1.44), p < 0.0001. A trend towards increased risk
was seen across all age groups from 50 years onwards.
Missing data were identified for ethnicity, BMI and IMD.
Sensitivity analyses conducted to assess the impact of
these missing data, yielded estimates consistent with the
primary analysis (Supplementary 7B).

Discussion

This population-based study represents the most
comprehensive examination of sarcoidosis incidence in
England, utilising the largest cohort to date and sur-
passing previous data that are over 20 years old. This is
also the first study to describe the prevalence of
sarcoidosis in England. Both incidence and prevalence
have increased during the study period with notable
shifts in age and sex distribution. There has been a
small increase in all-cause mortality, with rates that
exceed those of the general population, particularly
amongst individuals aged 30-70 years. This higher risk
of death was also observed in the incident cohort when
compared to an age-and-sex-matched population within
the CPRD.

Our incidence estimate of sarcoidosis is higher than
previous estimates. While the overall incidence
increased during the study period, the rate in the first
year of our study, 2003, was only marginally higher than
the rate reported for the 2000-2003 period in previously
published data.”” In comparison to global rates, the
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incidence in the UK is now comparable to that of Can-
ada* and the USA,? but remains lower than Sweden® and
Denmark."” We estimated the prevalence of sarcoidosis
at 230 per 100,000 people in 2023. However, sensitivity
analyses using stricter criteria yielded lower estimates
(121 per 100,000), suggesting the true prevalence lies
between these values. Our upper-bound estimate of
prevalence in England is higher than those reported in
the USA® and Denmark,"” but aligns with calculations
from Switzerland,” Sweden,’ and Canada.* The change
in prevalence during the study period may reflect the
longer observation period of data. As seen in other
chronic conditions, extended observation periods allow
for the cumulative inclusion of cases over time, and if
there are favourable survival rates, the number of in-
dividuals living with the condition continues to rise.”*
It is widely acknowledged that the incidence and
prevalence of sarcoidosis varies across the world due to a
combination of genetic, environmental, and socio-
demographic factors. However differences in estimates
may also relate to the choice of dataset and the definition
of sarcoidosis which can lead to over- or underestima-
tion.” We defined sarcoidosis by primary care codes,
which captures a broader range of cases, including
milder or early-stage disease, but may be less precise. In
contrast, epidemiological studies using hospital admis-
sions or outpatient data may be more accurate, reflect-
ing severe or complex cases, but may miss those
diagnosed or managed solely in primary care.”
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Sarcoidosis Matched control population Mortality rate ratio (95% Cl)
Deaths ~ Person-years ~ Mortality rate per 1000  Deaths  Person-years  Mortality rate per 1000  Age and sex adjusted model  Fully adjusted model
exposed person-years (95% Cl) exposed person-years (95% Cl)
Overall 1848 146,357 14.4 (13.7-15.0) 5616 530,601 10.8 (10.5-11.0) 134 (1.27-1.41), p < 0.0001  1.36 (1.27-1.44), p < 0.0001
Sex
Females 915 70,053 14.4 (13.7-15.1) 2709 257,062 10.8 (10.4-11.2) 138 (1.28-1.48), p < 0.0001 136 (1.24-1.48), p < 0.0001
Males 933 76,304 14.3 (13.6-15.0) 2907 273,539 10.7 (10.4-11.1) 1.30 (1.21-1.40), p < 0.0001 1.35 (1.24-1.48), p < 0.0001
Age at diagnosis
18-29 5 7863 8 (0.8-0.9) 20 25,813 6 (0.6-0.7) 0.79 (0.29-2.13), p = 0.64 -
30-39 68 27,987 0 (1.9-2.2) 167 93,006 15 (1.4-1.6 136 (0.99-1.88), p = 0.059  1.37 (0.93-2.04), p = 0.11
40-49 185 41,292 8 (4.5-5.1) 553 143,201 6 (34-3.8 115 (0.95-1.39), p = 0.14 -
50-59 370 36,882 10. 8 (10.3-11.3) 1037 136,045 8.1 (7.9-8.4) 1.34 (1.18-1.53), p < 0.0001 1.43 (1.22-1.68), p < 0.0001
60-69 509 21,122 25.5 (24.4-26.7) 1466 84,106 19.1 (18.6-19.6) 1.42 (1.26-1.59), p < 0.0001  1.49 (1.30-1.71), p < 0.0001
70-80 513 9452 56.2 (53.5-59.0) 1675 40,258 42.1 (40.8-43.3) 138 (1.25-1.52), p < 0.0001 135 (1.19-1.52), p < 0.0001
>80 198 1758 113.7 (107.3-120.1) 698 8172 85.1 (81.7-88.5) 1.41 (1.20-1.65), p < 0.0001 136 (1.13-1.63), p = 0.0013
Mortality rates estimated using Poisson regression models adjusted for age and sex. Mortality rate ratio estimated using Poisson regression. Model 1 was adjusted for age and sex. Model 2 adjusted for age
and sex, ethnicity, year of exposure start, smoking status and comorbidity at index date (obesity, diabetes, hypertension, chronic obstructive pulmonary disease, ischaemic heart disease, chronic kidney
disease, congestive cardiac failure, stroke/transient ischaemic attack and cancer). The model did not converge for age groups 18-29 and 40-49 in the fully adjusted model.
Table 2: All-cause mortality: sarcoidosis incident cohort versus matched cohort.

Differences in age and sex distribution between coun-
tries can also complicate comparisons of incidence and
prevalence.” In this study, we standardised our rates by
age and sex to enable more accurate cross-population

comparisons. However, not all studies apply this
standardisation, which makes direct comparisons
challenging.

We observed that sarcoidosis incidence did not in-
crease at a constant rate but followed a complex trajec-
tory with periods of acceleration and decline. The most
pronounced rise occurred between 2010 and 2016. This
trend aligns with findings from other longitudinal
studies.”* In Denmark, the sharpest increase was re-
ported in individuals who were not receiving treatment
for their sarcoidosis, with the authors suggesting that
growing use of diagnostic imaging may have led to more
incidental findings of sarcoidosis.” Similarly, in En-
gland, diagnostic techniques, such as the increased
availability of FDG PET-CT scans and endobronchial
ultrasound,” have likely contributed to the rise in new
diagnoses. The publication of key guidelines during this
period, including the WASOG Criteria for Organ
Involvement in Sarcoidosis* and the Heart Rhythm
Society Consensus Statement on Cardiac Sarcoidosis?”’
may also have played a significant role. These publica-
tions likely improved awareness among healthcare pro-
viders, standardised diagnostic practices, and facilitated
earlier detection of the disease. Other potential expla-
nations for the rising incidence include increasing
obesity”** and possible, yet unknown, changes in
environmental or occupational exposures.”

Although the primary objective of our study was not
to investigate the impact of the COVID-19 pandemic,
analysis restricted to the pre-pandemic years
(2003-2019) demonstrated a numerically higher annual

increase in sarcoidosis incidence compared to analyses
that included the pandemic years. While this specific
trend has not been reported for sarcoidosis, the
pandemic has been linked to a significant reduction in
the diagnosis of other conditions.**? It is possible that
the pandemic had a differential impact on sarcoidosis
diagnoses across age groups, potentially influencing the
observed differences in incidence trends, although we
lack evidence to confirm this.

We observed shifts in age and sex distribution, with a
rising incidence among males and those over 60 years.
Similar  trends have Dbeen noted in other
countries.****>**3* Additionally, we found that males had
a younger age of onset compared to females, a pattern
now recognised.*** The observed second peak in disease
onset may reflect increased incidental diagnoses in a
highly medicalised population with age-related comor-
bidities. Alternatively, it could represent a distinct path-
ophysiological subset of sarcoidosis in older adults,
potentially driven by immunosenescence or prolonged
exposure to triggers such as infections or organic anti-
gens.” In females, hormonal changes after menopause
may modulate immune responses with loss of the po-
tential protective effect of oestrogen®

Although mortality estimates for sarcoidosis vary
across studies due to differences in demographics, dis-
ease severity, and healthcare settings, an increasing risk
of death overtime has been consistently observed.”’ In
our study, the observed rise in all-cause mortality
attenuated after age and sex standardisation, suggesting
that changes in population structure contributed to the
increase in crude mortality rates. Several studies have
compared the mortality rate in sarcoidosis with that of
the general population.* In the Black Women’s Health
Study, women with sarcoidosis were more than twice as
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likely to die as women without the disease, which was
persistent across all age groups.” After adjusting for key
covariates, we demonstrated that individuals with
sarcoidosis had a 36% higher mortality rate compared to
matched controls (mortality rate ratio 1.36 (95% CI
1.27-1.44), a risk that remained consistent across age
groups from 50 years onwards. The narrow confidence
interval suggests a precise estimate; however, its validity
depends on the absence of unmeasured confounding,
which should be considered when interpreting these
findings.

A major strength of our study is the validated
population-level data source used, containing pseudo-
nymised data on over 55,000 patients with sarcoidosis,
and covering a period of 20 years.” Data is representa-
tive of the broader English population in terms of
geographical spread, deprivation as well as age and
gender.”

There are several limitations of this study. Firstly, the
reliance on primary care data to identify sarcoidosis
codes, despite sarcoidosis typically being diagnosed in
secondary care, except for classical Lofgren’s syndrome.
The UK does not have a centralised electronic health
record (EHR) system that integrates data across all sec-
ondary care outpatient settings. Consequently, informa-
tion generated during outpatient consultations remains
difficult to access for research purposes. It is however
standard practice in the UK for new diagnoses made in
secondary care to be recorded in primary care EHRs.
Validation studies have evaluated the completeness of
GP-recorded diagnoses originating from hospital con-
sultations, with high accuracy and completeness.”” As
CPRD does not capture granular data from routine
outpatient hospital care, we did not have information on
the specialty responsible for the diagnosis of sarcoidosis,
whether histological confirmation was obtained, imaging
results, and medications prescribed exclusively in outpa-
tient settings. While prescriptions for corticosteroids and
steroid-sparing medications from primary care were
reviewed, these data are not presented as they likely un-
derestimate the actual treatment rates within the cohort
and may introduce bias. The limited availability of
detailed data on sarcoidosis phenotypes posed a challenge
in identifying the number of individuals with Lofgren’s
syndrome, a distinct subset of the disease. This pheno-
type was rarely coded in the dataset, yet its separate
reporting on incidence and prevalence could have offered
valuable insights.

Second is the potential for diagnostic misclassifica-
tion, as it depends on the precision and reliability of
clinicians or administrative staff tasked with entering
the codes. The validity of a sarcoidosis code in the CPRD
has not been examined, though other disease codes
show high positive predictive values.* Validation studies
of secondary care codes for sarcoidosis indicate that
using two or more codes improves confirmation rates."
Applying a similar requirement in a primary care setting
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may lead to under-reporting as most patients with
sarcoidosis are managed in secondary care and may only
receive a primary care code if presenting to their general
practitioner with an acute issue relating to sarcoidosis.

Thirdly, we did not have denominator data broken
down by ethnic group, which limited our ability to
present incidence and prevalence by ethnicity. This
could have provided valuable insights into potential
disparities in disease patterns and outcomes across
different ethnic groups.

Fourthly, mortality data were obtained from linked
ONS death registrations, which is the gold standard for
mortality research in England and Wales due to its high
coverage and reliability. However, linkage to ONS data
was available for only 75% of the study cohort, and
mortality data from 2021 onwards are not yet available.
CPRD also captures deaths, and while the date and
cause of death may be less reliable compared to ONS
data, the overall identification of deaths closely aligns
with ONS records* We acknowledge that these linkage
limitations may have led to an underestimation of
mortality and could have influenced the analysis of time
trends. Reassuringly sensitivity analyses of mortality
rate ratios, restricted to cases and matched controls with
linked data, yielded results consistent with the primary
analysis.

Lastly, there is the potential impact of unmeasured
confounders, such as lifestyle factors, or residual con-
founding arising from measurement errors in variables
like smoking status. These factors may have influenced
the effect estimates from our models examining mor-
tality risk, highlighting the challenges of accurately
capturing complex behaviours in observational studies.

In conclusion, the incidence of sarcoidosis in En-
gland is rising, with notable shifts in age and sex dis-
tribution. Mortality rates have increased, with younger
patients facing a higher risk of death compared to the
general population. Recognising the burden of disease
and its associated mortality is crucial for refining
healthcare policies, optimising resource allocation and
ultimately improving patient outcomes.
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