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Abstract

A higher incidence of cardiovascular disease (CVD) has been observed in several chronic 

inflammatory diseases. However, data on sarcoidosis are limited. In this study, 345 patients with 

incident sarcoidosis in 1976–2013 in Olmsted County, Minnesota, were identified based on 

comprehensive medical record review. 345 sex and age-matched comparators were also identified 

from the same underlying population. Medical records were individually reviewed for CVD 

including coronary artery disease, congestive heart failure, atrial fibrillation, cerebrovascular 

accident, transient ischemic attack, peripheral arterial disease and abdominal aortic aneurysm. Cox 

proportional hazards models with adjustment for age, sex, calendar year and cardiovascular risk 

factors were used to compare the rate of development of CVD between cases and comparators. 

The prevalence of CVD before index date was not significantly different between 2 groups. 

Adjusting for age, sex and calendar year, the risk of incident CVD after index date was 

significantly elevated among patients with sarcoidosis with adjusted hazard ratio (HR) of 1.57 

(95% CI, 1.15 – 2.16). Adjustment for cardiovascular risk factors yielded adjusted HR of 1.65 

(95% CI, 1.08 – 2.53). Significantly increased risk was also observed for several types of CVD 

including coronary artery disease, congestive heart failure, atrial fibrillation and cerebrovascular 

accident.
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Introduction

Cardiovascular disease (CVD) is one of the leading causes of morbidity and mortality 

worldwide. In the United States, it is responsible for 17% of national healthcare expenditure 

[1]. Traditional risk factors for CVD include diabetes mellitus, obesity, hypertension, 

dyslipidemia, age, sex, sedentary lifestyle and smoking [2].

Over the past decades, chronic inflammation has been increasingly recognized as a non-

traditional risk factor for CVD as several studies have revealed a higher incidence of 

premature atherosclerosis among patients with chronic inflammatory diseases [3–5]. 

Oxidative stress and inflammatory cytokines are believed to be the cornerstone of the 

accelerated atherosclerosis as their deleterious effects on endothelial function have been 

consistently demonstrated [6, 7].

Sarcoidosis is an inflammatory disorder of unknown etiology that can virtually affect any 

organ. The prevalence and clinical manifestations of sarcoidosis vary across different 

populations [8, 9]. Presence of non-caseating granuloma is the histopathological hallmark of 

the disease. The clinical course of sarcoidosis can range from an acute self-limited process 

to progressive organ dysfunction with significant morbidity and mortality.

Patients with sarcoidosis might also have a higher risk of CVD. A coding-based study from 

Sweden has found an increased risk of coronary artery disease among patients with 

sarcoidosis with standardized incidence ratio of 1.15 (95% confidence interval, 1.09–1.20). 

Nonetheless, the accuracy of the study was limited by the study design that used an 

administrative registry to identify the cohort and the outcome of interest without further 

case/event verification [10].

The current study aimed to better characterize the risk of CVD among patients with 

sarcoidosis using the previously identified cohort of patients with incident sarcoidosis in 

Olmsted County, Minnesota (MN), United States (U.S.) from 1976 to 2013. The incidence 

of CVD among patients with sarcoidosis was compared with the incidence of CVD among 

sex- and age-matched comparator subjects without sarcoidosis randomly selected from the 

same population.

Methods

Participants and study design

Through the resources of the Rochester Epidemiology Project (REP), the population of 

Olmsted County, MN, is well suited for investigation of the epidemiology of sarcoidosis 

because comprehensive medical records for all residents seeking medical care for over six 

decades are available. The record linkage system allows ready access to the medical records, 

both inpatients and outpatient, from all health care providers for the local population, 
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including the Mayo Clinic, the Olmsted Medical Center and their affiliated hospitals, local 

nursing homes and the few private practitioners. The potential of this data system for use in 

population-based studies has previously been described [11]. This system ensures virtually 

complete ascertainment of all clinically recognized cases of sarcoidosis among the residents 

of Olmsted County, MN. The system also allows complete ascertainment of the outcomes of 

interest (i.e., CVD) for both cases and comparators.

The sarcoidosis cohort consists of 345 previously identified cases in Olmsted County, MN 

incident from 1976–2013 [12]. Potential cases were screened for sarcoidosis using diagnosis 

codes related to sarcoid, sarcoidosis, and contextual noncaseating granuloma, and the 

medical records of all potential cases were individually reviewed. Inclusion required 

physician diagnosis supported by histopathology and radiologic features of intrathoracic 

sarcoidosis, compatible clinical presentation and exclusion of other granulomatous diseases 

such as tuberculosis. Tissue samples were considered positive if they demonstrated non-

caseating granuloma without evidence of acid-fast bacilli or fungi. The only exception to the 

requirement of histopathological confirmation was stage I pulmonary sarcoidosis that 

required only radiographic evidence of symmetric bilateral hilar adenopathy in the absence 

of other identifiable causes. Isolated granulomatous disease of a specific organ except for the 

skin was also included if there was no better alternative diagnosis [13]. Cases with a 

diagnosis of sarcoidosis prior to residency in Olmsted County were not included.

For each sarcoidosis patient, one comparator without sarcoidosis at the time of the patient’s 

sarcoidosis diagnosis was randomly selected and assigned an index date that corresponded to 

the sarcoidosis incidence date. Matching criteria were similar age (±3 years) and same sex.

The medical records of cases and comparators were then reviewed for cardiovascular events 

which included coronary artery disease (CAD), congestive heart failure (CHF), atrial 

fibrillation (AF), cerebrovascular accident (CVA), transient ischemic attack, peripheral 

arterial disease and abdominal aortic aneurysm. CAD included both nonfatal and fatal 

myocardial infarction (MI). Classification was based on physician diagnosis from clinical 

notes supported by coronary angiography. Patients who underwent coronary 

revascularization procedures (percutaneous transluminal coronary angioplasty and coronary 

artery bypass grafting) were also classified as CAD. CHF was classified based on 

Framingham criteria for CHF [14]. AF was classified based on electrocardiogram. CVA was 

defined as ischemic stroke, hemorrhagic stroke, subarachnoid hemorrhage or death from 

CVA. Classification required physician diagnosis verified by imaging studies or 

cerebrospinal fluid analysis. Transient ischemic attack was classified based on physician 

diagnosis and negative brain imaging study. Peripheral arterial disease was classified based 

on resting ankle-brachial systolic pressure index (ABI) of less than or equal to 0.9 [15]. 

Abdominal aortic aneurysm was classified based on imaging showing diameter of abdominal 

aorta of >1.5 times normal diameter [16]. Data on baseline cardiovascular risk factors, 

including smoking status, body mass index (BMI), diabetes mellitus, hypertension and 

dyslipidemia, were also collected. The 10 year general Framingham risk score for CVD was 

calculated and the office-based 10 year Framingham risk score, which does not include 

laboratory values, was used when lipid values were unavailable [17]. Data on treatment with 
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disease modifying anti-rheumatic agents (DMARDs), biologic agents and glucocorticoids 

were also collected. Follow-up was continued until death, migration, or January 1, 2015.

Statistical analysis

Descriptive statistics (percentages, mean, etc.) were used to summarize the characteristics of 

each cohort. Comparisons between cohorts were performed using Chi-square and rank sum 

tests. Comparisons of prior CVD overall and by type were compared between cohorts using 

Fisher’s Exact tests to examine whether there were any increases in prevalence of CVD prior 

to development of sarcoidosis. The cumulative incidence of CVD overall and by type 

adjusted for the competing risk of death was estimated [18]. These methods are similar to 

the Kaplan-Meier method with censoring of patients who are still alive at last follow-up. 

However, patients who die before experiencing CVD events are appropriately accounted for 

to avoid overestimation of the rate of occurrence of CVD events, which can occur if such 

subjects are simply censored at death. For each type of CVD, patients whose first occurrence 

was prior to the diagnosis of sarcoidosis, or prior to the index date for subjects in the non-

sarcoidosis comparison cohort, were excluded from the analysis of cumulative incidence. 

For the estimation of the cumulative incidence of CVD overall, the date of occurrence was 

the earliest date of occurrence of the any of the individual CVD events.

Cox proportional hazards models were used to compare the rate of development of CVD, 

individually and in combination, between patients with sarcoidosis and the non-sarcoidosis 

comparison cohort. In addition, Cox proportional hazards models were used to assess the 

association of risk factors on the development of CVD events among patients with 

sarcoidosis. Risk factors of interest included those described above. Only events affecting an 

adequate number of patients (n ≥ 20) were examined in these risk factor analyses. Additional 

analyses to investigate the association between treatment (DMARDs, biologic agents or 

glucocorticoids) and CVD were also performed among patients with sarcoidosis. Treatment 

was modeled as a time-dependent covariate. A p-value of less than 0.05 was considered 

statistically significant for all analyses. Analyses were performed using SAS version 9.4 

(SAS Institute, Cary, NC, USA) and R 3.1.1 (R Foundation for Statistical Computing, 

Vienna, Austria).

Results

Baseline characteristics of cases and comparators are described in table 1. Mean length of 

follow-up was 15.1 years and 16.8 years for cases and comparators, respectively, 

corresponding to 5,210 and 5,863 total person-years of observation. There were more 

African-Americans among cases while there were more current smokers among 

comparators. Mean BMI of cases was higher than comparators but there was no difference in 

prevalence of other cardiovascular risk factors.

The prevalence of overall CVD prior to date of diagnosis/index date was not significantly 

different between patients with sarcoidosis and non-sarcoidosis comparison cohort (3.8% 

and 6.1%, respectively; p = 0.22). Cumulative incidence of CVD after diagnosis/index date 

for cases and comparators is shown in figure 1. The risk of incident CVD adjusted for age, 

sex and calendar year was significantly higher among patients with sarcoidosis with HR of 
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1.57 (95% CI, 1.15 – 2.16). Significantly elevated risk was observed in several subtypes of 

CVD including CAD, CHF, AF and CVA. Further adjustment for current smoker, obesity, 

diabetes mellitus, hypertension and dyslipidemia slightly increased HR of overall CVD to 

1.65 (95% CI, 1.08 – 2.53).

To reduce the likelihood of surveillance bias, sensitivity analysis including only CVD events 

that occurred at least 6 months after date of diagnosis/index date was performed. This 

resulted in exclusion of 5 overall CVD events among the cases and no events among the 

comparators. The HR for overall CVD from this sensitivity analysis adjusted for age, sex 

and calendar year was 1.50 (95% CI, 1.09 – 2.06). Significantly elevated risk was observed 

in CAD, CHF, AF and CVA, similar to the complete analysis. The numbers of events, 

cumulative incidence at 10 years and HR of individual CVD comparing patients with 

sarcoidosis with subjects without sarcoidosis adjusted for demographics and demographics 

plus baseline cardiovascular risk factors are demonstrated in table 2.

Additional analyses to compare the risk of CVD, individually and in combination, between 

patients with sarcoidosis who had lower and higher inflammatory burden were performed. 

The requirement to use immunosuppressive therapy (DMARDs, biologic agents or 

glucocorticoids) was used as the surrogate for higher inflammatory burden. Treatment was 

modeled as a time-dependent covariate. 151 patients (44%) required immunosuppressive 

therapy at some point during follow-up. The HR for overall CVD between those who 

required and did not require immunosuppressive therapy adjusted for age, sex and calendar 

year was 1.25 (95% CI, 0.83 – 1.90). HRs of individual CVD were also not statistically 

significant as demonstrated in table 3.

Discussion

Over the past few decades, mortality from organ damage and other complications directly 

related to disease pathology has been declining in patients with immune-mediated diseases 

because of advance in therapy attributable to the better understanding of disease 

pathogenesis. As a result, those patients live longer and CVD has emerged as a major cause 

of morbidity and mortality [19].

The current study is the first population-based study with comprehensive medical record 

review to demonstrate the increased incidence of CVD among patients with sarcoidosis. 

Increased risk was observed after adjusting for baseline cardiovascular risk factors and after 

excluding events that occurred within 6 months after date of diagnosis/index date to reduce 

the likelihood of surveillance bias.

Premature atherosclerosis associated with inflammation is probably the key driver behind 

this increased risk [6, 7]. While not specifically studied in sarcoidosis, it is likely that several 

inflammatory cytokines, such as interleukin-1 and tumor necrosis factor, contribute to 

atherogenesis in this disease as well as other systemic inflammatory diseases through a 

number of mechanisms including vascular adhesion molecule-1, leukocyte and matrix 

metalloproteinase activation [20, 21]. Furthermore, chronic inflammation is known to 

promote initiation and propagation of coagulation cascade, downregulate anti-coagulant 
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pathway and inhibit fibrin removal [22, 23]. Nonetheless, the additional analyses comparing 

patients with higher and lower disease activity using the requirement of immunosuppressive 

therapy as the surrogate failed to show a significantly different CVD risk between the two 

groups which might suggest that other underlying mechanisms, in addition to the increased 

inflammatory burden, are also responsible for the elevated CVD risk.

It is conceivable that there is a shared genetic predisposition to both immune-mediated 

inflammatory disease and CVD. This shared genetic predisposition theory is well recognized 

in rheumatoid arthritis (RA) as its major risk gene, HLA-DRB1, is also associated with 

increased risk of CAD [24, 25]. HLA-DRB1 appears to predispose to development of RA by 

promoting the selection and survival of autoreactive CD4+ T cells which can be found in 

both synovial tissue and atherosclerotic plaque [26]. Interestingly, a large case-control study 

investigating possible etiologies of sarcoidosis found that DRB1*1101 was significantly 

associated with increased risk of sarcoidosis in both African-Americans and Caucasians 

[27]. The data are preliminary and further investigations would be required to evaluate a 

possible shared genetic predisposition between sarcoidosis and CVD.

Glucocorticoids, the most commonly used medication in management of sarcoidosis, may 

also be a contributing factor to the increased risk of CVD as their long-term use is associated 

with several traditional CVD risk factors such as diabetes mellitus, hypertension, and 

dyslipidemia [28].

The major strengths of this study are that it is a population-based study using a 

comprehensive record-linkage system that allows capture of nearly all the clinically 

recognized cases of sarcoidosis in the community. This approach minimizes referral bias and 

allows capture of the complete spectrum of the disease. The diagnosis of sarcoidosis was 

verified by medical record and histopathology report review which minimized the likelihood 

of misclassification, a common concern in coding-based studies. The cohorts also had a long 

length of follow-up with the mean duration of follow-up of over 15 years. An adequate 

duration of follow-up is of particular important for CVD study as the events of interest might 

not occur until several years after index date/date of diagnosis.

The major limitations are those inherent in the retrospective nature of the study. Clinical 

information of the cohorts was not systematically obtained and, thus, all the pertinent 

clinical data might not be recorded. Cardiac involvement of sarcoidosis could mimic signs 

and symptoms of some events of interest including CAD, CHF and AF. It was not possible 

to retrospectively interrogate a putative relationship of these events to cardiac sarcoidosis. 

Therefore, it is possible that there were misclassifications which could lead to falsely 

elevated incidence rates. The analyses did not adjust for several potential confounders such 

as depression, healthcare access and socioeconomic status. Surveillance bias might play a 

role as patients with sarcoidosis, because of their illness, might undergo more medical 

examinations and laboratory investigations. However, sensitivity analysis that included only 

cardiovascular events that occurred at least 6 months after index date did not yield 

significantly different results. The results of this study might not be generalizable to other 

populations as clinical phenotype and epidemiology of sarcoidosis varied among different 

racial groups [8] but the population of Olmsted County is predominately of Northern 
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European ancestry. Moreover, there is a higher proportion of health-care workers and 

correspondingly higher education level in this population which might affect pattern of 

healthcare utilization and disease detection.

Conclusion

Increased incidence of CVD among patients with sarcoidosis was demonstrated in this 

population-based cohort, even after controlling for baseline traditional atherosclerotic risk 

factors.
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Take home message

Patients with sarcoidosis have a higher risk of cardiovascular diseases
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Figure 1. 
Cumulative incidence of overall cardiovascular disease among patients with sarcoidosis 

(solid line) and comparators without sarcoidosis (dashed line).
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Table 1

Characteristics of sarcoidosis cases and comparators at sarcoidosis incidence/index date

Cases (N = 345) Comparators (N = 345) P value

Mean age in years (±SD) 45.6 (±13.6) 45.4 (±13.7) 0.87

Female sex 174 (50%) 174 (50%) 1.0

Ethnicity <0.001

 Caucasian 301 (90%) 327 (95%)

 African-American 18 (5%) 2 (1%)

 Asian 6 (2%) 0 (0%)

 Native American 2 (1%) 0 (0%)

 Other 7 (2%) 14 (4%)

Unknown 11

Mean length of follow-up in years (±SD) 15.1 (±10.5) 16.8 (±10.8) --

Smoking status <0.001

 Never 198 (60%) 132 (42%)

 Ex-smoker 71 (21%) 70 (22%)

 Current smoker 63 (19%) 115 (36%)

 Unknown 13 28

Mean BMI in kg/m2 (±SD) 29.8 (±7.3) 27.5 (±5.6) <0.001

Hypertension 75 (22%) 75 (22%) 1.0

Dyslipidemia 50 (14%) 57 (17%) 0.46

Diabetes mellitus 31 (9%) 26 (8%) 0.49

Mean Framingham risk score (±SD) 8.5 (±9.0) 9.3 (±11.2) 0.78

SD indicates standard deviation; BMI, body mass index
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Table 3

Hazard ratios for association between treatment (any DMARDs, biologic and/or glucocorticoid) and individual 

CVD in 345 patients with sarcoidosis in 1976–2013.

Subtype of cardiovascular disease HR (95% CI), adjusting for age, sex calendar year of sarcoidosis incidence/index date p-value

CAD 1.25 (0.72, 2.18) 0.43

CHF 1.58 (0.86, 2.90) 0.14

AF 0.76 (0.37, 1.56) 0.46

CVA 0.92 (0.45, 1.89) 0.83

TIA 0.27 (0.03, 2.38) 0.24

PAD 2.22 (0.71, 6.93) 0.17

AAA 0.51 (0.05, 5.49) 0.58

Any CVD 1.25 (0.83, 1.90) 0.29

AAA, abdominal aortic aneurysm; AF, atrial fibrillation; CAD indicates coronary artery disease; CHF, congestive heart failure; CVA, 
cerebrovascular accident; HR, hazard ratio; PAD, peripheral arterial disease; TIA, transient ischemic attack; DM, diabetes mellitus; HTN, 
hypertension; DLP, dyslipidemia; CI, confidence interval; DMARDs, disease modifying agent anti-rheumatic drugs
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