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A B S T R A C T   

Background: Clinical characteristics and the risk of cardiovascular events in patients with cardiac sarcoidosis (CS) 
according to the age of initial diagnosis are unclear. 
Methods: This study is a sub-analysis of the ILLUMINATE-CS registry, which is a retrospective, multicenter 
registry that enrolled patients with CS between 2001 and 2017. Patients were divided into three groups ac-
cording to the tertile of age at the time of initial diagnosis of CS. The study compared the clinical background at 
the time of CS diagnosis and the incidence rate of cardiac events across age categories. 
Results: A total of 511 patients were analyzed in this study. In baseline, older patients were more likely to be 
female. History of hypertension, heart failure admission, and atrioventricular block were more common in pa-
tients with older age. There was no significant difference in the history of ventricular arrhythmias and left 
ventricular ejection fraction among all age groups. During a median follow-up period of 3.2 [IQR: 1.7–4.2] years, 
35 deaths, 56 heart failure hospitalization, and 98 fatal ventricular arrhythmias was observed. The incidence rate 
of all-cause death and heart failure hospitalization was significantly higher in patients with older age (p <
0.001), while there was no significant difference in the incidence rate of ventricular arrhythmia among age 
groups (p = 0.74). 
Conclusions: In patients with CS, the risk of all-cause death and heart failure hospitalization was higher in older 
patients compared with other age groups; however, the risk of ventricular arrhythmia was comparable across all 
age groups.   

1. Introduction 

Sarcoidosis is a systemic granulomatous disease of unknown etiology 
[1]. Cardiac sarcoidosis (CS) is one of the subtypes and has been 

observed in upwards of one-quarter of patients with sarcoidosis [2,3]. 
Furthermore, CS is the primary cause of mortality in patients with 
sarcoidosis [4]. 

In general, patients with CS are diagnosed in their forties, which is 
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relatively younger than the average age of diagnosis for most cardio-
vascular diseases [5]. In contrast, older patients are increasingly being 
diagnosed with sarcoidosis within aging society [6]. Moreover, over the 
past four decades, the rate of cardiac involvement also seems to have 
been increasing [6]. Indeed, the mean age at the time of initial diagnosis 
of CS in our recent reports is approximately 50 years, which is higher 
than the findings of previous reports that included patients diagnosed 
with CS before the 2000s [7–11]. The clinical phenotype and the risk of 
cardiac events might vary depending on the age at the diagnosis in pa-
tients with CS, as well as other cardiovascular diseases [12,13]. How-
ever, investigations exploring the correlation between clinical 
significance and age at the diagnosis has been lacking in patients with 
CS. 

The risk of development or worsening Heart failure (HF), one of the 
most common unfavorable cardiac events in patients with CS [7], has 
close relationship with age, in both patients with and without HF 
[13,14]. Thus, age would contribute to an increased incidence of HF in 
patients with CS as well. 

Consequently, it is crucial to evaluate the disparities in clinical 
phenotype and incidence of cardiac events, particularly HF, across age at 
the diagnosis. This investigation would not only enhance our under-
standing of the disease biology but also inform the appropriate treat-
ment strategies for patients with CS. 

Hence, the current study aims to examine the differences in clinical 
characteristics and incidence risk of cardiac events according to the age 
at initial diagnosis in patients with CS. 

2. Methods 

2.1. Study patients 

We included patients with first diagnosed CS at 33 hospitals in Japan 
in the ILLUMINATE-CS (ILLUstration of the Management and prognosis 
of JapaNese pATiEnts with Cardiac Sarcoidosis), which was multicenter 
retrospective registry to reveal the clinical characteristics and outcomes 
of patients with CS [7]. The diagnosis of CS was according to either the 
guideline of the Japanese Circulation Society proposed in 2016 or the 
Heart Rhythm Society 2014 consensus statement [1,15]. 

This study complied with the Declaration of Helsinki and Japanese 
Ethical Guidelines for Medical and Health Research involving Human 
Subjects. The study protocol was approved by the ethical committee of 
each participating hospital, and informed consent was waived due to the 
retrospective design. 

2.2. Data collection and outcomes 

Baseline clinical information, including age, clinical comorbidities, 
blood test data, and findings on cardiovascular imaging, were obtained 
at the time of initial diagnosis of CS. Findings of cardiac accumulation on 
67Ga scintigraphy and 18F-fluorodeoxyglucose positron emission to-
mography (FDG-PET), and late gadolinium enhancement on cardiac 
magnetic resonance imaging (CMR-LGE) were determined from expert 
reports at each institution. To evaluate the distribution on accumulation 
of 67Ga scintigraphy and FDG-PET, and CMR-LGE, we used the American 
Heart Association 17-segment model [16]. 

The primary outcome of the present study was a composite of all- 
cause death and heart failure hospitalization. In addition, we assessed 
the incidence of fatal ventricular arrhythmia event (FVAE) as a sec-
ondary endpoint. All outcomes were ascertained from medical records. 
FVAE was defined as a combination of sudden cardiac death and either 
documented ventricular fibrillation (VF), sustained ventricular tachy-
cardia (VT) lasting >30 s, or appropriate implantable cardioverter 
defibrillator therapy. Sudden cardiac death and heart failure hospitali-
zation were determined based on the definitions proposed by the Heart 
Failure Collaboratory and the Academic Research Consortium [17]. 

2.3. Statistical analysis 

Normally distributed continuous variables are expressed as mean ±
standard deviation, while non-normally distributed variables are pre-
sented as median and interquartile range (IQR). Categorical variables 
are expressed as numbers and percentages. Patients in the study were 
divided into three groups based on age tertile. Group differences were 
compared using the one-way analysis of variance or Kruskal-Wallis test 
for continuous variables, whereas categorical variables were compared 
using the Pearson chi-squared test or Fisher’s exact test, as appropriate. 
Clinical outcomes are reported as the number of events. Kaplan-Meier 
curves and log-rank analysis were used to compare the cumulative 
incidence of the primary outcome among the groups. For FVAE and 
heart failure hospitalization alone, cumulative incidence curves were 
constructed using a Fine-Gray competing risk regression analysis, with 
all-cause death as the competing risk. Spline curve analysis was utilized 
to investigate the change in hazard ratio (HR) using Cox regression 
analysis for the primary outcome, FVAE, heart failure hospitalization, 
and all-cause death over a range of ages. Unadjusted Cox regression 
analysis for the primary outcome and all-cause death or using Fine-Gray 
competing risk regression analysis for FVAE and heart failure hospital-
ization alone across the age groups. Adjusted Cox regression analysis 
was also performed to evaluate the association between the groups 
divided by age and the primary outcome. The adjusted model included 
the group divided by age, sex, LVEF, log-transformed B-type natriuretic 
peptide (BNP), and a history of VF or sustained VT, which were shown to 
be prognostic factors in the previous studies in patients with CS [7,18]. 
All two-sided P-values were considered statistically significant. All sta-
tistical analyses were performed with R version 4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria). 

2.4. Patient and public involvement 

Patients and/or the public were not involved in the design, or 
conduct, or reporting, or dissemination plans of this research. 

3. Results 

Of the 512 patients in the ILLUMINATE-CS registry, one patient was 
excluded due to missing age data. These patients were divided into three 
groups according to the tertile of the age at the time of initial diagnosis 
(≤57; low age n = 172, 58–67; middle age n = 187, ≥68; high age n =
152). The baseline characteristics of the patients are shown in Table 1. 
Male patients were more frequent in the low age group. History of hy-
pertension, heart failure hospitalization, and atrioventricular block 
(AVB) were more common in the high age group. The high age group 
also showed higher plasma BNP levels and a larger left atrial diameter. 
There were no significant differences in the rate of organ involvement of 
sarcoidosis, the history of sustained VT or VF, or LVEF among the 
groups. Steroid therapy was administered less frequently in the high age 
group. However, in patients who administrated steroid therapy, there 
were no significant differences in the initial and maintenance doses of 
steroid therapy among the groups. 

During a median follow-up period of 3.2 [IQR: 1.7–4.2] years the 
primary outcome occurred in 91 (17.8 %) patients (35 deaths and 56 
heart failure hospitalization), and FVAE was occurred in 98 (19.1 %) 
patients. Kaplan-Meier curve analysis demonstrated that patients in the 
higher age group had a higher risk of the primary outcome. (Fig. 1A, p <
0.01, respectively) Whereas there were no significant differences in the 
cumulative incidence of FVAE among the age subgroups. (Fig. 1B, p =
0.74) The risk of heart failure hospitalization or all-cause death alone 
was significantly higher in the high age group. (Fig. 1C and D) In the 
spline curve analysis, there was a steep increase in HR for the primary 
outcome and heart failure hospitalization from approximately 60 years 
of age. (Fig. 2A and B) In contrast, the HR for FVAE was almost constant 
across all age groups. (Fig. 2C). The number of events and event rate per 
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100 person-years of each event among the age subgroups were listed in 
Table 2. In the unadjusted Cox hazard model, the high age group [HR: 
4.2, 95 % confidence interval (CI) 2.3–7.1, p < 0.01) was associated with 
the higher incidence of the primary outcome, but the middle age group 
was not (HR: 1.8, 95 %CI 0.9–3.3, p = 0.06) compared with the low age 
group. In the adjusted Cox hazard model, the trend was not different; the 
HR was 3.0 (95 %CI 1.5–6.3, p < 0.01) for the high age group and 0.8 
(95 %CI 0.6–2.9, p = 0.49) for the middle age group compared with the 
low age group. (Table 2). 

We additionally assessed the event risk among the groups divided by 
tertile of LVEF: <41 %, 42–57 %, and >58 %, as well as among groups 
stratified by age. Patients in the low age group exhibited a lower risk 
achieving primary events and HF hospitalization within the LVEF < 41 
% or 42–57 % group. However, this trend was not observed in the LVEF 
> 58 % group (p for interaction 0.07 and 0.04, respectively). There were 
no significant interactions in the incidence rate of all-cause mortality 
and FVAE among the groups divided by LVEF and age tertile (p for 
interaction 0.46 and 0.51, respectively, Supplemental figure). 

4. Discussion 

The findings of the current study demonstrated that: (i) the high age 
group had a higher comorbidity, such as hypertension or AVB, and 
higher BNP levels compared with the low and middle age groups, but the 
prevalence of organ involvement of sarcoidosis, history of VT or VF and 
LVEF were not significantly different among the groups; (ii) the risk of 
the all-cause death or heart failure hospitalization was higher in the high 
age group, whereas the risk of FVAE was similar among the groups 
stratified by age. 

4.1. Age differences in patient characteristics at CS diagnosis 

Previous investigation has shown that the prevalence of lung or skin 
sarcoidosis is similar between low and high age populations, whereas 
cardiac and eye involvement are more common in older patients [6]. 
Although the current study revealing that eye involvement tended to 
increase in the higher age group, the prevalence of sarcoidosis organ 
involvement was consistent in CS among age-groups. In the current 
study, the history of hypertension and HF hospitalization was higher in 

Table 1 
Baseline characteristics.  

Characteristic Overall, 
N = 511 

Low age 
(≤57) 
N = 172 

Middle age 
(58–67) 
N = 187 

High age 
(68 ≤ ) 
N = 152 

p-value 

Age, years (years) 62 ± 11 49 ± 7 63 ± 3 74 ± 5  <0.001 
Sex, male, n (%) 183 (35.8) 82 (47.7) 54 (28.9) 47 (30.9)  <0.001 
Organ Involvement 

Isolated cardiac sarcoidosis, n (%) 152 (30) 54 (31) 55 (29) 43 (28)  0.824 
Lung, n (%) 284 (57) 102 (60) 102 (56) 80 (53)  0.440 
Eye, n (%) 135 (27) 39 (23) 52 (29) 44 (30)  0.385 
Skin, n (%) 104 (21) 27 (16) 41 (24) 36 (24)  0.148 

Medical history 
Hypertension, n (%) 180 (37.1) 43 (25.9) 63 (36.4) 74 (50.7)  <0.001 
Diabetes, n (%) 130 (26.9) 42 (25.5) 47 (27.3) 41 (28.1)  0.863 
Heart failure hospitalization, n (%) 98 (20.0) 23 (13.8) 35 (20.0) 40 (27.2)  0.012 
Sustained VT/VF, n (%) 76 (15.7) 24 (14.5) 31 (17.7) 21 (14.5)  0.649 
High degree Atrioventricular Block, n (%) 218 (44.6) 61 (37.2) 82 (45.8) 75 (51.4)  0.040 
Atrial fibrillation, n (%) 48 (10.0) 13 (8.0) 15 (8.7) 20 (13.9)  0.177 
NYHA functional class ≥ 3, n (%) 62 (12.8) 15 (9.1) 28 (15.9) 19 (13.1)  0.167 

Laboratory data at baseline 
Plasma BNP level (pg/mL) 123.2 

[53.7–327.4] 
78.3 
[33.1–211.9] 

119.0 
[56.0–261.5] 

176.0 
[86.0–478.9]  

<0.001 

Serum creatinine (mg/dL) 0.88 (0.52) 0.86 (0.55) 0.87 (0.58) 0.91 (0.42)  0.648 
Echocardiographic findings 

LVEF (%) 49 (16) 48 (15) 49 (16) 50 (16)  0.779 
LVEF < 50 %, n (%) 247 (50) 82 (49) 89 (49) 76 (51)  0.875 
LV end-diastolic diameter (mm) 53 (10) 53 (10) 53 (9) 52 (9)  0.624 
LV end-systolic diameter (mm) 40 (12) 40 (12) 40 (12) 39 (12)  0.650 
Left atrium diameter (mm) 38 (8) 35 (8) 38 (8) 39 (7)  <0.001 
Interventricular septal thinning, n (%) 212 (43) 70 (43) 74 (41) 68 (47)  0.507 

Other Imaging test findings 
Ga-scintigraphy accumulation, n (%) 
(N = 263) 

98 (37.3) 40 (46.0) 37 (37.8) 21 (26.9)  0.041 

Ga-scintigraphy segment 0 [0–2] 0 [0–1] 0 [0–2] 0 [0–1]  0.126 
CMR-LGE, n (%) 
(N = 307) 

282 (91.9) 104 (89.7) 107 (95.5) 71 (89.9)  0.203 

CMR-LGE segment 4 [2–6] 4 [2–5] 4 [2–6] 4 [2–5]  0.229 
FDG-PET accumulation, n (%) 
(N = 342) 

324 (94.7) 101 (91.8) 124 (96.1) 99 (96.1)  0.250 

FDG-PET segment 5 [2–8] 5 [3–8] 5 [2–8] 4 [3–7]  0.755 
Medical and device therapy 

ACEi or ARB, n (%) 252 (50.3) 74 (44.3) 91 (49.7) 87 (57.6)  0.059 
Beta-blocker, n (%) 201 (40.2) 59 (35.3) 75 (41.2) 67 (44.4)  0.244 
Steroid use (at any time point), n (%) 448 (87.7) 153 (89.0) 171 (91.4) 124 (81.6)  0.019 
Initial dose of steroid (mg/day of predonisone equivalent) 30 [30–30] 30 [30–30] 30 [30–30] 30 [30–30]  0.630 
Maintain dose of steroid mg/day of predonisone equivalent) 5 [5–10] 5 [5–10] 5 [5–10] 5 [5–10]  0.354 
Pacemaker implantation, n (%) 142 (28.5) 32 (19.0) 54 (30.0) 56 (37.3)  0.001 
ICD/CRT-D implantation, n (%) 54 (11.1) 12 (7.1) 26 (15.3) 16 (10.8)  0.058 

VT; ventricular tachycardia, VF; ventricular fibrillation, NYHA; New York Heart Association, BNP; B-type natriuretic peptide, LVEF; left ventricular ejection fraction, 
CMR; cardiac magnetic resonance, LGE; late gadolinium enhancement, FDG-PET; 18F-fluorodeoxyglucose positron emission tomography, ACEi angiotensin-converting 
enzyme inhibitors, ARB; angiotensin receptor-2 blocker, ICD; implantable cardioverter defibrillator, CRT-D; Cardiac resynchronization therapy defibrillator. 
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the high age group. This trend corresponds with the general increase in 
prevalence of both hypertension and HF increases as part of the aging 
process, a trend that is also evident in patients with CS [13,14]. 
Although, LVEF and LV diameters were similar across the age groups, 
the high age group displayed larger left atrium diameter and higher BNP 
levels, which might indicate increased LV filling pressure in the high age 
group compared to the other groups [19,20]. Furthermore, these 
elevated LV filling pressure in the high age group could lead to the 
higher rate of heart failure hospitalization in this age group. 

Previous studies of predominantly younger patients (in their 50 s) 
have shown a high prevalence of patients with a history of VT or VF 
(20–30 %) and AVB (20–40 %) at the time of CS diagnosis [8,18,21,22]. 
Similarly, a frequent history of VT or VF (14–17 %) and AVB (37–51 %) 
was observed across all age groups in the current study. Moreover, the 
history of AVB was more common in the high age group compared to the 
other groups. This is consistent with the expected age-related increase in 
AVB cases due to degenerative AV node abnormalities related to aging 
[23,24]. In younger to middle-aged patients, a previous report has 
indicated that the prevalence rate of AVB in patients with CS that is 

significantly higher compared with other cardiac diseases [25]. In the 
high age group of this study, half of patients had a history of AVB, a rate 
that far exceeds the general incidence rate of AVB in the elderly popu-
lation (8 %) as well as in other age groups [26]. Thus, it is essential to 
consider the possibility of CS in patients of all age groups presenting 
with unexplained AVB. 

Although, the administration rates of angiotensin-converting 
enzyme inhibitors or angiotensin receptor-2 blocker and beta-blocker 
were comparable among all age groups, the high age group was less 
likely to receive steroid therapy than the other groups. Physicians may 
have considered the risk–benefit ratio of steroid therapy for CS to be less 
favorable in elderly patients because of the known adverse effects of 
these drugs. 

4.2. Age differences in event risk 

The current study showed that the incidence rate of the composite of 
all-cause death and HF hospitalization was higher in the high age group 
compared with other groups. Interestingly, in a study of 8,468 with HF 

Fig. 1. Cumulative incidence for primary outcome (A), heart failure hospitalization (B), all-cause death (C), and fatal ventricular arrhythmia events (D).  
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and preserved EF indicated that the incidence rate of HF hospitalization 
and all-cause death in the high age group of the current study was 
comparable to that in elderly patients with HF and preserved EF [14]. 
This observation aligns with a previous study of 11,834 patients with 
sarcoidosis, which showed that heart failure development was more 
prevalent in older patients [4]. While the underlying etiology for HF in 
patients with CS remains unclear, it might be similar to heart failure 
from other etiologies, as given share risk factors such as age, atrial 
fibrillation, and BNP levels [13]. The previous study also indicated that 
patients with sarcoidosis and heart failure were less likely to receive 
guideline recommended therapy [4]. Given the incidence rates of HF 
and all-cause death in patients with CS is not low, this emphasizes the 
importance of appropriate HF treatment, particularly for elderly 
patients. 

Unlike all-cause death and HF hospitalization, the incidence of FVAE 
was consistently high in patients with CS and it did not differ signifi-
cantly across age groups. In general, the risk of VT or VF increases with 
age, thus this tendency may be a specific feature of patients with CS 
[27]. Since CS is a major cause of FVAE in young and middle-aged 
generations, arguments about the management of FVAE in CS often 
focus on younger generations [28]. However, as the current study 
demonstrated, the risk of FVAE is still high in older patients as well. 
Moreover, the incidence rate of FVAE in the high age group with CS may 

be significantly higher compared to the incidence rate of ventricular 
tachycardia in non-CS elderly patients [29]. For this reason, appropriate 
management of FVAE, such as implantable cardiac defibrillator or 
catheter ablation, should be considered in patients with CS irrespective 
of patient age. 

5. Limitations 

The current study has several limitations. First, due to its retro-
spective design, certain clinical or imaging variables were unavailable. 
Second, the limited number of events, particularly HF hospitalization, 
might have restricted our statistical power to assess risk of events across 
age groups. Third, certain patients were diagnosed with CS without 
histological proof of sarcoidosis, as CS can be diagnosed using a com-
bination of clinical and imaging findings according to the Japanese 
Circulation Society guideline [1]. 

6. Conclusions 

We identified age-dependent differences in the clinical profiles at the 
diagnosis of CS. The risk of HF hospitalization and all-cause mortality 
was higher in patients with the high age group compared to other age 
groups. However, the risk of FVAE was regularly high and did not differ 

Fig. 2. Relationship between age and the hazard ratio for primary outcome (A), heart failure hospitalizations (B), all-cause death (C). and fatal ventricular 
arrhythmia events (D), Shaded grey area displayed 95 % confidence interval. 
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significantly across all age groups. Further studies are needed to deter-
mine the age-specific management strategies in patients with CS. 

Registration number of clinical studies: UMIN000034974. 
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Table 2 
Outcomes according to age.   

Age group 

Low age Middle age 
(58–67) 

High age 

N = 172 N = 187 N = 152 

All-cause death or hospitalization for HF 
No. of events 16 (9.3 %) 30 (16.0 %) 45 (29.6 %) 
Event rate per 100 person-y 
(95 % CI) 

2.1 
(1.3–3.4) 

3.7 (2.6–5.2) 8.1 
(6.0–10.8) 

Unadjusted HR (95 % CI) Reference 1.8 (0.9–3.3) 4.2 (2.3–7.1) 
Adjusted HR (95 %CI)* Reference 0.8 (0.6–2.9) 3.0 (1.5–6.3) 

Hospitalization for HF 
No. of events 9 (5.2 %) 21 (11.2 %) 26 (17.1 %) 
Event rate per 100 person-y 
(95 % CI) 

1.2 
(0.6–2.2) 

2.6 (1.7–3.9) 4.7 (3.2–6.9) 

Unadjusted HR (95 % CI) Reference 2.2 (1.0–4.8) 4.0 (1.9–8.5) 
All-cause death 

No. of events 9 (5.2 %) 14 (7.5 %) 26 (17.1 %) 
Event rate per 100 person-y 
(95 % CI) 

1.1 
(0.6–2.2) 

1.6 (1.0–2.7) 4.3 (2.9–6.3) 

Unadjusted HR (95 % CI) Reference 1.5 (0.6–3.4) 4.1 (1.9–8.8) 
Fatal Ventricular Arrhythmia events 

No. of events 33 (19.2 %) 39 (20.9 %) 26 (17.1 %) 
Event rate per 100 person-y 
(95 % CI) 

4.7 
(3.3–6.6) 

5.0 (3.6–6.8) 4.6 (3.1–6.8) 

Unadjusted HR (95 % CI) Reference 1.1 (0.7–1.7) 1.0 (0.6–1.6) 

HR; hazard ratio, CI; confidence interval, HF; heart failure. 
*Multivariate model for death or hospitalization for HF included sex, left ven-
tricular ejection fraction, b-type natriuretic level, and history of ventricular 
fibrillation or sustained ventricular tachycardia. 
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