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Risk of Sudden Death in a General 
Unbiased Epidemiological Cohort of 
Sarcoidosis
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Grace Lin , MD; Virend K. Somers , MD, PhD; Cynthia S. Crowson, PhD; Eric L. Matteson, MD, MPH; 
Patompong Ungprasert, MD, MS

BACKGROUND: Sarcoidosis is an inflammatory, noncaseating, granulomatous disorder of unknown cause that can affect any 
body system and is associated with cardiovascular disease including sudden cardiac death (SCD). Cardiac involvement in sar-
coidosis is associated with higher risk of SCD, but the SCD risk in the general sarcoidosis population is unknown. We aimed 
to determine the risk of SCD in people with sarcoidosis versus the matched general population.

METHODS AND RESULTS: A population-based cohort of sarcoidosis and age- and sex-matched comparators from January 1, 
1976 to December 31, 2013 was used; presence of other comorbidities in the comparator group was not an exclusion crite-
rion. Mortality, including time, place, and cause of death were measured and manually adjudicated for SCD events. Incidence 
rates are reported per 100 000 person-years, and Cox models were used for group comparisons. Of the 345 incident cases 
of sarcoidosis (171 men; 50%) there were 58 reported deaths; 10 were definite/probable SCD versus 57 all-cause and 9 SCDs 
in comparators. Median follow-up was 12.9 years (interquartile range, 6.0–23.4 years) . Incidence rate of SCD in sarcoidosis 
was 192 (95% CI, 92–352) versus 155 (95% CI, 71–294) in comparators (hazard ratio [HR], 1.28 (95% CI, 0.52–3.17). Nocturnal 
deaths were more frequent in sarcoidosis 57 (95% CI, 12–168) versus 17 (95% CI, 0.4–95) (HR, 3.76 [95% CI, 0.39–36.47]). 
No significant differences were detected between the groups by sex, age, calendar year of diagnosis, or disease duration.

CONCLUSIONS: In a population-based cohort of patients with sarcoidosis, the risk for SCD compared with matched com-
parators was not increased. There were more nocturnal deaths among patients with sarcoidosis, yet this was statistically 
insignificant.
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Sarcoidosis is a noncaseating granulomatous disor-
der that can affect any organ, with a wide spectrum 
of disease presentation and long-term sequelae. 

The cause is unknown but thought to involve an un-
known antigenic trigger (possible inorganic molecule) in 
genetically predisposed individuals mounting an immune 
response.1,2 This results in granuloma formation, consist-
ing of macrophages predominantly, as well as CD4 (clus-
ter of differentiation 4) and CD8 (cluster of differentiation 

8) cells. The primary organ systems involved are the 
lungs and lymphatic system, but also include skin, liver, 
and neurological systems. Rarely, the disease can affect 
the heart in isolation, or more frequently with pulmonary, 
lymph node, and skin involvement, and when present is 
called cardiac sarcoidosis (CS). Moreover, CS can occur 
at the index presentation or involve the heart at a later 
stage. Involvement of the heart can result in an inflam-
matory cardiomyopathy presenting as: (1) myocarditis, 
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with arrhythmias (brady and tachy) leading to sudden 
cardiac death (SCD) events; (2) morphological changes 
similar to idiopathic dilated cardiomyopathy and arrhyth-
mogenic ventricular cardiomyopathy; (3) coronary artery 
dissection; (4) chronic forms with heart failure syndrome; 
and (5) no clinical consequences.3

Although it is believed that people with isolated or 
multiorgan CS are at higher risk of SCD events, when 
this occurs during disease progression is unknown.4 
Furthermore, the sentinel event can be SCD, thus 
making detection of CS and risk stratification challeng-
ing. Most data reporting a higher SCD risk with CS 
are observational, with tertiary referral bias represent-
ing a more advanced disease process and with short 
follow-up durations.3 A common clinical and unknown 
pertinent question asked by clinicians and patients is: 
What is the incidence of SCD in patients with sarcoid-
osis with any organ involvement? Furthermore, it is 
unknown whether this risk is higher than the general 
population, different between sexes, has day–night 
variation, and whether this risk changes with disease 
trajectory. The aims of this study were to determine 

the incident rates of SCD events in a population-based 
cohort of sarcoidosis with long follow-up duration.

METHODS
Data will be made available on a case-by-case basis 
to investigators following a written request to the cor-
responding author.

This study was approved by the institutional review 
boards of both the Mayo Clinic and Olmsted Medical 
Center. Patients provided written permission for review 
of their medical records. A population-based cohort of 
incident cases of sarcoidosis and 345 age- and sex-
matched comparators in Olmsted County, Minnesota 
over January 1, 1976 to December 31, 2013 was 
identified through the resources of the Rochester 
Epidemiology Project.5 In brief, a combination of val-
idated International Classification of Diseases, Ninth 
Revision (ICD-9), Hospital International Classification 
of Disease Adaptation, and pre–ICD-9 Mayo Berkson 
codes to identify possible sarcoidosis and noncase-
ating granulomatous disease that underwent manual 
adjudication were used. This strategy included cases 
diagnosed at postmortem and cases with sudden 
death. The Rochester Epidemiology Project provides 
access to the comprehensive and complete medical 
records of all residents of Olmsted County, which in-
cludes the city of Rochester, seeking medical care 
through all of the health care providers (including Mayo 
Clinic, Olmsted Medical Center and its affiliated hos-
pitals, nursing homes, and private providers) for over 
6 decades. A record linkage system unifies these re-
cords as part of the Rochester Epidemiology Project, 
facilitating robust epidemiological research, and 
through multiple-source ascertainment ensures virtu-
ally all clinical cases of sarcoidosis diagnosed in vivo 
and postmortem are captured.6 In addition to census 
data, mortality and cause of death are collected reg-
ularly using Minnesota state records and the National 
Death Index.

Each case was manually reviewed,3, 7 and clinical 
variables abstracted using a predefined data dictio-
nary and case note abstraction form set up and pi-
loted in REDCap (Research Electronic Data Capture; 
Vanderbilt University, Nashville, TN). Date of diagnosis, 
age, sex, self-reported ethnicity, smoking status, intra-
thoracic and extrathoracic disease, symptoms, radio-
logical findings, serum angiotensin-converting enzyme 
levels, and calcium levels were recorded. For living 
subjects, the last date of follow-up and clinical status 
were also recorded. Mortality, including time, place, 
and cause of death were individually reviewed for 
decedents and categorized into cardiovascular-related 
deaths and SCD events. A death was considered an 
SCD event in accordance with accepted definition by 

CLINICAL PERSPECTIVE

What Is New?
•	 An epidemiologically matched cohort of sar-

coidosis affecting any organ has similar sudden 
cardiac death risk to the nonsarcoid population.

•	 The sarcoidosis cohort was more likely to have 
nocturnal deaths compared with the matched 
cohort.

•	 Most published data on sudden cardiac death 
risk in sarcoidosis are highly prone to tertiary 
center referral bias, with more severe and ad-
vanced forms of cardiac sarcoidosis. These are 
the first population-based data addressing sud-
den cardiac death risk showing no difference.

What Are the Clinical Implications?
•	 The majority of patients have extracardiac sar-

coidosis and want to know the risk of sudden 
cardiac death.

•	 Patients can be counseled that the risk is simi-
lar to age- and sex-matched controls without 
sarcoidosis.

•	 Screening for cardiac involvement should 
continue.

Nonstandard Abbreviations and Acronyms

CS	 cardiac sarcoidosis
SCD	 sudden cardiac death
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the American College of Cardiology, American Heart 
Association, and Heart Rhythm Society: death oc-
curring within 60 minutes of the onset of symptoms 
or within 24-hours if the death was unexpected, un-
witnessed, and the subject was well in the preceding 
days, or an autopsy confirmed no other competing 
cause.8

Comparator Group
Nonsarcoid (referent control) comparators matched 
by age and sex in the year of sarcoid diagnosis were 
randomly selected from the Rochester Epidemiology 
Project by computer (1 case:1 comparator). Each com-
parator was manually reviewed to ensure there was no 
prior diagnosis of sarcoidosis (either CS or extra-CS) 
but could have any other disease (ie, the comparator 
group is not disease-free healthy individuals). Baseline 
variables were manually abstracted for each compara-
tor as described above for the cases. The presence 
of other comorbidities was not an exclusion criterion, 
because the aim was to determine prevalence of co-
morbidities and outcomes including SCD in the gen-
eral nonsarcoid population.

Internal Validity and Accuracy
Review of mortality was conducted by the first author 
(C.A.A.C.). Case verification and abstraction of vari-
ables were conducted by the senior author (P.U.), and 
to ensure validity and accuracy, 10% were randomly 
selected and reviewed by the coauthors (E.L.M. and 
P.U.).5

Statistical Analysis
Categorical variables are reported as frequencies 
and continuous variables with either means and SD 
or where skewed medians with 25th and 75th percen-
tiles. Characteristics were compared between cohorts 
using χ2 and rank sum tests. Incidence rates of SCD 
are reported per 100 000 person-years, and 95% CIs 
were obtained by assuming that the number of SCD 
events followed the Poisson distribution. Poisson re-
gression models with smoothing splines were used 
to examine trends over time to allow for nonlinear ef-
fects. Overall mortality rates were estimated using the 
Kaplan-Meier method. The cumulative incidence of 
SCD was estimated with adjustment for competing risk 
of death by other causes.9 These methods are simi-
lar to the Kaplan-Meier method, with censoring of pa-
tients who are still alive at last follow-up. Patients who 
die without SCD events are appropriately accounted 
for to avoid overestimation of the rate of occurrence of 
SCD, which can occur if such subjects are simply cen-
sored at death. Cox proportional hazards models were 
used to compare the rate of SCD between cases and 

comparators. The proportional hazards assumptions 
were checked using Schoenfeld residuals, and no vio-
lations were found. A P value of <0.05 was considered 
statistically significant for all analyses. Analyses were 
performed using SAS version 9.4 (SAS Institute, Cary, 
NC) and R version 3.4.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS
The final study sample included 345 incident cases 
of sarcoidosis from January 1, 1976 to December 31, 
2013 and 345 comparators matched by age, sex, and 
year of diagnosis. Baseline characteristics are de-
scribed in Table 1. The body mass index was slightly 
higher in the sarcoidosis cohort versus the compara-
tor group (30.1±7.5 versus 27.4±5.6, P<0.001). Cardiac 
involvement was only seen in 10 (2.9%) cases, none of 
which had isolated CS.

Follow-Up and Survival
The median length of follow-up was 12.9 years (inter-
quartile range, 6.0–23.4 years), with a total of 5220 
person-years of follow-up. In the matched comparator 
group, median follow-up was 15.8 years (interquartile 
range, 6.8–25.5 years), with a total of 5819 person-
years follow-up. The overall all-cause mortality was 
similar in the cohort of incident sarcoidosis cases (58 
deaths) and the comparator group (57 deaths; hazard 
ratio [HR], 1.14 [95% CI, 0.79–1.64]).

The number of SCD events was similar, with 10 
in the sarcoid cohort and 9 in the comparator group 
(Table 2). The incidence rate of SCD in sarcoidosis was 
192 (95% CI, 92–352) versus 155 (95% CI, 71–294) per 
100 000 person-years in comparators (HR, 1.28 [95% 
CI, 0.52–3.17]; Figure 1). There were no significant dif-
ferences between the groups by sex, disease duration, 
age, or calendar year of incidence/index (Figure  2). 
There was no difference in cumulative incidence of any 
SCD events adjusted for competing risk of death from 
other causes in patients with sarcoidosis versus non-
sarcoidosis comparators (Figure 3). Nocturnal deaths 
were more frequent in sarcoidosis, with an incidence 
rate of 57 (95% CI, 12–168) versus 17 (95% CI, 0.4–95) 
per 100 000 per son-years (HR, 3.76 [95% CI, 0.39–
36.47]; P=0.25; Figure  4). The nocturnal frequency 
was higher for both women and men, though it did not 
reach significance. Overall design and results are sum-
marized in Figure 5. Cox proportional hazards ratios for 
univariate variables of age, male sex, and absence of 
intrathoracic disease are included in Table S1.

Of the 345 sarcoid cases, 18 patients received 
a cardiac implantable electronic device. This 
included 11 with a permanent pacemaker, 6 with an 
implantable cardioverter-defibrillator (ICD), and 1 with 
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a biventricular ICD. Of these device recipients, 8 had 
confirmed CS (ICD, n=4; permanent pacemaker, 
n=3; and biventricular ICD, n=1). Of the remaining 10 
patients who received a cardiac implantable electronic 
device and did not have evidence of CS, 1 received 
an ICD for primary prevention with hypertrophic 
cardiomyopathy and a remote history of biopsy-proven 
isolated pulmonary sarcoidosis. The other 9 patients 
received a permanent pacemaker when in the seventh 
and eighth decades of life. These cardiac implantable 
electronic device implants occurred several decades 
after a diagnosis of pulmonary sarcoidosis, when 
sarcoidosis was quiescent or burnt out and the cause 
of conduction system disease most likely to be age-
related fibrosis and sclerosis.10

DISCUSSION
This epidemiological study has several important 
and clinically relevant findings. First, in this cohort 
of sarcoidosis in a geographically and temporally 

well-defined North Central US population with 5819 
person-years of follow-up, the incidence of overall 
mortality and SCD events was similar, with no signifi-
cant difference to the general population matched by 
age and sex.11 Second, the major clinical concern of 
SCD being the first manifestation of CS in patients with 
non-CS was not observed. Third, there were no dif-
ferences in lifetime all-cause mortality or SCD using 
sex as a biological variable. Fourth, there was a trend 
to differential day–night variation of SCD events, with 
more nocturnal events in patients with sarcoidosis ver-
sus the general population, but this did not reach sta-
tistical significance.

Incidence and Organ Involvement in 
Sarcoidosis
A wide-range of estimated incidence rates of sarcoido-
sis have been previously reported with differences 
between countries,12 sexes, as well as differences 
between racial groups within the same country.12–14 
The incidence in this study cohort is similar to other 

Table 1.  Baseline Clinical Characteristics

Variable Cohort with sarcoidosis, n=345 Comparator group, n=345 P value

Age at diagnosis of sarcoid, y, mean±SD 45.6±13.6 45.4±13.7 0.87

Male sex, n (%) 174 (50) 174 (50) 1.0

BMI, kg/m2, mean±SD 30.1±7.5 27.4±5.6 <0.001*

Organ involvement, n (%)

Intrathoracic 335 (97%) … …

Intrathoracic lymphadenopathy 169 (50%) … …

Lung parenchymal involvement 145 (43%) … …

Skin 63 (18%) … …

Arthralgia 43 (20%) … …

Ophthalmological 24 (7%) … …

Hepatic 20 (6%) … …

Splenic 13 (4%) … …

Renal 12 (3%) … …

Neurological 12 (3%) … …

Exocrine gland 7 (2%) … …

Upper respiratory tract 6 (2%) … …

Cardiac involvement 10 (2.9%) … …

Bone 1 … …

Smoking status at diagnosis, n (%)

Never 198 (60) 132 (42%) <0.001*

Former smoker 71 (21) 70 (22%)

Current smoker 63 (19) 115 (36%)

Unknown 13 28

Laboratory values, n positive/n tested (%)

Elevated serum ACE 121/287 (42%) … …

Elevated serum calcium level 32/295 (16%) … …

Continuous variables are presented as mean±SD and categorical variables as number (percent). Asterisk (*) refers to being significant. ACE indicates 
angiotensin-converting enzyme; and BMI, body mass index.



J Am Heart Assoc. 2022;11:e025479. DOI: 10.1161/JAHA.122.025479� 5

Chahal et al� Sudden Death Risk in Sarcoidosis

predominantly White populations estimated as 10.0 
(95% CI, 9.0–10.9) per 100 000 population after adjust-
ing for age and sex to the 2010 US White population.5,15 
The majority of studies report primary intrathoracic 
involvement; isolated nonpulmonary involvement is 
rare.15 In our cohort, intrathoracic involvement (defined 
as parenchymal involvement and/or lymphadenopa-
thy) was present in 335 (97%) cases. Of the intratho-
racic cases, 293 (87%) had lymphadenopathy and 169 
(50%) had radiographic and/or histological evidence 
of interstitial lung infiltration. Only 145 (43%) reported 
respiratory symptoms (dry cough, shortness of breath, 
and chest pain). The most frequent extrathoracic in-
volvement included skin (63 cases, 18%), arthralgia 
(43 cases, 12%), and ophthalmologic involvement 
(24 cases, 7%). Cardiac involvement was seen in 10 
(2.9%) cases, none of which had isolated CS. Isolated 
extrapulmonary sarcoidosis was rare and was seen in 
only 10 (3%) patients.

Mortality and SCD
Mortality estimates for patients with sarcoidosis have 
varied, with some studies suggesting no difference 
compared with the general population and others 
suggesting differences based on the presence of pri-
mary organ involvement, the degree of organ dysfunc-
tion and multiorgan involvement, sex, and race.16, 17 A 
French death-certificate based study reported a higher 
age-adjusted standardized mortality ratio of 3.6 per 
million population in sarcoidosis versus nonsarcoido-
sis, younger age at diagnosis, and male sex as highest 
risk, as well as a marked north–south gradient of mor-
tality.16 However, this is prone to reporting and causes 
of death, dependent on the seniority and expertise of 
the certifier. There was no denominator of actual sar-
coid cases, no manual review of each case, granularity 
such as organ involvement, and the authors conclude 
this is an overestimate and not applicable to the gen-
eral population. A Korean study of electronic health 
records reported an incidence of 1.3 per 100 000 
(markedly lower than in our data), yet a standardized 
mortality ratio of 1.7 (95% CI, 1.5–1.8).17 This study was 
based entirely on single diagnostic codes, no man-
ual validation or case note review, unknown causes 
of death, and no assessment of tuberculosis status, 
which is known to be high in Korea. The authors ac-
knowledge that these data likely include many false-
positive cases, excluding sarcoidosis as the primary 
diagnosis code.

The usual age of onset for sarcoidosis is between 
the ages of 25 and 45 years, with onset rare in those 
aged <15 years and those aged >70 years. A prior 
study from Olmsted County, Minnesota determined in-
cident rates of SCD in subjects aged 20 to 40 years as 
44.9 per 100 000 (61 per 1000 person-years) over the 
periods from 1960 to 1989.18 In that study, none of the 
deaths were because of sarcoidosis, although 4 were 
attributed to myocarditis histologically, in the absence 

Table 2.  SCD Among Patients With Sarcoidosis Compared With Age- and Sex-Matched Comparators Without Sarcoidosis

Cause category
No. of deaths in sarcoidosis/
nonsarcoidosis

Rate* in 
sarcoidosis  
(95% CI)

Rate* in nonsarcoidosis 
(95% CI)

Hazard ratio† 
(95% CI)

Any SCD, A, B, C, D, E 10/9 192 (92–352) 155 (71–294) 1.28 (0.52–3.17)

Any definite SCD, A, B, C 3/1 57 (12–168) 17 (0.4–95) 3.35 
(0.35–32.24)

Any SCD at night, 22:00–06:00 3/1 57 (12–168) 17 (0.4–95) 3.76 
(0.39–36.47)

Any SCD at day 6/6 115 (42–250) 103 (38–224) 1.16 (0.37–3.60)

Any SCD at unknown time ½ … …

Women: any SCD 6/6 217 (79–471) 205 (75–447) 1.12 (0.36–3.47)

Men: any SCD 4/3 163 (44–418) 103 (21–302) 1.49 (0.33–6.69)

A indicates definite fatal myocardial infarction; B, definite sudden death because of coronary heart disease; C, definite fatal coronary heart disease; D, 
possible fatal coronary heart disease; E, non–coronary heart disease (ie, arrhythmic SCD); and SCD, sudden cardiac death.

*Rate per 100 000 person-years.
†Unadjusted because of small number of events.

Figure 1.  Incidence rates of sudden cardiac death events 
in patients with sarcoidosis (------) and nonsarcoidosis 
comparators (-----) based on day–night variation and sex as 
a biological variable. 
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of granulomata. In the current study, the overall SCD 
rate for the matched comparator group is 155 per 
100 000 person-years, which is 2.5-fold higher than 
the prior study from Olmsted County.18 This could be 
explained by age, the referent-comparator group age 
range is 20 to 87 years versus 20 to 40 years for the 
group reported by Shen et al., and also better recog-
nition of SCD with greater awareness and dissemina-
tion of knowledge. The incidence rate of SCD for the 
general adult US population is 141 (95% CI, 138–143) 
per 100 000 population, which is similar in our compar-
ator group.11 Thus, these findings suggest the risk of 
SCD in patients with sarcoidosis is similar to that of the 
general population, and special surveillance programs 
and/or preemptive interventions for prevention of SCD 
in a general sarcoid population would not be recom-
mended based on these observations alone.

However, our data do not include subclinical CS, be-
cause in line with prior clinical standards, our patients 
were not routinely screened for cardiac involvement (with 
the use of ECG, Holter, and cardiac imaging). Importantly, 
given that we included cases diagnosed at postmortem 
with sarcoidosis (with or without heart involvement) in-
cluding sudden death cases, the lack of regular screening 
for CS and consequent prognostic effects are minimal. In 
other words, including decedent sudden death cases in 
our geographical location, where all postmortems are ex-
clusively conducted at our institution, ensures prognosti-
cally significant sarcoidosis is captured.

The risk of SCD in this population cohort is lower 
than that observed for people with CS (whether isolated 
or with systemic sarcoidosis).3,4 However, these are not 
epidemiological cohorts and reflect strong referral bias 
and a more severe form of cardiac involvement. Our 
data directly answer the question of SCD risk in an ep-
idemiological cohort with sarcoid involving any organ. 
The primary basis for regular screening of CS is that the 
sentinel event can be SCD, which our data show to be 
no different than the general population. Although our 
data show SCD risk in the general sarcoidosis popula-
tion is low over a 30-year follow-up period, we still ad-
vocate that it is prudent to evaluate these patients for 
manifestations of CS including arrhythmia, impairment 
of right or left ventricular function, and heart failure syn-
drome, because these can be intervened on in a timely 
manner, for example, for implantation of a permanent 
pacemaker for brady-arrhythmias. Isolated CS is rare 
and may represent a more aggressive form of the dis-
ease; a multicenter tertiary electrophysiology study of 
235 cases of CS with an ICD reported only 13 (5%) with 
definite or suspected isolated CS, which was associ-
ated with 61.5% appropriate ICD shocks versus 26.6% 
in the remaining multisystem sarcoid cases (P=0.010) 

Figure 3.  Cumulative incidence of any sudden cardiac 
death (SCD) adjusted for competing risk of death from 
other causes in patients with sarcoidosis (------) and 
nonsarcoidosis comparators (-----). 

Figure 2.  Rate of sudden cardiac death (SCD) in patients with 
sarcoidosis (------) and nonsarcoidosis comparators (-----) 
according to disease duration (top), age (middle), and calendar 
year of sarcoidosis incidence/index date (bottom). 
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over a mean 4.2-year follow-up.4 The authors acknowl-
edge this is a highly biased population group and not 
reflective of typical sarcoid cases. Our study directly 
addresses the general sarcoid population risk of SCD.

Sex-Based Differences in Mortality and 
SCD
Sex-based differences have been consistently reported 
in sarcoidosis with higher incidence in women versus 
men, and mortality greatest in non-Hispanic Black 
women, attributed to the higher prevalence of autoim-
mune diseases in women.13 However, mortality and 
SCD have age- and sex-dependent incidence in the 
general population, and are higher in men compared 
to premenopausal women. In our study, we found no 
differences in mortality or SCD when considering sex 
as a biological variable. Our study population is 90% 
White, with only 18 (5%) Black individuals and 6 (2%) 
Asian individuals. Thus, our data of no sex-based dif-
ferences are not generalizable to the non-White popu-
lation and may explain our reported differences.

Day–Night Variation With SCD
On day–night variation, our data trended toward a dif-
ference with higher nocturnal mortality, which did not 
reach significance, likely attributable to being under-
powered. This could have important implications on 
other coexisting nocturnal disorders, such as undiag-
nosed sleep apnea, which is itself an independent risk 

factor for SCD. Our data showed a difference in body 
mass index between patients with sarcoidosis and the 
referent-control group, a well-recognized risk factor 
for sleep apnea. Whether sleep disorders and sarcoid 
synergistically increase the risk of nocturnal SCD re-
mains unknown and deserving of further study. The 
other possibilities include coexisting obstructive lung 
disorders, which if present together with pulmonary 
sarcoid, may increase the propensity for SCD.

Screening for Cardiac Involvement
Symptomatic CS usually occurs in association with 
pulmonary or systemic organ involvement. The re-
ported prevalence varies across studies, ranging from 
<1% to almost 5%.3,5,19,20 Similarly, asymptomatic in-
volvement and incidental findings are highly variable, 
from 25% in autopsy-based studies and from 3.7% to 
54.9% in imaging studies of extrathoracic sarcoidosis. 
This range reflects both sampling (referral) bias and 
selection bias (inconsistent definitions of what consti-
tutes cardiac involvement) and use of different imag-
ing modalities that may not detect inflammation with 
the same degree of sensitivity and specificity. Without 
consistently applied definitions of cardiac involvement, 
these discrepancies will persist, which influence rec-
ommendations of the Heart Rhythm Society on diag-
nosis and management of arrhythmia in sarcoidosis.3 
These guidelines acknowledge the lack of evidence 
for management recommendations, pointing out that 
most of the recommendations made by the panel of 14 

Figure 4.  Incidence rates of sudden cardiac death events in sarcoidosis vs 
nonsarcoidosis comparators based on day–night variation and sex as a biological 
variable.
Day vs night incidence rates 57 (95% CI, 12–168) vs 17 (95% CI, 0.4–95). Cox proportional 
hazards regression hazard ratio 3.76 (95% CI, 0.39–36.47; P=0.25).
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experts are based on observational data. The recom-
mendations of the Heart Rhythm Society are closely 
aligned to the World Association of Sarcoidosis and 
Other Granulomatous Disorders 2014 guidelines.

In our epidemiological cohort, 2.9% of patients had 
cardiac involvement, based on symptoms, ECG crite-
ria, imaging evidence, and biopsy. All cases of CS were 
diagnosed in living patients and none were diagnosed 
postmortem (despite comprehensively searching). In 
A Case Control Etiologic Study of Sarcoidosis–control 
study from the United States, based on predefined cri-
teria for organ involvement,19 only 2.3% of patients with 
sarcoidosis had cardiac involvement.21 In this study, 
95% of patients had pulmonary involvement, followed 
by 15.9% with skin, 15.2% with lymph node, 11.8% 
with eye, and 11.5% with liver involvement.

A prospective single-center study from the United 
States evaluated 62 consecutive patients by symp-
toms, 12-lead ECG, and transthoracic echocardiogra-
phy, comparing these with the working gold standard 
of either abnormal computerized tomography-positron 
emission tomography or magnetic resonance imaging, 
detecting a frequency of CS of 39%.20 A significant 

limitation of that study was the exclusion of 32 patients 
who may or may not have had CS, thus affecting the 
reported frequency. There have been no published 
reports reproducing findings with screening using 
computerized tomography-positron emission tomog-
raphy and magnetic resonance imaging from the 
United States, raising concerns over selection bias. 
Importantly, despite the higher reported frequency of 
CS over a 2-year follow-up period, no patients devel-
oped heart failure and none had arrhythmias, SCD 
events, or appropriate therapies for ventricular arrhyth-
mias. None of the parameters had high sensitivity alone 
when compared with computerized tomography-
positron emission tomography and magnetic reso-
nance imaging to detect inflammation and evidence of 
CS. However, specificity was high for individual tests 
and increased when used in combination. Thus, the 
reported frequency is not an accurate estimate of prev-
alence and includes a significant proportion with sub-
clinical disease, which does not impact mortality. Our 
data with longer follow-up are consistent with no im-
pact on SCD prognosis. The role of cardiac blood bio-
markers including brain-type natriuretic peptides, atrial 

Figure 5.  Overall study design and results.
SCD indicates sudden cardiac death.
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natriuretic peptides, and troponins in detecting cardiac 
involvement is uncertain. Currently, no blood biomark-
ers are recommended or in routine use; these were 
not routinely collected in our cohort. However, with 
greater awareness of CS, falling costs of the tests, and 
increased use of electronic health records for following 
patients, this may be changing, with some centers now 
routinely monitoring these parameters despite lack of 
recommendations.3

Strengths and Limitations
Strengths of the current study include the robust epi-
demiological design, which minimizes referral bias in-
trinsic to most studies from single centers and assures 
complete case ascertainment. The >30-year follow-
up period is the longest reported in the literature and 
permits assessment of the disease course over time, 
particularly because medical visits and mortality are 
reliably captured.

Limitations include those inherent to the retrospec-
tive cohort design, and that these data represent min-
imal estimates, because undiagnosed or subclinical 
disease may not have been captured. Of note, any 
case identified at postmortem was included in this 
study, and thus should have identified local sudden 
death cases with sarcoidosis. The results of this study 
may not be generalizable to more diverse populations 
because the population of Olmsted County is predom-
inately of Northern European ancestry and less di-
verse than other US populations. Indigenous Northern 
European populations have a higher incidence of sar-
coid, which may in part be attributable to a genetic 
predisposition.

CONCLUSIONS
There were no significant differences in all-cause mor-
tality or SCD events between people with sarcoido-
sis and the general population. SCD event rates were 
similar in the matched comparator group, as well as 
that of the general US population, and no sex-based 
differences were observed. Although there were more 
nocturnal deaths among patients with sarcoidosis, this 
did not reach statistical significance.
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Table S1. Cox proportional hazards ratios for univariate variables of age, male sex and 

absence of intrathoracic disease. 

 

Variable Hazards 

Ratio 

95% Confidence Interval 

Age (per 10-year increase) 

 

2.48 1.97-3.13 

 

Male sex 1.98 1.04-3.79 

Absence of intrathoracic 

disease 

3.57 1.08-12.5 

*Hepatic involvement 5.37 1.90-15.2 

*Cardiac involvement 12.4 2.76-55.2 

*Splenic 11.5 4.05-32.9 

*Neurologic 4.18 1.44-12.1 

 

Hazard ratios for other organs involved (in addition to intrathoracic involvement).  

*adjusted for age, sex and calendar year of diagnosis. 
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